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requirements. pollutant limits,
management practices. and operational

., _ standards~for. thidinal usa or, disposal·
of sewnge sludge generated during the
treatment of domestic sewage in·a
treatment works. Standards are included
in this part for sewage sludge applied to
the land. placed on a surface disposal
site. or fired in a sewage sludge
incinerator. Also included in this part
are pathogen and alternative vector
attraction reduction requirements for
sewage· sludge applied to the land or
placed on a surface disposal site,

(2) L"l addition. the standards in this
part include the frequenCy of
monitoring and recordkeeping
requirements wh!3n sewage sludge is
applied to the land, placed on a surface
disposal site; or fired in a sewage sludge
incinerator. Also included in this part
are reporting requirements for Class 1
sludge management facilities. publicly
owned treatment works (POrNs) with a
design flow 1'llte.equal to or greater than
one million gallons.per day. and PO'IWs
that serve 10.000 people or. more.

(b) Applicability. (1) This part applies
to any person who prepares sewage'
sludge. applies sewage sludge to the .
land. or fireS sewage sludge in a sewage
sludge incinerator~d to the owneTl
operator of a surface displ?sal site. .

(2) 'l:"his part applies to sewage sludge ..•.
applied to·the.land. placed on a surface -­
disposal site; or fired in a sewage sludge ~:
incinerator. .

(3) This part applies to the exit gas .
from a sewage sludge incinerator stack.

§ 503.1 Purpose and·appllcabllity.

(a) Purpose. (1) This'part establisnes
standards. which consist or general

Appendix A to Part 5!J3-Procedure to
Determine the Annual Whole Sludge
Application Rate for a ~wage Sludge

Appendix B to Parl 503-psthogen
Treatment Processes

503.25 Operational standards-pathogens
2nd vec::or attraction reduction.

503.26 ..frequency .ofmonitoring.
503.27 Reccrdkeepfilg:··~·-"-· .
503.28 ~epcrting.

Subpa:t D-P8t~OgenSand VectM
Attraction Reduction
503.30 Scene.
503.31 SpeCial definitions.
503.32 Pathogens.
503.33 Vector attraction reduction.

Subpart E-Inciner.ation

503.40 Applicability.
503.41 Special defiriitions.
503.42 General requirements.
503.43 Pollutant limits.
503.44 Operational standa:d-total .

hydrocarbons. :.
503.45 Management practices.
503.40 Frequency of menitoring.
503.47 Recordkeeping.
503.48 Reporting.

Subpert B-Land.Application

503.10 Applicability.
503.11 Special definitions.
503.1j!r General requirements.
503.13 Pollutant limits.
503.14 Management practices.
503.15 Operational standards-pathogensand vector attraction reduction. . Authority: Sections 405 (d) and (e) of the
503.16 Frequency of monitoring. ~ . Clean Water Act. as amended by Pub. L. 95-
503.17 Recordkeeping. 217. Sec. 54(d}. 91 Slat. 1591 (33 U.S.C.1345
503 8 R i (d) and (ell; and Pub. L. 100-4. Title IV. Sec.

.1 eport ng. 406 (a). (b). 101 Stat.• 71. 72 (33 U.s.C. 1251
SubPart C-Surface Diaposal et seq.). .

503.20 Applicability. ~ . •.
503.21 Special definitions. .' Subpart A--General ProviSions
503.22 General requirements. .
503.23 Pollutant limits (other than domestic

septage). .
503.24 Management practices.

Subpart A-General Provisions

Sec.
503.1 Purpose and applicability.
503.2 Compliance period. .
503.3 Permits and direct enforceability
503.4 Relationship to'other regulations.
503.5 Additional pr more stringent

requirements.
503.6 Exclusions.
503.7 Requirement for a person who

prepares sewage sludge.
503.8 SampHng and analysis.
503.9 General definitions.

. Subchapter 0 in chapter I of title 40
of the Code of Federal Regulations is
amEinded by adding parl503,·which
reads as follows:
SU3CHAPTER O-SEWAGE SLUDGE

PART 5D3-STANDARCS FOR THE
USE OR DISPOSAL OF SEWA:aE
Sl.UDGE

A-I
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(4) This part applies to land where
sawage sludge is applied, to a surface
disposal site, and to a sewage sludge
incinerator.

1503.2 Compl~nce period.
(a) Compliance with the standards in

this part shall be achieved as
expeditiously as practicable, but in no
cue later than FebmU)' 19, 1994. When
compliance with the standards requires
CODstnlctIon ofnew pollution control .
facilities, compliance with the standards
shall be achieved as expeditiously as
practicable, but in no case later than
February 19, 1995.
~ (h) The requirements for frequency of

monitoring, recordkeeping, and
reporting in this part for total
hydrocaibons in the exit gas from a
sewage sludge incinerator are effective
February 19, 1994 or, ifcompliance
with the operational standard for total
hydrocubOns in this part requires the
construction of new pollution control
facilities, February 19, 1995.

(c) All other requirements for
freQuency ofmonitoring, recordkeeping,
and reporting in this part are effective
on July 20, 1993.

1503.3 PermIts and dlre<:t enforceability.
(I) Permits. The requirements in this

part may be implemented through a
permit:

(1) Issued to a "treatment works
t.ruUng domestic sewage". as defined in
40 CFR 122.2, in accordance with 40
CFR parts 122 and 124 by EPA or by a
State that has a State sludge
management program approved by EPA
in accordanca with 40 CFR part 123 or
40 CFR part 501 or

(2) Issued under subtitle C of the
SoUd Waste Disposal Act; part C of the
Safe Drinking Water Act; the Marine
Protection, Research, and Sanctuaries
Act of1972; or the Clean Air Act.
"Tre.tment works treating domestic
sewaga" shall submit a permit ,
~iettion in accordance with either 40

122.21 or an approved State

P~T~enfo~biUty:~o person
shall use or dispose of sewage sludge
through any practice for which
requirements are established in this part
except in accordance with such
requirements. . '. •

5503.4 RelaUonahlp to other regulation••
Disposal of sewage sludge in a

munippal solid waste landfill unit, 8S
defined in 40 CFR 258.2, that complies
with the requirements in 40 CFR part
258 constitutes compliance with section
405(d) ofthe CWA. Any person who
prepares sewage sludge that is disposed
in a municipal solid waste landfill unit

shall ensure thafthe sewage sludge
meets the requirements in 40 CFR part
258 cODf=eming the quality of materials
disposed in a municipal solid waste
landfill unit.

S503.5 AdditionalOf' more .tringent
requlrementL

(a) On a cese-by-ease basis, the
permitting authority may impose
requirements for the use or disposal of
sewage sludge in addition to or more
stringent than the requirements in this
part when necessary to protect public
health and the environment from any
adverse effect of a pollutant in the
sewage sludge.

(h) Nothing in this part precludes a
State or political subdivision thereof or
interstate agency from imposing
requirements for the use or disposal of
sewage sludge more stringent than the
requirements iri-ffiis part or from
imposing additional requirements for
the use or disposal of sewage sludge.

S503.6 Excluelons.
(a) Treatment processes. This part

does not establish requirements for
processes usep to treat domestic sewage

. or for processes used to treat sewage
sludge prior to final use or disposal, '
except as prOvided in § 503.32 and
§ 503.33. ---

(h) Selection ofa use or disposal
practice. This part-does not require the
selection ofa sewage sludge use or
disposal practice. The determination of
the manner in which sewage sludge is
used or disposed is a local -
determination.

(c) Co-firing ofsewage sludge. this
part does not establish requirements for
sewage sludge cQ=fired in an incinerator
with other wastes or for the incinerator
in which sewage sludge and other
wastes are co-fired. Other wastes do not
includ,e auxiliary fuel, as defined in 40
CFR 503.41(b), fired in a sewage sludge
incinerator.

(d) Sludge generated at an industrial
facility. This part does not establish
requirements for the use or disposal of
sludge generated at an industrial facility
during the treatment of industrial "
wastewater, including sewage sludge "
generated during the treatment of .
industrial wastewater combined with
domestic sewage..· .

(e) Hazardous sewage sludge. This
part does not establish requirements for
the use or disposal of sewage sludge
determined to be hazardous in
accordance with 40 CFR part 261.

(f) Sewage sludge with high PCB
concentration.·!fhis part does not
establish requirements for the use or
disposal of sewage sludge with 8
concentration of polychlorinated

A-2

biphenyls (PCBs) equal to or greater
than 50 milligrams per kilogram of total
soIids'(dry weight basis).

(g) Incinerator ash. This part does not
establish requirements for the use or

. disposal of ash generated during the
firing of sewage sludge in a sewage
sludge incinerator.

(h) Grit and screenings. This part does
Dot establish 'requirements for the use or
disposalorgrlt (e.g., sand, gravel, ,_
cinders, or other materials with a high
specific gravity) or screenings (e.g.•
relatively large materials such as rags)
generated during preliminary treatment
of domestic sewage in a treatment
works. ' '

(i) Drinking water treatment sludge.
This part does Dot establish
requirements for the use or disposal of
sludge generated during the treatment of
either surface water or ground water
used for drinking water.

(j) Commercial and industrial septage.
This part does not establish
requirements for the ust! or disposal of
commercial septage. industrial septage,
a mixture of domestic septage and
commercial septage, or a mixture of
domestic septage and industriaheptage.

1503.7 Requirement fOf'. peraon who .
prepare. -.wase .Iudge.

Any person who prepares sewage
sludge shall ensure that the applicable
requirements in this part are met when
the sewage sludge is applied to the land,
placed on a surface disposal site, or
fired in a sewage sludge incinerator.

S503.8 Sampling and analysis.
(a) Sampling. Represe'ritative samples

of sewage sludge that is applied to the
land"placed on a surface disposal site,
or fired in a sewage sludge incinerator
shall be collected and analyzed.

(h) Methods. The materials listed
below are incorporated by reference in
this part. These incorporations by
reference were approved by the Director
of tha Federal Register in accordance
with 5 U.S.C. "552(a) and 1 CFR part 51.
The materials are incorporated as they
exist on the date ofapproval, and notice
ofany change in these materials will be
published in the Federal Register. They
are available for inspection at the Office
of the Federal Register, 7th Floor, suite
700, 800 North Capitol Street, NW.,
Washington, DC, and at the Office of .
Water Docket, room L-102, U.S.
Environmental Protection Agency, 401
M Street, SW., Washington, DC. Copies
may be obtained from the standard . .
producer or publisher listed in the
regulation. Methods in the materials
listed below shall be used to-analyze
samples of sewage slu~ge.

-'-
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§ 503.9Gener.1 definItions. limited to, fruits. vegetables. and
(a) Apply sewage sludge or sewage tobacco. . .

.' sludge applied to the land means land (m) .Ground water is water below the
application of sewage sludge.. land surface in the saturated zone.

. . (b).Base flood is a flood that has a one (0) Industrial wastewater is
percentChanee of occutring'in-anywastewater generated in a,commercial
given year (i.e., 8 flood with a or industrial process.
magnitudee~edonce in 100 years). . (0) Municipality means a city. town.

(e) Class 1sludge managementfacility' borough, county, parish. district,
is any publicly owned treatment works association. or other public body
(pOnY); as defined in 40 CFR 501.2,•.,,, (incl'udinganintermuni,"lpal Agency of .'
.required to have an approved two or more of the foregoing entities)
pretreatment program under 40 CFR created by or under State law; an Indian

.403.8(a) (including any POTW located tribe or an authorized Indian tribal
in a State that has elected to assume organization having jurisdiction over
local program responsibilities pursuant sewage sludge management; or a ' .

... to 40 CFR 403.10(e)) and any treatment designated and approved management
works treating domestic sewage~ as •... Agency under section 208 of the CWA.
defined in 40 CFR 122.2, classified as 8 •. ,as amended. The definition includes a
Class I sludge manageme~tfacility by special district created under State law,
,the EPA Regional Administrator, or, in. such as a water district. sewer district.
,the ~ofaP'Provi3d'Stateprogram.s;'tlie' 'sanitary district;titility district. drainage
Regional Administrator in conjunction district. or similar entity. or an
with the State Director. because of the integrated waste management facility as
potential for its sewage sludge use or defined in section 201(9) of the CWA. as
disposal practice to affect public health amended. that bas as one of its principal
and the environmentadversely. responsibilities the treatment, transport.

(d) Cover crop is a small grain crop. use, or disposal of sewa~e sludge.
such as oats. wheat, or barley. not grown (p) Pennitting authontyis either EPA
fer harvest; .' or a State with an EPA-approved sludge

(e) CWli means the Clean Water Act' management program.
(formerly referred to as either the (q) Person is an individual,
Federal Water-Pollution Actor-the association. partnership. corporation,
Federal Water Pollution Control Act municipality. State or Federal agency. or
Amendments of 1972), Public Law 92- an agent or smployee thereof.
500, as amended by Public Law 95-217 (r) Person who prepares sewage
Public Law 95-576. Public Law 9&:-483: sludge is either the person who '
Public Law 97-117. and Public Law generates sewage sludge during the
100-4. ' . treatment of domestic sewage in 8' .

(0 Domestic septdge is either liquid or. treatment works or the p~rsonwho
solid material removed from a septic derives amaterial from sewage sludge.
tank. cesspool. portable toilet. Type ill (5) Place sewage slu~ge or sewage .
marine sanitation device; or similar' sludge placed means dIsposal of sewage
trecitmenfworxsf)1atreceives only .~, sludge on a sur:£ace dispo~al site.
domestic sewage. Domestic septage does (!) PoJJu~antIS an OTgaDlC sub.stance,
not include liquid or solid material an lDOrg?DlC ~bstanee .• a combmation _
removed from a septic tank, cesspool. or of organIc ~d lDOfJlan1c,substances, or '
similar treatment works that receives a pathogeDlc orgamsm that. after
either commercial wastewater or discharge and upon exposure. ingestion,
industrial wastewater and does not inhalation. or assimilation into an "
include grease removed from a grease org~ism either ?ir~tly from tha
tray at a restaurant... ' . envIronment or mdll'Bctly by ingestion

19) Domestic sewage is waste and . ,through the food chain, could, on the
wastewater from humans or household . basis of information available to the .
operations thatis'discharged to or A:dministrator .0fEPA, cause ~~ath, _
otherwise enters a treatment works. dIsease. behaVloral abnormahties. .

(h) Dry,weight basis means calculated . cancer. genetic mutations, physiolo8fca1.
on the basis of having been dried at 105 malfunctions (including malfunction in
degrees Celsius Until reaching a reproduction), or physical deformations

~ constantmass (i.e., essentially 100 ' in either organisms or offspring of the . " ~
percent solids content). . organi$ms. " " ..",

(i) EPA means the United States' lU) Pollutant limit is a numerical .,.. ':
Environmental Protection Agency. value that describes the aIDpunt ~fl!--,-~ t, ,,:,

(j) Feed crops are crops produced pollutant allowed per unit amount'of ..~ ,...
primarily forcollSwnption by animals. sewage sludge (e.g.• milligrams per ," .. ~-;; 't-

(1.) Fioer crops are crops such as flax kilogram of total solids): the amountof
and cotton. ..' a pollutant that can be applied to a un~i : :., .

(l) Food crops are crops consumed by area of land (e.g., JWograins per hectare): "
humans. These include, but are not or the volume of a material thalcanbe- .',

(1) Enteric viruses. ASTM
Designation: D 4994-89, "Standard
Practice for Recovery of Viruses From
Wastewater Sludges", 1992 Annual
Book of ASTMStandards:.Section 11­
Water and Environmental Technology,
AS1M, 1916 Race Street, Philadelphia,
PA 19103-1187. .

(2) Fecal colifonn. Part'9221 E. or part
9222 D•• "StandardMe~ for the·
Examination ofWater and Wastewater"

, 18th Edition, 1992. American Public
Health Association, 1015 15th Street,
NW., Washington, DC 2'0005.

(3) Helminth ova. Yanko. W.A.•
"Occurrence of Pathogens in
Distribution and Marketing Municipal
Sludges", EPA 600/1~7~14. 1987.
National Technical Infonnation Service.
5285 Port Royal Road. Springfield,
Virginia 22161 (pB8&-154273/AS).

(4) Inorganic pqllutants; "Test
Methods for Evaluating Solid Waste.
Physical/Chemical Methods". EPA
Publication SW-846. Second Edition
(1982) with Updates I (Apr~11984) and
II (April 19B5) 8;Dd Third Edition
(November 1986) with Revision I
(December 1987). Second Edition and
Updates I and nare available from the
National Technical Information Service.
5285 Port Royal Road. Springfield.
Virginia 22161 (PB-87-1ZD-291). Third
Edition and Revision I are available'
from Superintendent of Documents. ­
Government Printing Office. 941 North
Capitol Street. NE.• Washington. DC
20002 (Document Number 95~01­
~OOOD-l).

(5). Salmonella.sp. bacteria. Part 9260
D., "Standard Methods for the
Examination of Water.and Wastewater" ­
18th Edition. 1992, American Public
Health ~ociation,1015 15th Street.
NW.• Washington. DC 20005; or

Kenner. B.A. and H.P. Clark.
"Detection and enumeration of
Salmonella and Pseudomonas
aeroginosa". Journal of the Water
Pollution Control Federation. Vol. 46.
no. 9. September.1974, pp. 2163-2171.
Water Environment Federation. 601 -
Wythe Street. Alexandria. Virginia
22314.

(6) Specific oxygen uptake'rote. Part
2710 B.• "StandardMethods·for the . ,
Examination ofWater and Wastewater"
18th Edition, 1992, American Public,
Healtl}· Associ.ation•. l015 15th Street,
NW.• Washington. DC 20005:

(7) Total, fixed. and volatile solids.
Part 2540 G., "Standard Methods for the
Examination of Water and Wastewater"
18th Edition, 1992, American Public
Health Association, 1015 15th Street. . "
NW.• Washington, DC 20005. ..
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applied to a unit areB of land (e.g.. sewage sludge.applied to the land. and requirements in J: 503.12 and the
gaUons nf'r aaa). to the I d hich I d ;,(v) Brfnoffis rainwater, leachate. or . an. on w sewage s u ge is management practices in § 503.14 do
th) ~ I applied. not apply when sewage sludge is sold or

on iqui that drains overland on any (b)(1) Bulk sewage sludge. the general ..iven away in • bag' or other contal'o'er
part ofa land surface and runs off of the ' requirem nts' J: 503 12 d th e-land surface. . . e 10 ;, • an e for application to the land if the sewage

( )
r:nanagement practices in § 503.14 do sludge sold or ..iven away I'n a bag or

w Sewage sludge is solid. semi-solid. not apply wh b lie Idie-
li id d

en u sewage s u ge S' other container for application to the
or qu· resi ue generated during the applied to the land if th bulk. 8 sewage land INlets the pollutant concentratl'on's
tIMtment ofdomestic sewage in a sludge meets the poll t t -10--U an in § 503.13(b)(3). the Class A pathogen
I.reacltment works. Sewage sludge . concentrations iQ.S 503.13(b)(3),the requirements in J: 503.32(a). and'one of . ::;" ..
in udes, but is not limited to, domestl'c Class A pathog i t i . :r. en requ remen s n the vector attraction reduction .
septago; scum or solids removed in § 503.32(a), and one of the vector
primary, secondary, or advanced attraction reduction requirements in requirements in § 503.33 (b)(1) through
wastowater treatment processes; and a § 503.33 (b)(1) through (b)(B). (b)(B). . .
matarial derived from sewage sludge. (2) The Regional Administrator of (I) The general requirements in .
Sewage sludge does not include ash EPA or, in the caSe of a State with an ~ 503.12 and the management practices

"generated during the firing ofsewage approved sludge management program 10 S503.14 do not apply when a
sludge in a sewage sludge incinerator or the State Director, may apply any or ali ". material derived from sewage sludge is
grit and scrtHlnings generated during of the general requirements in S503.12 sold or given away in abag or other
preliminary treatment of domestic and the management practices in . container for application to the land if
sewage in a treatment works.' § 503.14 to~the bulk sewage sluage in the derived material meets the pollutant

(x) State is one of the United States of § 503.10(b)(1) on a case-by-case basis concentrations in § S03.13(b)(3). the
America, the District of Columbia. the after.determining that the general 'Class A pathogen requirements in
Commonwealth of Puerto Rico. the requIrements or management practices § 503.32(a). and one of the vector
Virgin Islands. Guam. American Samoa. are needed to protect public health and attraction reduction requirements in
the Trust Territory of the Pacific Islands. the environment from any reasonably § 503.33 (b)(1) through (b)(B).
tbe Commonwealth ofthe Northern anticipated adverse effect that.may (g) The requirements in this subpart
Mariana Islands. and an Indian Tribe occur from any pollutant in the bulk do not apply when a material derived
eUgible for treatment as a State pursuant sewage sludg&. .. ' " from sewage sludge is sold or given
to regulations promulgated under the (c){l) The general requirements in away in a bag or other container for
authority ofsection 518(e) of the CWA. § 503.12 and the management practices application to the land if the sewage

(y) Stare orstorage ofsewage sludge in § 503.14 do n9JJIpply when a bulk sludge from which'the materialise
is the placement of sewage sludge on material derived from sewage sludge is derived meets the pollutant
land on which the sewage sludge applied to the land if the derived bulk concentrations in § 503.13(b)(3). the
romains for two years or less. This does material meets the pollutant Class A pathogen requirements in
not include the placement of sewage concentrations in § 503.13(b)(3), the § 503.32(a). and one of the vector

, sludge on land for treatment. ' Class A pathogen requirements in attraction reduction requirements in
(z) Treat or treatment ofsewage § 503.32(a). and one ofthe vector § 503.33 (b)(1) through (b)(8).

sludge is the preparation ofsewage attraction reduction requirements in f 503.11 Speclat deflnltJona.
sludge for final use or dispo~l. This § 503.33 (b)(1) through (b)(B).
includes. but is notUmited to. (2) The Regional Administrator of (a) Agricultural land is land on which
thickening. stabilization. and EPA or. in the case of a State with an. a food crop. a feed crop. or a fiber crop
dewalering ofsewage sludge. This does approved sludge management program is grown. This includes range land and
not include storage of sewage sludge. the State Director, may apply any or all' land used as pasture.

(all) Treatment works is either a of the general requirements in § 503.12 (b) Agronomic rote is the whole
federally own~d, publicly owned, or or the management practices in § 503.14 sludge ~pplication rate (dry weight
privately owned device or system used to the bulk material in § 503.10(c)(1) on basis) designed: .
to treat (including recycle and J;eclaim) a case-by-case basis after determining (1) To provide the amount of nitrogen
either domestic sewage or a that the general requirements or needed by the food crop. feed ·crop. fiber
combination ofdomestic sewage and manageJllent practices are needed to. crop. cover crop. or vegetation grown on
industrial waste ofa liquid nature. protect public health and the .' tha lend; and .

(bb) Wetlands means those areas that environment from any reasonably .. (2) To minimize the amount of
are inundated or saturated by surface anticipated adverse effect that may.' nitrogen in th,e sewage sludge that
water or ground water at a frequency occur'from any pollutant in the bulk" passes below the roqt zone of the crop
and duration to support. and that under sewage sludge. . or vegetation grown on the land to the

•normal circumstances do support. II (d) The requirements in this subpart ground water.' . .
prevalence of vegetation typically , do not apply when a bulk material .(c) AnlJual pollutant loading rote is
adapted for life in saturated soil derived from sewage sludge is applied . the maximum amount of a pollutant that
conditions. Wetlands generally include to the land if the sewage sludge from . can be applied to a unit area of land
swamps. marshes, bogs. and similar which the bulk material is derived during a 365 day period. "
&re4S. meets the pollutant concentrations in . (d) Annual whole sludge application

. .' § 50~.13(b)(3) •• the Class A pathogen . rote is the maximum amount of sewage'
. Subpart B-Land.~pllc.t1on requIrements 10 § 503.32(a), and one of. sludge (dry weight basis) that can be
5S03.10 Appllc.ablllty•. ' ,'. ' the vector attraction reduction ; applied to a unit area of lend during a

Ca) This subpart applies to any person requirements in"s503.33 (b)(1) through' 365 dey period. , ,., . . . ..

h
(b)(B).· .. . ' , (e) Bulk sewaae sludge is sewage .

W 0 prepares sewage sludge that is ( )SId Id . 0applied to thel~d,to any person who e ewage s u ge so orgIVen away sludge that is not sold or given away in
Ii in a bag or other container for ... .. ' a bag or other container for application

app es sewage sludge to the land. to application to the land. The general to the lend. .' .

A-4
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(0 Cumulative pollutant loading rate (2)U) Before bulk sewti~~ sltidge ~
is the maximum amount of an inorganic subject to the cumulative pollutant
pollutant that can be applied to an area loading rates in § 503.13(b)(2) is applied
of land. . . to the land. the person who proposes to

(g) Forest is a tract of land thick with .... apply the bulk sewage silldge shall
trees lind underbrush. contact the permitting authority for the

(h) Land application-is the spraying-or -State in which· the.bulksewage sludge
spreading of sewage sludge onto the will be applied to detennme whether
land surface; the injection of sewage bulk sewago sludge subject to the
sludge below the land surface; or the cumulative pollutant loading rates in
incorporation of sewage sludge into the § 503.13(b)(2) has been applied to the
soil so that the sewage sludge can either, site since July 20. 1~93. . .... .
condition the soil or fertilize crops or (ii) Ifbulk sewag'e sludge subject to
vegetation grown in the soil. the cumulative pollutant loading rates

~i) Montlily average is the.arithmetic in § 503.13(b)(2) has not been applied to
mean of all measurements taken during the site since July 20. 1993. the
the month. cumulative amount for each pollutant '

(j) Other conta!ner is ~i~er an open listed in Table 2 of § 503.13 may be
or closed receptac~e; ThIS mc1udes. 'but ' . applied to the site in accordance with
is not limited to. a bucket. a box. a § 503.13(a)(2)(i).
carton. and a vehicle or trailer with a (iii) Ifbulk sewage sludge subject to
load capacity .of one metric.ton 0t: less. the cumulative pollutant loading rates
.. (kl ~asture IS land on whIch ammals in § 5P3.13(b)(2)J~ils been applied to the .

feed directly on feed .crops such as site since July 20. 1993. and the
legumes. grasses. gram stubble, or cumulative amount of each pollutant
stover.. ., . ' applied to the site in the bulk sewage

.0) Pubhc .contact SJte IS land WIth a. sludge since iliat date is known. the
hlg.h potentIal for c.ontact ~y.the publIc. cumulative amount of each pollutant
ThiS .mcludes. but IS not hmlted !o, applied to the site s~all be used to
publIc parks. ball fields. cemetenes. determine the additional amount of
plant nurseries. turf farms. and golf each pollutant that can ba applied to the
courses. .. . site in accordance with § 503.13(a)(2)(i).
. (~) Range land I~ open ,land WIth (iv) Ifbulk sewage sludge subject to
indigenous veg~tatl(~n.. .' the. c.1.1mulat!y~p~!!E!ant loading ~tes

.(n) ReclamatJon s~te IS d~sbcall~ in § 503.13(b)(2) has been applied to the.'
disturbed land tha~ I~ reclaimed u~mg site since July 20. 1993. and the '
s.e":age sludg~. Th~s mcludes. but IS ~ot cumulative amount of each pollutant
l~mlted to. strip mIDes and constructIon applied.to the site in the bulk sewage
sItes. sludge since that date is not known. an.
§503.12 General requlrementa. additional amount of each pollutant

(a) No person shall apply sewage shall not be applied to the site in
sludge to the land except in accordance accordance with § 503.13(a)(2)(i).
with the requirements in this subpart. (f) When a person who prepares bulk

(b) No person shall apply bulk sewage sewage sludge provides the bulk sewage
sludge subject to the cumulative. sludge toapeJ:SQn,who applies thebulk
pollutant loading rates in §503.13(b)(2) sewage sludge to the land. the person
to agricultural land. forest. a public who prepares the bulk sewage sludge
contact site. or a reclamation site if any shall provide the person who applies
of the cumulative pollutant loading the sewage sludge notice and necessary
rates in § 503.13(b)(2) has been reached. information to comply with the

(c) No person shall apply domestic regt.;.irements in this subpart.
septage to agriculturalll'lnd. fo~st. or a 19J When a perso~ who prepares
reclamation site during a 365 day period sewage sludge proVIdes the sewage
if the annual application rate in '.sludge to artother person who prepares
§ 503.13(c) has been reached during that. the sewage sludge. the person who'
period.. provides the sewage sludge shall

(d) The person who prepares bulk provide the person who receives the
sewage sludge that is applied to sewage sludge notice and necessary
agricultural land. forest. a public contact information to comply with the '
site. or a reclamation,site, shall provide.·. ,.requirements.inthissubpart.. .
the person who applies the bulk sewage (h) The person who applies bulk
sludge written notification of the . .sewage sludge to the lartd shall provide
concentration of total nitrogen (as N on· the owner or lease holder of the land on
a dry weight basis) in the bulk sewage"'!' which the bulk sewage sludge is applied
sludge. . '.. '.:;. . " notice and necessary information to

(e)(l) The person who applies sewage comply with the requirements in this

f~~~~:~:en=d~d~~l~~~;with the sU~f~;;;;~~~~h~ prepares bulk ....
requirements in this subpart. , ' . sewage sludge that is applied to land in

A-S

a State other than, the State in which the'
bulk sewage sludge is prepared shall
provide written notice, prior to the '
initial application of bulk sewage sludge
to the land application site by the
applier. to the permitting authorjty for
the State in which the bulk sewage
sludge is proposed to be applied. The
notice shall include:

(1) The location. by either street
address or latitude and longitude. of
each land application site.

(2) The approximate time period bulk
sewage sludge wi\!~ applied to the
site.

(3) The name. address. telephone
number. and National Pollutant
Discharge Elimination System permit
number (if appropriate) for the person
who prepares the bulk sewage sludge.

(4) The name. address. telephone
number. and National Pollutant
Discharge.Elimination'System permit
number (if appropriate) for the person
who will apply the bulk sewage sludge.

(j) Any person who applies bulk
sewage sludge subject to the cumulative
pollutant loading rates in § 503.13(b)(2)
to the land shall proVide written notice,
prior to the initial application of bulk
sewage sludge to a lartd application site
by the applier. to the permitting
authority.lor the State in which the bulk
sewage sludge willbe applied and the
permitting authority shall retain and
provide access to the notice. The notice
shall include:

(1) The location. by either street
address or latitude and longitude. of the
land application site.

(2) Tlie name. address. telephone
number. and NationalPollutartt
Discharge Elimination System permit
number (if appropriate) of the person
who will apply ~e bUlk sewage sludge. '

§ 503.13 Pollutant limits.
(a) Sewage sludge. (1) Bulk sewage

sludge or sewage sludge sold or given
away in a bag or other container shall
not be applied to the land if the
concentration of any pollutant in the
sewage sludge exceeds the ceiling
concentration for the pollutant in Table
1 of § 503.13.-t . _

(2) Ifbulk sewage sludge is applied to
agricultural land. forest. a public contact
site. or a reclamation site. either:

(i) The cumulative loading rate for
each pollutant shall not exceed the . '
cumulative pollutant loading rate for the
pollutant in Table 2 of § 503.13; or .

(il) The concentration of eac;h
pollutant in the sewage sludge shall not
exceed the concentration for the
pollutant in Table 3 of § 503.13. .' .

(3) Ifbulk sewage sludge is applied to
a lawn or a home garden. the .
concentration of e~~ pollutant in the .;~
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otherwise specified by the permitting
authority.

(d) Bulle sewage sludge shall be
applied to agricultural land. forest. a
public contact site. or a reclamation site
at a whole sludge application rate that
is equal to or less than the agronomic
rate for the bulle S8Wege sludge. unless.
in the case of a reclamation site.
otherwise specified by the permitting

au~~~~a label shall be affixed to the
bag or other container in which sewage
sludge that is sold or given away for
application to the land. or an
information sheet shall be provided to
the person who receives sewage sludge
sold or given away in an other container
for application to the land. The label or
information sheet shall contain the
following Information:

(1) The name'and address of the
person who prepared the sewage sludge
that i~ sold ~r given away in a bag or
other container for application to the
land.

(2) A statement that application of the
sewage sludge to the land is prohibited
except in accordance with the
instructions on the label or information
sheet. '

(3) The annual whole sludge
application rate for the sewage sludge
that does not cause any of the annual
pollutant loading rates in Table 4 of
§ 503.13 to be exceeded.

1503.15 0peratJ0na1 ...ndarde­
pathogeM and vector attnlctlon NductIon.

(a) Pathogens-sewage sludge.
(1) The Class A pathogen

requirements in § 503.32(a) or the Class
B pathogen requirements and site
restrictions in § 503.32(b) shall be met
when built sewage sludge is applied to
agricultural land. forest. a p~blic con~ct
site. or a reclamation site•

. (2) The Class A pathogen ., '
requirements in § 503.32(a) shall be met
when bulk sewage sludge is applied to
a 18~'11 or a home garden.
- (3) The Class A pathogen
requirements in § 503.32(a) shall be met
when sewage sludge is sold or given
away in a bag or other container for
application to the land. ' '. ,

(b) Patho$ens-domestic septage. . ,
The requirements in either § 503.32

(e)(I) or (c)(2) shall be met when ',. '
domestic septage is applied to
agricultural land. forest. or a
reclamation site. ' , , '

(c) Vectorattroction reduction-

seCt)~u:fthev~~~a~et1~ ,
reduction requirements in § 503.33 ..
(b)(1) through (b)(19) shall be met when
built sewage sludge is applied to ' : ..
agricultural land. 'forest, a public contact
site, or a reclamation site.""" ' , . " ..

2.0
1.9

150
75
15

0.85
0.90

21
5.0
140

300
17
18

420
38

2800

Eq. (1)
0.0026

AAR=

ArHnIc _
Cadmium ..::•••__
ChRlmium __ ..
Copper ... _

LNCl

Men:uty ------Molybdenum ••_._._._ .
Nickel _ .Selenium _

ZInc

TABLE 3 OF § 503.13.-POWrrANT
CONceNTRATIONS-Continued

PCftum:lt

t DIy WGigIIl basis.

(4) Annual pollutant loading rates.

TABLE 4 OF §503.13.--ANNUAL
POLLUTANT lOADING RATES

(c) Domestic septage.
The annual application rate for

domestic septage applied to agricultural '
land. forest" orlrreclamation site shall "
not exceed the annual application rate
calculated using equation (1).

N

, __ ..." ". """""",,:c::::, I.8acI _

Mercury

MGIybdenum '-'-'NIckel _,,_••_._SelenIum _

ZInc

75
85

3000
4300

&40
57
75

420
100

7!iOO

TAELE 3 OF §503.13.-;-f'OLLUTAtIT
CONCENTRAT.K)NS

TAStE 2 OF §503.13.-CUPof.JLATlVE
, POlLUTANT LOADING RATES

lewaga sludge shall not exceed the
concentration for the pollutant in Table
3 of S503.13.

(4) IIsewage sludge u sold or given
away in • bag or other container for
application to the land. either: ,

(I) The conalntration of each .
pollutant in the sewage sludge shan not
exceed the concentration for the
pollutant In Table 3 of S503.13; or

(li) The product of the concentration
ofeach pollutant in the sewage sludge
and the annual who!:! sludge
applicaUon rate for the sewage sludge
shan not cause the annual poll:Jtant
loadIng rate for the pollutant in Table 4
ors 503.13 to be exceeded. The
procadure used to detennine the annual
whole sludge application rate is
ptlliMnted in appendix A of this part.

(b) Pollutant concentrations and
loading rales-sav.·age sludge.

(1) Ceiling concentrations.

TABlE 1 OF §503.13.-CElUNG
CoNCeNTRATIONS

, DIy MIght ball.

(2) Cumulative poll ""t loadin~
rates. Where:

AAR=Annual application rate In .gallo05 per
. acre per 365 day period. '

. N=Amount ofnitrogen in pounds per-acre
.per 365 day period needed by the aop

Curnulallve,eo~ or vegetation grown on the land.

~1ll1::etai8r-'- '5503.14 Uanagementpraetk:8a. ' .
-----~f--=-----=---- (a) Bulk sewage sludge sh~1l not be
Nur.lC ---.--_.._...... 41 applied to the land if it is likely t9
ColdMt'..rn--..- 39 adversely affect 8 threatened or
~....:=:::::: ~ endangered species listed under section
l.eId,_ 300 4 of the Endangered Species Act or its
Uon:ury 17 designated critical habitat.
~--_. ~... 18 (b) Bulk sewage sludge shall Dot be
~ •. ~~ applied to agricultural land. forest, a
2lnc -__ 2800 public contact site. or a reclamation site

that is Dooded, frozen. or snow-covered
(3) Pollutant concentrations. so that the bulk sewage sludge enters a

- wetland or other waters of the United
States, as defined in 40 CFR 122.2.
except as provided in a permit issued
pursuant to section 402 or 404 of the
CWA. , ...,.. ~. "

(c) Built sewage sludge shall not be
applied to agricultural land. forest. or a
reclamation site that is 10 meters or less
Cram waters of the United States. as
defined in 40 CFR 122.2, unless

A-6
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,-' .

(3) If the pollutant concentrations in
§ 503.13(b)(3), the Class A pathogen :
requirements inS503.32(a), and the
vector attraction reduction requirements
in either S503.33 (b)(9) or (b)(10) are

,1503.17. RecordkMplng. met when bulk sewage sludge is applied
.. (a) Sewage sludge. (ll The person who ..to agriculturelland, forest, a public
.prepares the sewage sludge in contact site, or a reclamation $ite:
§ 503.10(b)(1) or (e) shall develop the (i) The person who prepares the bulk
following information and shall retain sewage sludge shall develop the
the information for five years: following information and shal1~tain

(i)The concentration of each the information for five years.
pollutant listed in Table 3 of § 503.13 in (A) The concentration of each
the sewage sludge. pollutant listed in Table 3 of§ 503.13 in

(ii) The followin,g certiijcation the bulk sewage sludge.
statement: ' (B) The following certification

"I certify, under penalty of law, that the statement:
Class A pathogen requlrements inS 503.32(a1 " "I certify. under penalty of law. that the

- and the vector attraction reduction " pathogen requirements in S503.32(8) have
. requirement in .linsert one of the vector , been met This determination hal been made
attraction nKiuetion requirements in UDdermy direction and supervision in
S503.33(b)(1) through SS03.33(b)(8)) .haveaccordance with the system designed to
been met: This'detennination has been made 'ensure that qualified person~l properly
under my direction and supervision in gather and evaluete the information used to
accordance with the system designed to determine that the pathogen requirements
ensure that qualified personnel properly have been met I am aware that there are
gather and evaluate the information used to significant penalties for false certification
determine that the pathogen requirements including the possibility of fine and
and vector attraction reduction requirements imprisonment" .
have been met I am aware that there are .
significant penalijes for false certification (C) A description of how the pathogen
including the possibility offine and requirements in S503.32(a) are met.
imprisonment." (ii) The person who applies the bulk

(iii) A description of how the Class A sewage sludge shall develop the "
pathogen requiniments in § 503.32(a) are following inform~tion and shall retain

the information for five years.
m(i~) A description of how one of the (A) The following certification
vector attraction reduction requirements statement:
in'S 503.33 (b)(1) throulZh (b)(8) is met. "I certify. under penalty of law, that the

(2) The person who derives the management practices in S503.14 and the
material in § 503.10 (c)(1) or (f) shall vector attraction reduction requirement in
develop the follov.'ing information and (insert either 5503.33 (b)(9) or (b)(10)) have
shall retain the information for five "been met. This determination has been made

under my direction and supervision in
years: 'accordance with the system designed to

(i) The concentration of each ,ensure that qualified personnel properly
pollutant llsteain Table 3 of § 503013 in gather and evaluate the information used to
the material. determine that the management practices and

(ii) The following certification vector attraction reduction requirements have
statement: been mel I am aware that there are

"I ce~ify. und~rpenalty of law. that the significant penalties for false certification
Class A pathogen requirements in § 503.32(a) including fine and imprisonment"
and the vector attracHon reduction (B) .f\. description of how the
requin;ment in Ii.osert oo~ ofthe vector. management practices in § 503.14 are
attraction reduction requlnlments in S5~.33 met for each site on which bulk sewage
(b)(1)~ro~ (b)(8») have been met ThIS sludge is applied. . '. ,
d~ten~llnat1on has bee~ m~deunder my. {Cl A description of how the'vector
direction and superviSIon 1D accordance With, , . red' .
the system designed to ensure that qualified' ~~action uction requirements in
personnel properly gather and evaluete the either § 5~3.33n.»(9} or (b)(10) are met
'information used to determine that tha for each SIte on which bulk sewage

""path9gen .requiremen~ and the vector . sludge is applied. , .
attraction reduction requirements have been (4) If the pollutant concentrations in
mel I am aware that there are significant § 503.13(b)(3) and the Class B pathogen
pena.lt~e;; for false certi!icat~on includ!,ng the requirements in § 503.32(b) are met
posslblbty of fine and IDlpnsonment. when bulk sewage sludge is applied to

,(iii) A description of hew the Class A agricultural land, fo~t, a public contact
pathogen requirements in § 503.32(a) are site, or a reclamation site: '
met. (i) The p!Jrsonwho prepares the bulk '

(iv) A description of bow one of the sewage sludge shall develop the ' ,
vector attraction reduction requirements following information and shall retain'
in § 503.33 (b)(1) through (b)(B) is met. the information for five years:

Frequency

Once per year.

TABlE. 1 OF § 503.16.-FREQUENCY OF
MONITORING-lANO ApPUCATION

Amount of sewage
sludge' (metric tons per .

365 day per1od)

Greater than zero but
less than 290.

Equal to or greater than Once per quarter (four
290 but less than timOS per year).
1.500.

Equal to or greater than Once per 60 days (slx .
1.500 but less than times par year).
15.000.

Equal to or greater than Once per month (12
15.000. times per year).

. . , Either \tie amount of bulk sewage sludge applied
to the land or ttIe!lmount of aewage sludge received
by a person who Pf9P8res sewage sludge that Is
sold or given away In a bag or other container for
application to \tie land (dry weight basis).

(2) After the sewage sludge has been..
monitored for two years at the frequency
in Table 1 of § 503.16, the permitting
,authority may reduce the frequency of
monitoring for pollutant concentrations
and for the pathogen density
requirements in § 503.32 (a)(5)(ii) and
(a)(5)(iii), but in no case shall the
frequenq of monitoring be less than .,~"
once per year when sewage sludge is
applied to the land. ,

.(b) Domestic septage. Ifeither the
.pathogen requirements in § 503.32(c)(2)
or the vector attraction reduction
requirements in § 503.33(b){t2) are met
when domestic septage is applied to
agricultural land, forest, or a
reclamation site, each container of
domestic septage applied to the land'

t 503.16 Frequency of monitoring.
. (a) Sewage sludge. (1) The'frequency
,.otmonitoring for.the.pollutants listed in.

Table 1, Table 2, Table 3 and Table 4
of § 503.13; the pathogen density
requirements in § 503.32(a) and in
§ 503.32(b)(2) through (b)(4); and the
vector attraction reduction requirements
§ 503.33 (b)(1) through § 503.33(b)(8)
shall be the frequency in Table 1 of
§503.16.

'(2) One of the vector attraction shall be monitored for compliance with '
reduction requirements in § 503.33 those requirements. .. ..
(b)(1) through (b)(B) shall be met when (Approved by the Office of Management and'
bulk sewage sludge is appl~ed to a lawn ,~Budgetunder control number204D-0157)
or a home garden.

(3) One of the 'vector attraction
reduction requirements in § 503.33
(b)(1) through (b)(8) shall be met when .
sewage sludge is sold or given away in
a bag or other container for applicetion

".,J!J.c~e land.
(d) Vector attraction reduction­

domestic septage. The vector attraction
reduction requirements in
§ 503.33(b)(9), (b)(10), or (b)(12) shall be
met when domestic septage is applied to
agricultural land, forest, ora
reclamation site.

A-7
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(Al The concentration of e8C.~
FoUutant listed in Teble 3 of § 502.13 in
tho bulk 58WlIg9 sludge.

(B} The following certification
st~tement:

"I cc:1Ify W1'*. penalty of law, that t.'le
Cass 1'S palbcge:1 requirements in S503.32(b)
and the vce:t0l' attraction ntdudioc
~t l:t(inNrt one oHbe WJCklr
.ttntetlon reduction ntqUirements in S'503.33
(bX1) throuab (b)(a) 1£one ofthoto
nquIremonts !s metl have been met. nul .
dlltormlDlltio:1 has been mads under my
dlrectioD andaupervlslon In Icxoroance with
th. I)'Stom d.lsned to ensure that quailfied
poC'SOnnel properly ,;ather end tMIluate the
infon:Ul:kIn used to detmn1De that ths
pelhOSoltl fur.uin!meDIl land veetOZ' attmction
roducUonl"ll<luiramlllJts Ifapplicable) have
been milt. I am awaro thzt thllnl are
slpl!Icant ~lti.. b false cer.ificaUon
lncludlng l.Iw possIbility offiDe ad
ImprisoJJment...

(Cl A dasaiption ofhow the Class B
pathogen ntqulrements in § 503.3Z(b)
ltlltmet.

(0) When ODlt Dribe vector attnldion
• reduction rec;:uirements in § 503.33

(b){1) through (b)(8) is met. It description
of how the vector attraction redudion
~f:ementis met.

(ii) The person who applies tha bulk
s&wage slooS/t shaU develop !he
roUowing information and shan retain
the infonnation for fiw years.

(A) Tho following certification
slat,ment:

"I certify, under penalty of law, that the
rnanagancnt practice. In ! 503,14, the lite
restrldions in 5503.32(bXS}, and the vodor
at:ncUon nduction requirements in Unsert
eilhcrSS03.33 (b)(9) or (b){10), ifODe ofthose
'*}Ullemcnts ls milt} blve boen met for each
silo on which bulk sewage sludge is applied.
This determination hlIS been made under my
dl:"Cetion and supervision in acalrdance with
1h. system dasigned 10 ensure that qualified
persoDnol properly plber and evaluate the
lnror:natkln used 10 detennlne that the
managcment practices and site restrictions '
land tho vector attnlctioD reduction .
rcqulremcnts Ifapplicablel have been mel I
Ml IWa.ro that thera are significant penalties
for (.dse 't:crtIrlatlon iDcluding the
pc-sslbllIty of Me and Imprisonment."

(B) A description ofhow the ,:
mana~ent practices in S503.14 are
met for each site on which bulk sewage
sludge i. applied.

(C) A description ofhow the site
rest..ictions in S503.32(b)(S} are met for
each site on which bulle sewege sludge
is applied. .' .

(D) Wban the vector attraction
reduction requirement in either § 503.33
(bug) or (b~(13) is met, a description of
how the vector nttraclion reduction
niquirement is met.

(S) If~e requiJ1lClents in
S503.13(a)(Z){i} .re met when bull
sawage sludge is applied to agricultural

land, forest. a public contact site; "Or a
reclainationsite:

(i) Tne person who p:epa.'llS tha bulk
sewage sl~e sha.'l dev6Iap ths
foHowing inlonnation and shall retain
the information for five yelUS.

IA) The concentration of each
polluta:!t listeCl in Table 1 of § 503.13 in
the bulk sewage sludge.

(8) Tho following certification
statement:

"I certify, audsrpeualty onawa that'tho
pathogen requirements in linsart elthtn'
5 5O:l.32Ca} or § S03.32(b)J and the vector
attraction redw:tlon requirement in (insert
one of the vector attraction reduction
requirements in 5503.33 (b}(1) through (b)(8)
ifone or those requirements 11 mati have
bien mel. ThiI dSlermiDation has been made
UDder my dlnJctJon and IUpervillon in
accordance with the I,JItem deliped to
ensure iliat qualirMld personnel properly
sather lind ovaluata the informatioa.~ to
deterr.-Jne th8tiliepathogen requirements
(and vector attraction reduction
requirementsl have been meL 1am aware thlit
there ara signirlcant penalties lor false
certificatio.o inc:ludiIlg the possibility of fine
L"1d impriwnmeDL"

(C) A description of how the pathogen
requirements in either § 503.32 (a) or (b}
are met. •.

(D) When one of the vector attraction
requirements In S503.33 (b)fl) through
(b){8) is met, a'description ofhow the
vector attraction requirement is met.

(if} The person who applies the bulk
sewage sludge shaH develop the
following information, retain, !he
information in S503.17 (a){5){ii)(A)
through (a}(S)(ii)(G) indefinitely, and
retain the infonnation in § 503.11
(a)(5){ii}(H) through (a)(S)(ii}(M) for five

. years. . ,
(A) The location. by either"Street

address or latitude acd longitude. of
each site on. which bulk sewage-sludge
is applied.'
, (B) The number of hectares in each
site on which bulk sewage sludge is
applied.

(C) The date and time buIlt sewage
sludge is applied to each site. , '

(D) The cumulative amount of each
pollutant (i.e., kilograms) listed in Table
2 of § 503.1~ in the bulk sewage sludge
applied to each site, including the .
,amount in S503.12(e)(2){iii).

(E) The amount of seWage sludge (i.e.,
metric tons) applied to each site.

(F) The following certification
statement: . . .' " .

"I certify. under penahy of law. that the
requi,remenls to obtain information in

. S503.12Ie)(2) have been mel for each site on
whIch bulk sewage sludge Is applied. This
determination baa been made under my
direction and supervision in aa:ordance with
thllsystem designed to tIDSUI1l that qualified
personnel properly paber and lNatuate the
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in:cr.nllUcm used to dstonnil1e that the
r.."I.~in=!'D1lto cbtain iDfOlIDlltiol1 have been
m£L lam aW&nII that thfl!e are significant
penalt~ for false certification lncluding r...:lo
and Imprisonment."

(G) A description of how the
reauire:nents to obtain information in
§ 503.12'e}(2} 81"8 met.

(H} The fclJoVoing certification
statement:

... certify, wader penalty of Iaw,lbatlhe
II1IInl!aement pnctIon in §503.14 bve been
met for eech site 011 which bullr.lIlWBg8
sludge i. applied. 'IbiI detltl'lDiDition has
been made UDCicw my directioD and
aupervis!oD lD lKXCldance with the aystem
desigz:ed to ensure that qualified persoDnel
properly gather and ewluate the inlormatlon
used to determine that the management
pl'lldice$have baeD meL I am aWarlI that
there ani afgnlfic:ant penalties for fiIlse
c:ertJrJCatioD lDc:Iuding fiDe end
lmpriloDnleDL"

(I} A description ofhow the
management practices in § 503.14 are
met for each site on which bulk sewage
sludge issIJplied. . .'

(J) The fOllowing certification
statement when the bulk sewage sludge
meets the Class B pathogen .
requirements in § 503.32(b):

••• certify, under penalty of law, th~t the
site restriaioDi in S503.32(b)(5) bave been
met. This deter.nination has been made
under my direction and supervision in
aCC!l:dsnc:e with the system designed to
ensure that qualified personnel properly
pther IDd evaluate tIle information used to
determine that the site restrictions have been
meL I am aWarlI that there are lignt.'ic:ant
penalties w false certification Including line .
and Imprisonment."

(K) A description of how the site
restrictions in § SQ3.32(b)(5) are met for
each site on which Class B'bulk sewage
sludga is applied. .

(L} The following certification
statement when the vector attraction
recucHon requiremant ip either S503.33
(b}(9) C~ Co)(10) is met:

"I certify, under penalty of law. that the
vector attraction reduction requirement in
linsert either 5503.33(b){9} or S S03.33(b)(10))
has been meL This determination baa been
made under my direction and supervision in
aCCl:lfdance with the system designed to
ensure that'qualified personnel properly "
gather IIl1d evaluate thft information used to
detennine 'hat the YeCtor attractioD reduction
requiJement bas been met. I am aWllnl that :
there are lignificut penalties for raise ~ .
certification including the possibility or fiDe .
and imprisoumtmt." '.' '. .

(M) ICthe vector attraction reduction ...
requirements ill eiL~er§ 503.33 (b)(9) or .
(b)(10) 3J'8 met, t: description of how the
requirements are met. . . .

(6) Ifthe requirements in '. ,
§ S03.13(a)(4)(li) 81"8 met when sewage '
sludge is sold or given away in • bag or', ,
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. 'OlDer container for application to the
land. the person who prepares the
.-wage slUdge that is sold or given lIway

.- in. ba! or.other containershan develop
the fallowing iRfonnatioD and shall

,"retain the infonnationfor fiw years; .
. {ij Theammal whole tllndge
application1'8le for the sewage £ludge

" that does not cause the~ pollutant
. loading rates in Table ..off503.13 to
be 4lxceeded. .

{if) The concentration oreach
pollutant listed in Table .. of§503.13 in
the sewage sludge.

(iii) The following certification
statement:

·'1 certify.under pmalty of brw. that the
management practice in SS03.14{e). the Class
A·pathogen requinlmllnt in 5 503.32I1l1. and
the vector attraction zeduction nquinment
in (insert one of the.vector attraction
reduction TeqUirements in § 503.33 tl!)(1)
through (b)(8)J .have been metlIbis· .
determination bas been made UDder my
direction andsupelVisiODin~With
(he 'System deSigned to ensure that qualified
personnel properly gather BUd evaluate the
information used to determine that the
management practice, pathogen
requirements. and ¥ector attraction reduction
requirements have been met. 1am aware that
there are significant penalties for false
certification including the possibility of fine
and impriSOJ1JDBDt."

Uv) A description ofhow the Class A
pathogen requirements in § ~3.32(a) are
m~ "

(v) A description ofhow one of the
vector attraction requirements in
§ 503.33 (b)(1) through (b)(8) is met;

(b) Domestic septage. When domestic
septage is applied to agricultural land,
forest, or a reclamation site. the person
who applies the domestic septage shall
develop the following information and
shall retain the information for five
years: "

(1) The location. by either street
addrel1s or latitude and longitude. of
each site on which domestic $8ptage is
applied.

(2) The number ofacres in each site
on which domestic s£!ptage is applied.

(3) The date and lime domestic
septage is applied to each site. .

(4) The nitrogen requirement for the
crop or vegetation ·grown on each site
during a 365 d~y period.

(5) The rate. in gallons per 1lC'6 per
365 day period. at which domestic
septage is applied 10 each site.

(6) The following certification
statement: .

"I certify, under penalty anaw. that the
pathogen raquirements in Iinsert either
SS03.32(t:}{1} or SS03.32(c){2)) and the Wlctor
attraction.reduction requiremeIrtsin (insert
S503.33(b}{9). § S03.33(b)(10). or
SS03.33(b)(U)J have been met. This
determination bas been made UDder my

di~paDdsuper:visltm1D"~witb
the system designed to ensure that qualified
personnel properly~ath8rudevaluate the
infonbatioll uied to detmmina that the .
pathbgen requirements and vectorittractioD
zeductitm nqutnnosntJ have beenmet. f~
aware that there we Significant pemalties lor
false c.ertificBtioll iDcll1dYiathe JIOIdbilitJ of
fine. and imprisoDlDeDL" ..

(7J A description 1)f~ the·pathogen
requi~mentsin either § 503.33 ·(c)(I) or
(c)(2) are met.' "

(8)''/\ descriptioncofhow-the-vector
attraction"reduction requirements in
§ 503.33 (b)(9). (b)(10), or (b)(12) are
meL
(Approved by the Office oTM8D8gemtlDt aDd
Budget UDder c:oDtro1 munber~7)

t 503.11 ReportIng..
(a) Class I ~ludgemanagement

.facilities. POTWs (as defined in 40 CFR
501.2) with a design flow rate equal to
or greater than one milliOlrgallons per
day. and POTWs that serve 10.000
"people or more shall submit the
following information to the pennitting
authority: -

(1) The infonnation in § 503.17(a).
except the infonnation in § 503.11
(a)(3;(ii), (a)(4)(ii) and iV (a)(5)(ii). for
the eppropriate requireme.nts-on
February 19 ofilacb year.

(2) The infonnation in § 503.17
(a)(5)(ii)(A) through·(a){5)(m{G)()n
-(insert the month and day from the date
of publication of this rule! of each year
when 90 percent or more of any of the
cumulative pollutant loading rates in
Table 2 of § 503.13 is reached at a site.
IApproved by the Office ofManagement and
Budget under control =ber2040-0157)

A-9
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TABLE 2 OF §503.23.-POLlUTANT CON­
CENTRAnoNS-ACTIVE SEWAGE SL.UDGE
UNIT WITHOUT A LINER AND l.E.f.CHATE
COLLECTION SYSTEM THAT HAs A UNIT
BoUNDARY TO PROPERTY UNE. DI$­
TANCE LEss THAN 150 METERS .

Unit boundary 10 POIlulanl concentration I
properly IinI

Chf'o.Azsor.Ic mlum Nickel
DIslance (metllll) (~g)

(~) (~)

010 ... tt'.an2S 30 200 210
25 to 1e111tIIn 50 34 220 240
50 10 less 1tIIn 75 39 260 270
75 to less 1tIIn

100 46 300 320
100 10 less 1tIIn125 ____ 53 360 3go
125 10 IeSIIhIn

150 152 .50 .20

Pollutant

TABLE 1 OF §503.23.-POLlUTANT CON­
CENTRATl~ACTlVE SEWAGE SL.UDGE
UNIT WITHOUT A UNER AND lEACHATE
COlleCTION

(2) A description (',; '_Uif system used
to monitor for methane gas in the air in
any structures within the surface
disposal site·and in the air at the
property line of the surface disposal
site, as required in S503.24{j)(2).

(3) A discussion olhow public access
to the surfaca disposal site will be
restricted for three years after the last
sewage sludge unit in the surface
disposal site closes.

(d) The owner of a surface disposal
site shall provide written notification to
the subsequent owner of the site that
sewage sludge was placed on the land.

S503.23 Ponutant IImIta (other than
dom••tlc apta;.).

(a) Active sewage sludge unit without
a liner and leachate collection system.

(1)Except as prOvided in S503.23
(8)(2) and (b), the concentration of each
pollutant listed in Table 1 of § 503.23 in
sewage· sludge placed on an active
sewage sludge unit shall not excood the
concentration for the pollutant in Table
1 of § 503.23.

I Dry weight buiI.

(b) Activo sewage sludge unit without
a liner and leachate collection system­
site-specific limits.

(1) At the time of permit application,
the owner/operator of a surfaca disposal
site may request site-specific pollutant
limits in accordance with § 503.23(b)(2)
for an active sewage sludge unit without
a liner and leachate collection system
when the existing values for site
parameters specified by the permitting
authority are different from the values
for those parameters used to develop the
pollutant limits in Table 1 of § 503.23

Concentratlon and when the permitting authority .
(==~.determines that'site-specific pollutant

-----.....:..------if-......;.-~ limits are appropriate for the active
AtHnIc ._.___ 73 sewage sludge unit. f ch
Chromium 600· (2) The concentration 0 ea
Nickel ._ 420 pollutant listed in Table 1 of § 503.23 in
__________L.-___ sewage sludge placed on an active

I DIy weight basis. . sewage sludge unit without a liner and
leachate collection system shall not
exceed either the concentration for the
pollutant detennined during a site­
specific llSSllssment. as specified by the
pennitting authority, or the existing
concentration of the pollutant in the
sewage sludge, whichever is lower.

S503.24 Manlgement p,.ctIce••
(a) Sewage sludge shall not be placed

on an active sewage sludge unit if it is
likely to adversely affect a threatened or.
endangered species listed under section
• of the Endangered Species Act or its
designated critical habitat.. . .".

: (b) An activo sewage sludge unit shall
not restrict the now of a base nood. ..".

(c) When a surface disposal site is
located in a seismic impact zone. an
active sewage sludge unit shall be
designed to withstand the maximum
recorded horizontal ground level
acceleration. . "

(d) An active sewage sludge unit shall
be located 60 meters or more from a ..
fault that bas displacement in Holocene

(2) Except as provided in § 503.23(b),
the cbncemration of each pollutant
listed in Table 1 of § 503.23 in sewage
sludge placed on an active sewage
sludge unit whose boundary is less than
150 meters from the property line of the
surface disposal site shall not exceed
the concentration determined using the
following procedure. . "

(i) The actual distance from the active
sewage sludge unit boundary to the
property line of the surface disposal site
shall be determined.

(Ii) The concentration of each
pollutant listed in Table 2 of § 503.23 in
the sewage sludge"shall not exceed the
concentration ~n Table 2 of § 503.23 that
corresponds to the actual distance in
§ 503.23(a)(2){i). .

post-graduate degree in the natural
sciences~r enginooring who has
sufficient training and experience in
gTOund-water hydrology and related
fields, as may be demonstrated by State
registration, professional certification,
or completion ofaccredited university
programs, to make sound professional
Judgments regarding ground-water
monitoring, pollutant fate and transport.
and comtetlve action.

(m) Seismic impact zone is an area
that has a 10 percent or greater "
probablUty that the horizontal ground
lavelllccaleration of the rock in the area
exceeds 0.10 ~vity once in 250 years.

(n) Sewage Sludge unit is land on
, which only sewage sludge is placed for

final disposal. This does not include
land on whIch sewage sludge is either
stored or treated. Land does not include
waters of the United States, as defined
in 40 CFR 122.2.

(0) Sewage sludge unit boundaryis
the outennost perimeter of an active
:sewage sludge unit.

(p-) Surface disposal site is an area of
lana that contains one or more active
sewage sludge units.

(q) Unstali/e area is land subject to
nattiral or human-induced forces that
may damage the structural components
ofan active sewage sludge unit. This
includes, but is not limited to, land on
which thll soils are subject to mass
movement.

5S03.22 c;.nerll requIrements.
(a) No person shall placa sewage

sludge on an active sewage sludge unit
unless the requirements in this subpart
are met. ' ,

(b) An active sewage sludge unit
located within 60 meters of a fault that
has displacement in Holocene time;
located in an unstable area: or located
in • wetland. except as provided in a
pennit issued pursuant to section 402 of
the OYA, shall close by Unsert date one
year after the effective date of this Final
ruleJ. unless, in the case of an active
sewage sludge unit located within 60
metors or 8 fault that has displacement
in Holocene time, otherwise Specified
by the pennitting authority.

(c) The owner/operator of an activo
sewage sludge unit shall submit a
wrilten cloSU1'8 and post closure plan to "
the permitting authority 180 days prior
to tlia date that tho active sewage sludge
unit closes. The plllll shall describe how
the sewage sludge unit will be closed
and, at a minimum, shall include:

(1) A discussion of how the leachate
collection system will be operated lllld
maintalned for three years after the
sewage sludge unit closes if the sewage

.' sludge unit has a liner and leachate
collection system.

A-IO
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'~

TABlE 1 t)f SS0326.-fREOUENCY'OF
. .MoNfTOR!NG-SURFACE DISPO!W.

time. unless ·otherwisespecified by file .... protected·from1mY 1'88Sonably' ..... ,., .
permitting authority. anticipated adverse effects ofpollutants

(e) An active sewage sNdge unit shall in sew~e~ when crops are grown.
not be located.in lID unstable area. . .. U) Animala ShaIl notbePzed on.an

(I) An active sewage aludp 11Dit mill ·....active sewage sludge.unit, u.n1esa the .
not be located in • wetland;except as owrier/operator of~.n8ee-disposal
provided in a permit issued pursuant to site demoD5trate$ to the pemdttiDg .'. s-wr lien _butOncl.pef yMI'.

section 402 or 404 of the CWA. ' .uthority that through management ...-- 2QO.
(g)(l) Run-off~ an active sewage practices public health 1Uld the E_ to III~ -lien Ora pelqua".(lcuf

sludge writ shall be coDectedand shall environment are proteeted &om any ~ .... tNn -- peI)MI)..

be disposed in acoordance with reasQDSblyanticipated advene-effects-w EqulII to or grMWlhan Once peI«l-clayl'(llx
° NatiODBI Pollutant'Discharge 'pollutants'in'sewagesludge when'"'' .' . 1.!iOO bill....... · -times pelyM".

Elimination System permit animals 'are grazed. . ~OC:~geaWlhan Onclt per month \f2
requirements and any other applicable {m) Public access to a surface diaposal 15,000. . ',lIIMI1*YM'"
requirements. site shall be restricted for the perioCl that

t2) 'The run-off collection system for the surface disposal site contains _ 'Amount 01MW8~= ,placed on .an ...
an active sawagesludge unit shall have active sewage sludge unit and for three sewage 8Iuclgeunlt ( buls).
the capacity to handle run-offfrom.a 24-- years after the last active sewage 'Sludge .(2) After the sewage sludge has beaD
hour'. 25-year storm event. . ". unit in the surfacedis~aita~, 'monitored far two yeersiltthe freJquency ,

(h) The leachate collection system for (n)(l) Sewage sludgi p1af::ecl DD an' iJl T.able l.of§ 503.26. the jlI8lIDiUiDa
an active sewage sludge unit that has a active sewage sludge umt abia1l not authority may 1'8duce the Jieguency of
liner and leachate collection syst!!mcontaminateanaquifer.', monitoring for pollutant 'CODC8Dtrations

"shall be operated and'maintainedduring" ""(2) Results'-of-aground-water" """." and for the pathogen density ,
the period the sewage sludge unit is mODimriDg 'program dev810ped by a requirements in §S03.32 ta}{5J(ii)-8Dd
active and for three years after the qualified ground-water scientist or. ' (a)(5)(iii). but in no 'case shan the
sewage sludge unitdoses.. certification by-e qualified ground-water .&squency ofmonitoring be less than

(n Leachate from an active 5ewage scientist -shall be used to demonstrate once per~"Wbensewage sludge is
sludge unit that has alinerand leachate that sewage sludge placed on an active placed on an active sewage sludge unit.
collection system shan be collected end sewage sludge. unit'does not (b) Domestic septage. Ifthe vectm
shall be disposed in accordance with contaminate at} aquifer~ attraction reduction requirements in
the applicable zequirements-duriug the -IlS03':""'-"- I ....~_ § 503.33(b)(12) are met when ~omestic

. d the l..l~·t· acti ::11'£" ....__..on. -_...-- i I d' .peno sewage s uU15'" um IS \'e pathogens and vector dnletion reduction. septage space on an active sewage .-
and for three years after the $SWage sludge unit. each container of domestic., '
sludge unit closes. . (a) Pathog~n~~,wage sludge, (other,. . saptagS shall lie monitored for .

(j)(1) When a coyer is placed on an than domestic ~eptage).~ Class A compliance with those requirements.
active sew.age sludge unit. the path0ffu: reqUIrements m § 503.32(a) or (c) Air. Air in structures within •
concentration of metbaDe gas in air in one 0 the Class B pathogen surface disposal site and at the pmperty
any 1itrUcture within the surface requirements in S503.32 (bJ(%) lhrough line -althe -surface disposal.site Shallbe
disposal site shall~otexceed 25 percent ~)(4) shall be 'met ~en.sewage sludge monitored continuously for methane gas
of the lower explosive limit for methane 15 ~laced on lID active sewage.slndge .eluring the period that the-surface
gas during the period that the sewage UDlt. ~less tIl,l! vector~ction disposal site contains an -active 'sewage
sludge unit is active and the ~ductlon reqtnrement 1D § 503.33(bJ(1.1) sludge writ 'On which ,the SllWa,ge sludge

--....:- of methan ., at ISmet.' . d d ~ ""--- aftconcenu..uvn, e.gas 1D ~lI' (b) Vector.attraction reduction- IS covere an lor uu.,eyears . er a
~e property hoe ohhe surface -dispo~l sewage sludge(other: than domestic. sewage sludge um"t closes ~hen.amw ;
s!te.shall not exceed the l~erexpl~ve septage). One of the vector attraction cover isplaced on the .sewage sludge..
hmit for methanegas~~the ~nod reduction requiTements in 'S503.33 , (ApprovedbyThe:Qffk:e of·MBD8gement..nd
:that the .sewage sludge ~i11S active. (b)(1) thro~l. (b){11) -shall be metwben Budget undermntrol n.~ber ~_.57) ,

(2) When a final cover .IS placed on.a ~!>" • •
sewage sludge unlt at closure. the sewage -sludge 'IS ~laced on 1mEtive t 503.21 RacordkHplng.

t t ' f'~ •.. -sewage sludge UDlt. , :ludge ( th
concen ra Ion o. ~eUlane gas 1D lW'1D te) V-ectorattmction reduction-' Ca) When sewage -$1 '\0 er ,than
~y &truct~ w1thm the surface , domestic M!pta~.One of the ftctcr domestic saptage) is placed on an actiw .
disposal SIte shall ~ot exc!8d 25 percent ,attraction reduction requirement in sewage,sludge unit: . .
e! the lower explOSive nm1t for methane § 503.33 (b)(.g.) through (b)(12) shan be (1) The person :who propues the
gas lo.r thr~ years after the sewage _ met when -domestic -septage is placed1m sewage .shidge-sllall develop the
sludge UDlt closes and the concentration an active.sewagesJuds8 unit. fonowing information and.sl:aallmain .
of methane gas in air at the property line . the information 1mfiw years.
tJfthe sotface disposal site.shall not IS03.26 lftquencyofMOnflDdnJl. .' , (i) The concentratiQll.of.each
exceed the lower explosive limft for (a) Sewage sludge10therthtm . 'polluilint listed in T.b1e l.of S503.23.i1i
methane gas for three years after thil . tiomestic septage).··. .. the.se:wage Sludge when .the pollulant '..
sewage sludge unit -closes. unless (1) The frequency cif mOnitoring for concentratioDs in Table 1 of§.503.23 G8 ,

, otherwise specified by the permitting the pollutants inT.ab1es 1. end 2 of met." .'
authority. . . , , ,§503.23; the pathogen deRSl'"ty (iO The following alrtifi.cation. "

(k) A 1lJOdcrop, a feed -aop. -or a tiber mquirements in §S03.32(alaml in statement: ' ."
crop shaH- not be grown -on -an active § 503.32 (b)(2) through (b)(4ti.ad the ... certify. under penalty of Jaw. that tM
sewa,ge sludge unit. ,unless the f1W'I}er/ vector attraction teductioD nquiPements' pathogen requlremeDts iD liDRrt 5 503.32(1).
operator of the -surlace disposa15ita in S'503.33 (b){11thrGugh tb}(8-) for S503.32(b)(2). S503.32(b){3). or § li03.32(b)(4)
demonstnltes to 'the permittin.g authority sewage sludge placed OB -an .active when one of those requirementS 11 inetl aDd
that through management practices eewage slud8e 'unit man be the the vector attraction'TIldur:timi-ruquCremenu .
public health and the environment are freq~encyin Teble 1 of § 503.26. in linsert'ODe ofthe..,ectorllttnict!on

A-ll
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.... "

Subpart ~.thogen.a:\d Vector
AttractJon Reduction '

, ,

1503~ ,Bcope.:'::' ..',' ,
(a) This subpart contains the

requirements for a sewage sludge to be
classified either Class A or Class B with

~~~~~~~~t~'~~'~~;~ite"" , -
restrictions for larid em which 8 Class B
sewage sludge is applied.." :, ' . " '

(c) This subpart contains the pathogen
requireme!1ts.for dOJ:D8stic septage ,,

A-12

applied to agricultural land, forest, or 8

reclamation site.
(d) This subpart contains alternative

vector attraction reduction requirements
for sewage 8ludge that is applied to the
land or placed on a surface disposal site.

1503.31 SpecIIII deftnltlons.

(a) Aerobic digestion is the '
biochemical decomposition of organic
matter in sewage sludge into carbon
dioxide and water by microorganisms in'
the presence of air.

(b) Anaerobic digestion is the
biochemical decomposition of organic
matter in sewage sludge into methane
gas and carbon dioxide by ,
microorganisms in the absence of air.

(c) Density 01microorganisms is the
number of microorganisms per unit
mass of total solids (dry weight) in the
sewage sludge.

(d) Land with a high potential lor
public exposure is land that the public
uses frequently. This includes, but is
not limited to, a' public contact site and
a reclamation site located in a populated
area (e.g, a construction site located in
a city).

(e) Land with a low potential lor
public exposure is land that the public

, ' uses infrequently. This includes, but is
not limited to, agricultural land, forest,
and a reclamation site located in an
unpopulated area (e.g., a strip mine
located in a rural area).

(I) Pathogenic organisms are disease­
causing o~anisms.These include, but
are not limited to, certain bacteria,
protozoa, viruses, and viable helminth
ova.

(g) pH means the logarithm of the
reciprocal of the hydrogen ion
concentration.

, (h) Specific oxygen uptake'rote
(SOUR) is the mass of oxygen consumed
per unit time per unit mass of total ,
solids (dry weight basis) in the sewage
sludge.

(1) Total solids are the materials in
sewage sludge that remain as residue '
when the sewage sludge is dried at 103
to 105 degrees Celsius.•

(j) Unstabilized solids are organic ,
materials in sewage sludge that have not
been treated in either an aerobic or
anaerobic treatment p~eSs. ' ., ,

(k) Vector attraction is the '
characteristic of sewage sludge that :
attracts rodents, flies, mosquitos, or
other organisms cap~ble e-f.transpoiting
infectious agents. ,,,' .._ , _".o: ' , ,

(I) Volatile solids is ,the amount of the
total solids in sewagE! sludge lost when
the sewage sludge is combusted at 550
degrees Celsius in the presence of
excess air.
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Eq. (2)
131.700,000

D=

1503.32 Pllthogena., seconds•.but less than 30 minutes, the" .' determine whether the sewage sludge .'
(a) Sewage sludge-Class A. (1) The temperature and time period shall be contains enteric viruses.

requirement in § 503.32(a)(2) and the determined using equation (2).' (B) When the density of enteric
requirements in either § 503.32fa)(3), (D) When the percent solids of the, viruses in the sewage sludge prior to
(a)(4), (a)(5), (a)(I'), (a)(7), or (a)(8) shall ":'sewage sludge is less than seven . . pathogen treatment is less than one
be met for a sewage sludge to be percent; the temperature of the sewage Plaque-forming Unit per. four grams. of
classified Class '" with respect to sludge is 50 degrees Celsiusorhigber;·total solids (dry weight basis). the

.pathogens. 'andthe time period is 30 minu~esor . .' sewage sludge is Class A with respect to
(2) The Class A pathogen longer. the temperature and time period enteric viruses until the nexfmonitoring

requirements in § 503.32 (a)(3) through shall be determined using equation (3). episode for the sewage sludge.
(a)(8) shall be met either prior to (C) When the ~ensity of enteric

· meeting or at the·same·timethe vector 50.070.00.0~~. viruses in the sewage sludge'priotto
attraction reduction requirements in D= 100.1~ Eq. (3) pathogen treatment is equal to or greatsr
§ 503.33, except the vector attraction ~an one Plaque-forming Unit per four
reduction requirements in S503.33 grams of total solids (dry weight basis),
(b)(6) through (b)(8), are met. Where. the sewage sludge is Class A with

(3) Class A--Alternative 1. (i) Either r:=time in day~. . . respect to enteric viruses when the
the density of fecal coliform in the t-temperature In degrees CelSIUS. . .'density of enteric viruses in the sewage

· sewage sludge shall be less than 1000 (4) Class A-AlternaUve 2. (ilEither . ' sludge after pathogen treatment is less
Most Probable Number per gram of total the density of fecal coliform in the thanqne Plaque-forming Unit JM3r four
solids (dry weight basis). or the density sewage sludge shall be less.than 1000 grams oftotaf solids (dry weight basis)

.of Salmonella sp. bacteria in the sewage Most Probable Number per gram oftotal and when the values or raIlges of values
sludge shall be les~than'three Most e ..... solids (dry.weightba.sis),cr the density-~ for the operating parameters for the
Probable Number per four grams of total of Salmonella sp. bacteria in the sewage pathogen treatment process that
solids (dry weight basis) at the time the sludge shall be less than three Most produces the sewage sludge that meets
sewage sludge is used or disposed; at Probable Number per four grams of total the Bnteric virus density requirement
the time the sewage sludge is preplll-ed solids (dry weight basis) at the time the are documented.
for sale or give away in a bag or other sewaze sludge is used or disposed; at (0) After the enteric virus reduction
container for application to the land; or the time the sewage sludge is prepared in paragraph (a)(5)(ii)(C) of this section
at the time. the sewage sludge or for sale or give away in a bag or other' is demonstrated for the pathogen .,
material derived from sewage sludge is container for application to the land, or treatment process, the sewage sludge
prepared to meet the requirements in at the time the sewage sludge or. continues to be Class A with respect to
§ 503.10 (b), (e), (e). or (f). material derived from sewage sludge is enteric viruseS when the values for the

(ii)The temperature ofthe sewage . preparedto~meetthe,requirementsin' pathogen treatment process operating
sludge that i.s used or disposed shall be § 503.10 (b), (c), (e), or (f). parameters are consistent with the
maintllined at a specific value for a' (ii) (A) The pH of the sewage sludge values or ranges of values documented
period of time. . . that is used or disposed. shall be raised in~graph (a)(5)(ii)(C) of this section.

(A) When the percent solids of the to above 12 and shall remain above 12 (iii)(A) The sewage sludge shall be
sewage sludge is seven percent or for 72 hours. . analyzed prior to pathogen treatment to
higher. the temperature of the sewage (B) The temperature of the sewage determine whether the sewage sludge
sludge shall be 50 degrees Celsius or sludge shall be above 52 degrees Celsius contains viable helminth ova.
higher; the time period shall be 20 for 12 hours or longer during the period (B) When the density of viable
minutes or longer; and the temperature that the pH of the sewage sludge is helminth ova in the sewage sludge prior
and time period shall be determined above 12. to pathogen treatment is less than one
using equation (2l, except when small (C) At theend·of the 72 hour period per four grams of total solids (dry .

. .particles of sewage sludge are heated by during which the pH of the sewage' weight basis), the sewage sludge is Class
either warmed gases or an immiscible sludge is above 12, the sewage sludge. A with respect to viable helminth ova
liquid. shall be air dried to achieve a percent until the next monitoring episode for

solids in the sewage sludge greater than the sewage sludge.
50 percent. '. . (C) When the density of viable

(5) Class A-Alternative 3. (i) Either helminth ova in the sewage sludge prior
the density of fecal coliform in the to pathogen treatment is equal to or
sewage sludge shall be less than 1000 greater than one per foUr grams of total

Where. Most Probable Number per gram of total solids (dry weight 'basis), the sewage
·D=time in days. solids. (dry weight basis), or the density sludge is Class A with respect to viable
t:temperature in degrees Celsius. of Salmonella sp. bacteria in sewage helminth ova when the density of viable

(B) When the percent solids of the sludge shall be less than three Most helminth 'ova in .the sewage sludge after
sewage sludge is seven percent or higher .Probable Number per four grams oftotal' pathogen treatment is less than one per
and small particles of sewage sludge are solids (dry weight basis) at the time the four grams of total solids (dry weight
heated by either warmed gases or an '''''sewage sludge,is 'used or,disposed; at basis) and when the values or ranges of
immiscible liqUid. the temperature of the time the sewage sludge is prepared values for the operating parameters for
~e sewage sludge shall be 50 degrees for sale or give away in a bag or other the pathogen treatment process that .
Celsius or higher; the time period shall container for application to the land; or produces the sewage sludge that meets .
be 15 seconds or longer; and the at the time the sewage sludge or.. the viable helminth ova density
temperature and time period shaH be material derived from. sewage sludge is ~remeilt61'8 docUmented. .
d"etermined using equation (2). . prepared to meet the requirements in (D) After the viable helminth ova

(C) When the percent solids of the . . § 503.10 (b), (c).'(e). or (f). . reduction in paragraph (a){5)(iii)(C) of
sewage sludge is less than seven percent (ii) (A) The sewage sludge shall be this section is demonstrated for the .
and the time period is at least 15 analyzed prior to pathogen treatment to pathogen treatment prOCbss, the sew~ge

'.
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sludge continues to be Class A with
respect to viable helminth ova when the
values for the pathogen treatment
'procc" operating parameters are
consistent with the values or ranges of
values documented in paragraph
(I)(S)(iii)(C) of this section.

(6) Class A-Alternative 4. (i) Either
the density of fecal coliform in the
sewage sludge shall be less than 1000
Most Probable Number per gram of total
solida (dI:Y weight basis), or the density
of Salmonella sp. bacteria in the sewage
sludge shall be less than three Most
Probable Number per four grams of total
solids (dI:Y weight basis) at the time the
sewage sludge is used or disposed; at
L'lIt Ume the sewage sludge is prepared
for sale Ol' give away in • bag or other .
conlalner for application to the 18I1d; or
at the Ume the sewage sludge or
material derived from sewage sludge is
prepared to moot the requirements in
S503.10 (b), (e), (e). or (I).

(li) The density of enteric viruses in
the sewage sludge shall be less than one
Plaque-forming Unit J>8!' four grams of
total solids (dI:Y weight basis) at the time
the S8wage sludge is used or disposed;
at lbe time the sewage sludge is
prepared for sale or give away in a bag
or other container for application to the
land; or at the Ume the sawage sludge
or material derived from sewage sludge
is proptred to meet the requirements in
S503,10 (b), (e), (e), or (I), unless .
otherwbt aptK:ified by the permitting
authority.

(iii) The density of viable helminth
0\'8 in the sewage sludge shall be less
than one per four grams of total solids
(dry weight basis) at the time the sewage
sludge is usad or disposed; at the time
the sewage sludge is prepared for sale or
give away in a bag or other container for
application to the land; or at the time
the sewage sludge or materill1 derived
from sewage sludge is prepared to meet
the requirements in S503.10 (b), (c). (e).
or (3. unless otherwise specified by the
permitting autbDrity.

(7) Class A-Alternative s. (i) Either
the density of fecal coliform in the
sewage sludge shall be less than 1000
Motl Probable Number per gram of total
solids (dry weight basis). or the density
of Salmonella.lSp. bacteria in the sewage
sludge shall be less than three Most
Probable Number per four grams of total
solids (dry weight basis) at the time the
Slwage .ludge is used or disposed; at
the time the sewage sludge is prepared
lor salo or given away in. bag or other
container for application to the land; or
at the time the sewage sludge or
material derived from sewage sludge is
prepared to meet the requirements in
§ 503,10(b), (c), (e), or (0.

(ii) Sewage sludge that is used or
disposed shall be treated in one of the
Processes to Further Reduce Pathogens
described in ap~ndixB of this part.

(B) Class ~}Jternative 6. (i) Either
the density of feCal coliform in the
sewage sludge shall be less than 1000
Most Probable Number per gram of total
solids (dI:Y weight basis), or the density
of Salmonella. sp. bacteria in the sewage
sludge shall beless than three Most
Probable Number per four grams of total
solids (dry weight basis) at the time the
sewage sludge is used or disposed; at
the time the sewage sludge is prepared
for sale or given away in a bag or other
container for application to the land; or
at the time the sewage sludge or
material derived from sewage sludge is

. prepared to moot the requirements in
§ 503.10(b), (c), (e). or (f).

(ii) Sewage sludge that is used or
disposed shall be treated in a process
that is equivalent to a Process to Fu~er
Reduce Pathogens, as detennined by the
pennitting authority:

(b) Sewage sludge-class B. (1)(i) The
requirements in either § 503.32(b)(2),
(b)(3), or (b)(4) shall be met for a sewage
sludge to be clTtssified Class B with
respect to pathogens.· .

(if) The site restrictions in
§ 503.32(b)(S) shall be met when sewage
sludge that meets the Class B pathogen
requirements in § 503.32(b)(2), (b)(3), or
(b)(4) is applied to the land.

(2) Class B-Alternotive 1.
(i) Seven samples of the sewage

sludge shall be collected at the time the
sewage sludge is used or disposed.

(ii) The geometric mean ofthe density
of fecal coliform in the samples
collected in paragraph (b)(2)H) of this
section shall be less than either
2,000,000 Most Probable Number per
gram cftotal solids (dry weight basis) or
2,000.000 Colony Fonning Units per
gram oftotal solids (dry weight basis).
. (3) Class B-Alternative 2. Sewage
slu,dge that is used or disposed shall be
treated in cne of the Processes to
Significantly Reduce Pathogens
described in appendix B of this part.

(4) Class B-Alternative 3. Sewage
sludge that is used or disposed S~811 be..
treated in a process that is equiValent to
8 Process to Significantly Reduce ' .
Pathogens, al detennined by the
pennitting authority. .

(5) Site Restrictions. (i) Food crops
with harvested parts that touch the
sewage sludge/soil mixture and are
totally above the land surUlce shall not
be harvested f!lr"14 months after
application of sewa~e sludge. .'

(ii) Food crops Willi harvested parts
below the surface of the land shall not
be harvested for 20 months after
application of sewage sludge when the
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sewage sludge ~mains on the land
surface for four months or longer prior
to incorporation into the soil.

(iii) Food crops with harvested parts .
below the surface of the land shall not
be harvested for 3B months after
application of sewage sludge when the
sewage sludge remains on the land
surface for less than four months prior
to incorporation into the soil.

(iv) Food ctops, feed crops, and fiber
crops shall not be harvested for 30 days
after application of sewage sludge.•

(v) Ani.mals shall not be allowed to
graze on the land for 30 days after
application of sewage sludge.

(vi) Turf grown on land where sewage
sludge is applied shall not be harvested
for one year after application of the
sewage sludge when the harvested turf
is placed on either land with a high
potantial for pubHc exposure or a lawn;
unless otherwise specified by the
pennitting authority.

(vii) Public access to lapd with a high
potential for public exposure shall be
restricted for one year after applicaticn
of sewage sludge. '

("iii) Public access to land with a low
potential for public exposure shall be
restricted for 30 days after application of
sewage sludge.

(c) Domestic septage. (1) The site
restrictions. in § 503.32(b)(5) shall be
met when domestic septage is applied to
agricultural land, forest. or a
reclamation site; or

(2) The pH of domestic septage'
applied to agricultural land, forest. or a
reclamation site shall be raised to 12 or
higher by alkali addition and, without
the addition of more alkali. shall remain
at 12 or higher for 30 minutes and the
site rest.rictions in § 503.32 (b)(5)(i)
through (b)(5)(iv) shall be met.

t 503.33 vector attraetton reduction.
(8)(1) One of the vector'attraction

reduction requirements in § 503.3:1
(b)(l) through (b)(10) shall be met when
bulk sewage sludge is applied to
agrieulturalland. forest, a public contact
site, or a reclamation site.

(2) One of the vector attraction
reduction requirements in .§ 503.33
(b)(1) through (b)(B) shall be met when
bulk sewage sludge is applied to a lawn
or a home garden. .

'(3) One of the vector attraction .
reduction requirements in § 503.33 ",
(b)(1) through (b)(B) shall be met when
sewage sludge is sold or given away in
1\ bag or other container for ~pplication
to the land.

(4) One of the vector attraction .
reduCtion requirements in S503.33
(b)(l) throucl1 (b)(11) shall be met when , '
sewage sludge (other than domestic ,
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septage) is placed on an active sewage . (6) The pH of sewage sludge shall be
sludge unit. raised to 12 or higher by alkali addition

(5) One of the vector attraction .' and, without the addition of more alkali,
reduction .requirements in S503.33 shall remain at 12 or higher for two ..:,
(b)(9), (b)(10), 'or (b)(12) shall be met hours and then at 11.5 or higher for an
when domestic sepfage is applied to additional 22 hours. .
agricultural land, forest, or a (7) The percent solids of sewage
reclamation site and one of the vector sludge that does not contain
attractionrecluction requirements in unstabilized solids generated in a ..
S503.33 (b)(9) through (b)(12) shall be prj,mary wastewater treatment process
met when domestic-saptage.is placed,onc shall ~Jl'Qu!l1 toPr greater~.75.•.
an active sewage sludge unit. percent based on the moisture content

(b)(1) The mass of volatile solids in and total solids prior to mixing with
. d d b other materials.

the sewage sludge shall be re uce y (8) The percent solids ofS9W:3ea minimum of 38 percent (see
calculation procedures in sludge that contains unstabili solids
"Environmental RegUlations and generated in a primary wastewater
Technology-COntrol of Pathogens and treatment process shall be equal to or

Sl d' '. greater than.90 percent based on the
Vector Attraction in Sewage u ge " moisture content and total solids prior
EPA~2SIR-92/013,1992. U.S. 'to mixing with other materials.
Environmental Protection Agency. ( )(.)Sid h II be" ed
Cincinnati, Ohio 45268)~"" 9 lewage.su ge s a lDJect ~.'

below the surface of the land.
(2) When the. 38 percent volatile (ii) No significant amount of the

solids reduction requirement in . sewage sludge shall be present on the
§ 503.33(b)(1) cannot be met for an land surface within one hour after the
anaerobically digested sewage sludge. sewage sludge is injected.
vector attraction reduction can be (iii) When the sewage sludge that is
demonstrated by digesting a portion of injected below the surface of the land is
the previously digested sewage sludge Class A with respect to pathogens. the
anaerobically in the laboratory in a - sewage sludge shall be injected below
bench-scale unit for 40 additional days the land surface within eight hours after
at a temperature between 30 and 37 being discharged fr,gm the pathogen.
degrees Celsius. When at the end of the treatment process. ..
40 days. the volatile solids in the (10)(i) sewage sludge applied to the
sewage sludge at the beginning of that land surface or placed on a surface
period is reduced by less than 17 disposal site shall be incorporated into
percent. vector attraction reduction .is the soil within six hours after .
achieved. application to or placement on the land.

(3) When the 38 percent volatile - (ii) When sewage sludge that is ..
solids reduction requirement in incorporated into the soil is Class A
§ 503.33(b)(1) cannot be met for an with respect to pathogens. the sewage
aerobically digested sewage sludge. sludge shall be applied to or placed on
vector attraction reduction can be the land within eight hours after being.
demonstrated by digesting a portion of disc~arged from the pathogen treatment
the previously digested sewage sludge process. .
that has a percent solids oftwo percent (11) Sewage sludge placed on an
or less aerobically in the laboratory in active sewage sludge unit shall be
a ben~h·scale unit for 30 additional days ,covered with soil or other material at
at 20 degrees Celsius. When at the end the end of each operating day.
of the 30 days, the volatile solids in the (12) The PII of domestic seplage shall
sewage sludge at the beginning of that be raised to 12 or higher by alkali .
period is reduced by less than 15 addition and. without the.addition of
percent. vector attraction reduction is more alkali. shall remain at 12 or higher
achieved.' for 30 minutes.

(4) The specificexygen uptake rate
(SOUR) for sewage sludge treated in an
aerobic process shall be equal to or less
than 1'.5 milligrams,ofo.xjgen ,per, hour
per gram of total solids (dry weight
basis) at a temperature of 20 degrees
Celsius.

(5) Sewage sludge shall be treated in
an aerobic process for 14 days or longer.
During that time. the temperature of the
sewage sludge shall be higher than 40
degrees Celsius and the average
temperature of the sewage sludge shall
be higher then 45 degrees Celsius.
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SECTION ONE

:INTRODUCTION

On February 6, 1989, the, U.S. Environmental Protection Agency
(EPA) proposed Standards for the Use or Disposal of Sewage Sludge
(40 CFR Part 503) in the' Federal-Reg-ister (54"FR 57'46). Included
in those standards were pollutant limits for different .sewage
sludge use or disposal practices.

Several commenters on the proposed Standards for the Use or
Disposal of Sewage' Sludge recommended that some of the organic
pollutants for which pollutant limits were proposed be deleted from
the final standards. The main reason for this recommendation was
that the pollutants are either banned or restricted for use in the
united States.

Because of the comments received on the proposal; EPA decided
to evaluate all of the organic pollutants in the proposed p'art 503
standards for land application of ~ewage slu~ge and for placement
of sewage sludge on a surface disposal site to determine whether to
delete any of those pollutants from the final Part 503 standards.
This paper discusses the criteria the Agency used to evaluate each
~rganic pollutant; presents- the results of the evaluations; and
provides the Agency's conclusion about deleting organic pollutants
from the final Part 503 standards.

The Agency also evaluated the inorganic pollutants for surface
disposal for deletion from the final Part 503 regulation. This
paper presents the results of that evaluation and EPA's conclusions
about deleting inorganic pollutants from the surface disposal
sUbpart in the final Part 503 regUlation.
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SECTION TWO

ORGANIC POLLUTANTS - LAND APPLICATION AND SURFACE DISPOSAL

2.1 criteria for the Deletion of An organic Pollutant~

The Agency used three criteria,to evaluate whether to delete
an organic pollutant from the final Part 503 :regulation. For an
organic pollutant to be deleted from the, regulation for a
particular use or disposal practice; one of the following thr~e

criteria had to be satisfied.

1. The pollutant has '; been banned for use :in ,the United
states; has restricted use in the'united States; or is not
manufactured for use: in'thetJn.ited State~h

2~ Based on the results of the National Sewage Sludge Survey
(NSSS), the pollutant has a low percent detect in sewage
sludge.

3. Based on data from the. NSSS, the limit for an organic
pollutant in the Part 503 exposure assessment by use or
disposal practice is not expected to be exceeded:in sewage
sludge that is used or,odisposed~.·

The' evaluation for each of the organic pollutants for which
pollutant limits were published in the proposed Part 503 standards
using the above three criteria is presented below.

2.2 Evaluation

2.2.1 Introduction

The first step in the evaluation of organic ·pollutants.is to
identify the organic pollutants for which limits were proposed in
the February 6, 1989, proposal (54 FR 5746) for land application of
sewage sludge and for placement of sewage slUdge on a surface
disposal site. These pollutants are presented below in Table 1 by
use or disposal practice. '

Limits for organic pollutants also were proposed in Part 503
for distribution and marketing of sewage slUdge and, for sewage
s~udge placed on a monof;t.ll. The requirements for land app'lication
and distribution and marketing are combined in the final Part 503
regulation as are the requirements "'"for "p'±acement of sewage sludge
on a monofill and placement of sewage sludge on a surface disposal
site. For this reason, the organic pollutants presented below for
land application include the organic pollutants in' the proposal for
distribution and marketing and the organic pollutants for surface
disposal include the ,organic pollutants in the prop.osal for a
monofill.
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TABLE 1 - PART 503 ORGANIC POLLUTANTS BY USE OR DISPOSAL
PRACTICE

x
x
x
x
x

x
x
x
x
x

x

x

x
x
x
x
x
x
x
x
x
x

Use or Disposal Practice
LA SOPQllutant

Aldrin/dieldrin (total)
Benzene
Benzo(a)pyrene
Bis (2-ethylhexyl) phthalate
Chlordane
DDT/DOE/DOD (total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

LA land application
SO surface disposal

The next step is to evaluate each of the organic pollutants
using the above three criteria.

2.2.2 criterion 1

~he organic pollutants listed in Table 2 have been banned for
use ~n the united States; have restricted uses in the United
States; or are not manufactured for use in the United States ..
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TABLE 3 - PERCENT DETECT FOR ORGANIC POLLUTANTS

Pollutant

Aldrin/dieldrin (total)
Benzene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Chlordane
DDT/DOE/DOD (total)
Heptachlor

. Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls

'Toxaphene
Trichloroethylene

Number of
POTWs

177
178
178

.178-~"
177
177
177
178
178·
177
178
177
177
178

Percent
Detect*

8
o
3

63
o
3
o
o
o
o
o

19
o
1

* Estimated percent detect in sewage sludge used or disposed at
publicly owned treatment works nationwide. From "Statistical
Support Documentation for the 49 CFR Part 503 Final Standards for
the Use or Disposal of Sewage Sludge", Volume I, U. S. Environmental
Protection Agency, Washington, D~C., November 11, 1992. .

A review of the above information indicates that all of the
pollutants, except aldrin/dieldrin (total),
bis(2-ethylhexyl)phthalate, and polychlorinated biphenyls (PCBs),
satisfy criteria 2 for the deletion of an organic pollutant from
the final Part 503 standards because the pollutants have a low
percentage of detection (i.e., five percent or less) nationwide.
Aldrin/dieldrin (total), bis(2-ethylhexyl)phthalate, and PCBs do
not satisfy this criterion because they have a percent detect
.higher than five percent.

2.2.4 criterion 3

For the Criterion 3 evaluation, the 99th percentile
concentrations (see Table 7-11 in the report referenced in Table 4)
from the NSSS were compared to the pollutant limits from the final
Part 503 exposure assessment by use or disposal practice. For land
application, the comparison was made.by comparing annual po~lutant

loading rates. For surface disposal, pollutant concentrations from
the final Part 503 exposure assessment were compared to the 99th
percentile pollutant concentrations. .

The 99th percentile concentrations from the NSSS were
determined using the SM-ML procedure, except for
bis(2-ethylhexyl)phthalate. For bis(2-ethylhexyl)phthalate, the
MLE procedure was used to determine the 99th' percentile
concentration because the data for that pollutant appeared to be
distributed log normally. The 99th percentile concentrations are
presented in Table 4 and the comparisons using those concentrations
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TABLE 2 ORGANIC POLLUTANTS THAT HAVE BEEN BANNED, HAVE
~STRICTED USE, OR ARE NOT MANUFACTURED .'

pollutant

~drin/dieldrin (total)
Chlordane
DDT/DOE/DOD (total)
Heptachlor
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene

Reference

~

*
*
*
*
**40 CFR Part 761

*

"

* See "Suspended, Cancelled, and Restricted Pesticides, 20T::'1002,
u.s. Environmental Protection Agency, February 1990.

** See "1992 Directory of Chemical Producers", SRI International,
Menlo Par, California, 1992.

These eight pollutants satisfy the first criterion for
deletion of an organic pollutant-from the final Part 503 standards
for land application of sewage sludge and for placement of sewage
sludge on an active sewage slUdge unit.

2.2.3 criterion 2

The percent detect from the National Sewage Sludge survey
(NSSS) for each of the organic pollutants in the proposed Part 503
standards for land application of sewage sludge and for placement
of sewage sludge on an active sewage sludge unit is presented in
Table 3 •

.'
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are presented below.

" 'TABLE 4-99THPERCENTILE,CONCENTRATIONS

Pollutant units 99th Percentile Concentration*

Aldrin/dieldrin (totalJ,
Benzene
Benzo(a)pyrene
Bis(2-ethylhexyl) phthalate
Chlordane
DDT/DOE/DOD (total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

mg/kq""
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg"-_",,. ,
mg/kg
mg/kg
mg/kg
mg/kg

0.0,7~

7.0
43

1000
1.8
0.14
0.14

43
43

0.18'
210

9.1
7.4
7.0

* From "statistical Support Documentation for the 40 CFR, Part 503
Standards for the Use or Disposal of Sewage", Volume I, U. s.
Environmental Protection Agency, Washington, D.C., November 11,

, 19,92. Values are, on dryweightcbasis,-andare,"reported in two
significant figures. '

2.2.4.1' Land Application comparison

For the purpose of comparing annual pollutant loading rates
for land application, the annual whole sludge application rates in
Table 5, which are from the NSSS (see Attachment A), were used in
equation (1) below with the 99th percentile concentration from the
NS-SS to determine the calculated annual pollutant loading rates.
The comparisons of the calculated annual pollutant loading rates to
the annual pollutant loading rates from the Part 503 exposure
assessment are presented Tables 6 through 9.

TABLE 5 - ANNUAL WHOLE SLUDGE APPLICATION RATES

Type of Land

Agricultural
Forest
Public contact site
Reclamation site

Annual Whole Sludge Application Rate*

7
26
18
74

..
* Metric tons per hectare per 365 day period (dry weight

basis).
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APLR = C x AWSAR x 0.001 (1)

where,

APLR = Annual pollutant loading rate in kilograms per hectare
per 365 day period.

C = pollutant concentration in milligrams per kilograms
(dry weight basis).

AWSAR= Annual whole sludge application rate in metric tons per
. hectare p~r 365 day period (dry weight basis).

0.001 = A conversion factor.

Agricultural land:

TABLE 6 - COMPARISON OF ANNUAL LOADS FOR AGRICULTURAL LAND

Pollutant

Aldrin/dieldrin (total)
Benzo(a)pyrene
Chlordane .
DDT/DOE/DOD (total)
Heptachlor
Hexachlorob(..•zene
Hexachlorobutadiene
Lindane
N-Nitrosodim~~hylamine

Polychlorinated biphenyls
Toxaphene
Trichloroethylene

APLR (Exposure)
kg/ha/365

0.027
0.15
0.86
1.2
0.074
0.29
6.0
0.84
0.021
0.046
0.10

100

APLR (NSSS)
kg/ha/365

0.00051
0.30
0.012
0.00098
0.00098
0.30
0.30
0.0012
1.4
0.063
0.049
0.05

The ann~al pollutant loading rate for benzo(a}pyrene,
hexachlorobe~zene, N-Nitrosodimethylamine, and PCBs calculated
using the 99th percentil~concentrationfor each pollutant from the
NSSS and an annual whole sludge application rate of seven metric
tons per hectare per 365 day period is greater than the annual
pollutant loading rate for those pollutants from the Part 503
exposure ass.~!';sment. For this reason, those pollutants do not
satisfy Criterion 3 for application of sewage sludge to
agricultural land.
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Forest:

.TABLE 7 _. COMPARISON OF ANNPAL LOADS FO.R FORESTS

..

pollutant

Aldrin/dieldrin (total)
Benzo (a) pyrene
Chlordane
DDT/DDE/DDD(total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N...Nitrosodimethylamine., ._._ .....
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

APLR (Exposure)
kg/ha/365

0.027
0.15
0.86
1.2
0.074
0.29

.6.0
0"84

._.... _..__.9 • 021
0.046
0.10

100

APLR (NSSS)
kg/ha/.365

0.0019
1.1
0.046
0.0036
0.0036
1.1
1.1
0.0046
5.4
0.23
0.19
0.18

' ...•

The annual pollutant lOqding rate for benzo(a)pyrene,
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene
calculated using the 99th percentile concentration from the NSSS
and an annual" whole sludg.e...appl.i.c.at.ion rate ..of.2,6 metric tons per
hectare per 365 day period is greater than the annual pollutant
loading rate for those pollutants from the Part 503 exposure
assessment. For this reason, those pollutants do not satisfy
criterion 3 for application of sewage sludge to forests.

Public contact site:

TABLE 8 - COMPARISON OF ANNUAL·LOADS FOR PUBLIC CONTACT SITES"

pollutant

Aldrin/dieldrin (total)
Benzo(a)pyrene
Chlordane
DDT/DDE/DDD(total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

APLR (exposure)
"kg/ha/365

0.027..
0.15
0.86
1.2
0.074
0.29
6.0
0.84
0.021
0.046
0.10

100
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APLR (NSSS)
kg/ha/365

0.0013
0.77
0.032
0.0025
0.0025
0'~77

0.77
0.0032
3.7
0.16
0.12.
0.13'



The annual pollutant loading rate for benzo(a)pyrene,
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene
calculated using the 99th percentile concentration from the NSSS
and an annual whole sludge .applicationrate of 18 metric tons per
hectare per 365 day period exceeds the annual pollutant loading
rate for those pollutants from the Part 503 exposure assessment.
For this reason, those pollutants do not satisfy criterion 3 for
application. of sewage sludge to a pUblic contact site.

Reclamation site:

TABLE 9 - COMPARISON OF ANNUAL LOADS FOR RECLAMATION SITES

Pollutant

Aldrin/dieldrin (total)
Benzo(a)pyrene
Chlordane
DDT/DDE/DDD(total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

APLR (Exposure)
kg/ha/365

0.027
0.15
0.86
1.2
0.074
0.29
6.0
0.84
0.021
0.046
0.10

100

APLR (NSSS)
kg/ha/365

0.0054
3.1
0.13
0.010
0.010
3.1
3.1
0.013

15
0.67
0.54
Q.51

The annual pollutant loading rates for benzo(a)pyrene,
hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene
calculated using the 99th percentile concentration for each
pollutant from the NSSS and an annual whole sludge application rate
of 74 metric tons per hectare per 365 day period exceed the annual
pollutant loading rates for those pollutants from the Part 503
exposure assessment. For this reason, those pollutants do not
satisfy criterion 3 for application of sewage sludge to a
reclamation site. .

Annual pollutant loading rates for organic pollutants· are
included in the final Part 503 exposure assessment only for land
application of sewage sludge. Those rates are the same for all
types of land on which sewage sludge is applied. For this reason,
results of the above evaluation were combined to determine which
pollutants satisfy criterion 3 for land application of sewage
sludge. When this is done, the pollutants that do not satisfy
criterion 3 for land application of sewage sludge are
benzo(a)pyrene, hexachlorobenzene, N-Nitrosodimethylamine, PCBs,
and toxaphene. .
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Sewage sludge sold or given-away in a bag or other container for
application to the land (formerly distribution and' marketing):

The Part 503 exposure assessment contains ,limits for organic
pollutants for sewage sludge sold or given-away in a bag or other
container for application to the land. These limits are annual
pollutant loading rates.

Sewage sludge sold or given-away in a bag or other container
for application to the land may be applied to all types of land.
For this reason, the annual whole sludge application rates used to .
calculate the annual pollutant loading rates for the above land
application comparison,. also were used to calculate the annual
pollutant loading rates for sewage sl\ldgesold orgiven",",away ina
bag or other container for application to the land.

For the purpose' o·fcompar·ing- u annual po,llutant loading rates
for sewage sludge sold or given-away in a bag or other container
for application to the land, the highest annual whole sludge
application rate (i.e., 74 metric tons per hectare per 365 day
period) from the land application comparison was used in equation
(2) below along with the 99th percentile concentrations from the
NSSS to calculate annual pollutant loading rates. Results of the
comparison of the calculated annual pollutant loading rates to the
annual pollutant loading rates for sewage sludge sold or given-away
in a bag or other containerfor-'apJ;rl-ication'to the land' from the
Part 503 exposure assessment are presented in Table 10.

where,

APLR = C x AWSAR x 0.001 (2)

APLR = annual pollutant loading rate in kilograms per hectare
per 365 day period.

C = pollutant concentration in milligrams per kilogram of
sewage sludge (dry weight basis) .

AWSAR ~ annual whole sludge application rate in metric tons per
hectare per 365 day period (dry weight basis).

0.001 = a conversion factor.
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~ABLE 10 - COMPARISON OF ANNUAL LOADS FOR SEWAGE SLUDGE SOLD
OR GIVEN AWAY IN A BAG OR OTHER CONTAINER FOR
APPLICATION ~O THE LAND

Pollutant

Aldrin/dieldrin (total)
Benzo (a) pyrene
Chlordane
DDT/DOE/DOD (total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
Polychlorinated biphenyls
Toxaphene

APLR (Exposure)
kg/hectare/365

0.027
0.15
0.86
1.2
0.074
0.29
6.0
0.84
0.046
0.10

APLR (NSSS)
kg/hectare/365

0.0054
3.1
0.13
0.010
0.010
3.1
3.1
0.013
0.67
0.54

The annual pollutant loading rate calculated using the 99th
percentile concentration for benzo (a) pyrene, hexachlorobenzene,
PCBs, and toxaphene from the NSSS and an annual whole application
rate of 74 metric tons per hectare per 365 day period exceeds the
annual pollutant loading rate for those pollutants from the Part
503 exposure assessment. For this reason, those pollutants do not
satisfy Criterion 3 for sewage sludge sold or given away in a bag
or other container for application to the land.

2.2.4.2 Surface Disposal

For this disposal practice, the 99th percentile concentrations
from the NSSS were compared to the Part 503 pollutant
concentrations from the exposure assessment for an active sewage
slUdge un~t without a liner and leachate collection system. This
comparison is presented in Table 11.

:
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TABLE 11 - COMPARISON OF ORGANIC POLLUTANT CONCENTRATIONS FOR
SURFACE DISPOSAL

Pollutant
._Concentration*
Exposure - mg/kg

concentration
NSSS - mg/kg

Benzene
Benzo(a)pyrene
Bis(2-ethylhexyl)phthalate
Ghlordane
DDT/DOE/DOD (total)

.Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

140
>100,000
>100,000
>100,000
>100,000

28,000
0.088

110
26,000
9,500

7.0
43

1000
1.8
0.14
0.18

210
9.1
7.4
7.0

* Active sewage sludge unit without a liner and leachate
collection system.

N-Nitrosodimethylamine does .not satisfy criterion' 3 for
placement of sewage sludge on an,active sewage sludge unit because
the 99th percentile concentration for that pollutant from the NSSS
exceeds the concentration for that pollutant from the Part 503
exposure assessment., AlLaf...the.. ...Qther organic.pollutants for this
practice satisfy criterion 3.

2.3 Evaluation results

Following are the results of the evaluation of the ~rganic

pollutants for which pollutant limits were pUblished ~n the
proposed Part 503 standards to determine which of those pollutants,
if any, to delete from the final Part 503 standards:

o Eight of the organic pollutants for which pollutant limits
were pUblished in the proposed Part 503 regulation for land
application of sewage sludge and placement of sewage sludge on
a surface disposal site have been banned for use in the united
States; have. been restricted for use in the united States; or
are not manufactured in the United states. They are:
a1drin/dieldrin (total), chlordane, DDT/DOE/DOD (total),
heptachlor, lindane, N-Nitrosodimethylamine, polychlorinated
biphenyls, and toxaphene. These pollutants satisfy Criterion
1.

o The pe:t:'cent detect .. from .the NSSS, for the organic pollutants
for which limits were proposed for land application of sewage
sludge and placement of sewage sludge on a surface dispos~l

site are low (Le., five percent or less), except for
aldrin/dieldrin (total), bis(2-ethylhexyl)phthalate, and
polychlorinated biphenyls. . All of the other organic
pollutants for which limits were proposed satisfy Criterion 2.

B-1?



o With the exception of benzo (a) pyrene, hexachlorobenzene, N­
Nitrosodimethylamine, PCBs, and toxaphene, the annual
pollutant loading rate for the organic pollutants calculated
using the 99th percentile concentration for each pollutant
from the NSSS and an annual whole application rate from the
NSSS is below the Part 503 exposure assessment annual
pollutant loading rate for each organic pollutant for sewage
sludge applied to agricultural land, forest, a pUblic contact
site, or. a reclamation site. For land application of sewage
sludge, ,benzo (a) pyrene, hexachlorobenzene, N­
Nitrqsodimethylamine, PCBs, and toxaphene do not satisfy
criterion 3. .

o with the exception of benzo(a)pyrene, hexachlorobenzene,
PCBs, and toxaphene, the annual pollutant loading rate for the
organic pollutants calculated using the 99th percentile
concentration for each pollutant from'the NSSS and an annual
whole sludge application rate from the NSSS is below the final
Part 503 exposure assessment annual pollutant loading rate for
each organic pollutant for sewage sludge sold or given-away in
a bag ( other container for application to the land (formerly
distribution and marketing). For sewage sludge sold or given
away in a bag or ot.,her container, benzo(a)pyrene,
hexachlorobenzene, PCBs, and toxaphene do not satisfy
criterion 3.

o With : the exception of N-Nitrosodimethylamine, the 99th
percentile pollutant concentration from the NSSS is below the
Part 50~ exposure assessment concentration for each organic
polluta..~ in sewage sludge placed on an active sewage sludge
unit without a liner and leachate collection system. For this
practic N-Nitrosodimethylamine does not satisfy Criterion 3.

2.4 Conclusions

Based on the results of the above evaluations, the Agency is
deleting organic pollutants from the final Part 503 regulation, as
indicated below, for the appropriate use or disposal practice. EPA
concluded that because those organic pollut~nts satisfy one of the
three criteria discussed above, pUblic health and the environment
are protected from the reasonably anticipated adverse effects of
the organic pollutants in sewage sludge without establishing limits
for the pollut~nts in the final Part 503 regulation.

'.
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App1.ication to aqricu1.tural .land.· forest. a pUblic
contact site. or a reolamation site - pollutants deleted:

Criteria Met

1. and 3
·2
1., 2, and 3
2, .2, and 3
1., 2, and 3

·2
2..and 3
1., 2, and 3
1. and·2
1.
1. and 2
2 and 3

criteria Met

1. and 3
2
1., 2, and 3
1., 2, and 3
1., 2, and 3
2
2 and 3
1., 2, and 3

.1.
'1. and 2

Aldrin/dieldrin (total)
Benzo (a) pyrene
Chlordane
DDT/DDE/DDD(total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene·
Trichloroethylene

organic pollutant remaining: none.

Sewage sludge sold or given-away in a bag or other .container for
application to the landC former.ly distribut"ion and marketing)
pollutants deleted:

Pollutant

Pollutant

Aldrin/dieldrin (total)
Benzo(a)pyrene
Ch1.ordane
DDT/DDE/DDE (total)
Heptachlor
Hexachlorobenzene
Hexchlorobutadiene
Lindane
Polychlorinated biphenyls
Toxaphene

organic pollutants remaining: none

As indicated above, PCBs were deleted from the final Part 503
regulation for land application because criterion 1. is satisfied.
PCBs are restricted for use in the United States. They cap be used
~nly in closed syste~s and the disposal of PCBs is closely
regulated under the Toxic Substances Control Act (40 CFR Part 761) •

. Based on the results of the National Sewage Sludge Survey
(NSSS), PCBs did not satisfy Criterion 2. PCBs are estimated to be
detected in sewage sludge that is used or disposed at 19 percent of
the pUblicly owned treatment works nationwide. To satisfy
Criterion 2, the p~rcent detect had to be five percent or less.

PCBs also did not satisfy qriterion 3. If PCBs had been
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regulated, the pollutant limit for PCBs based on results of the
exposure assessment would be 0.046 kilograms per hectare per 365
day period. The annual pollutant loading rate, (APLR) delivered to
each hectare of land assuming a concentration of PCBs in the sewage
sludge equal to the 99th percentile concentration from the NSSS
(i.e., 9.1 milligrams per kilogram) and an annual whole sludge
application rate of 7, 18, 26, and 74 metric tons per hectare for
agricultural land, forest, a pUblic contact site, and a reclamation
site, respectively, would be 0.063, 0.16, 0.23, and 0.67 kilograms
per hectare, respectively.

For application to agricultural land, which is by far the most
widely used land for'application of sewage sludge, the above APLR
calculated using the 99th percentile PCB concentrat~on is higher
than the pollutant limit for PCBs that would have been in the final
Part 503 regulation by only 37 percent. The APLRs for the other
types of land are higher than the potential Part 503 APLR by larger
factors. However, this is mitigated by the fact that sewage sludge
only is applied to forest, a pUblic contact site, or a reclamation
site at most every three to five years. In the case of a
reclamation site, sewage sludge is applied to the site at most
three times during the period that the land is a reclamation site.

Another factor that mitigates the calculated APLRs is the use
of the 99th percentile concentration for PCBs from the NSSS to
calculate the APLRs. This concentration represents, to a large
extent, outlier values for PCBs and, therefore, is conservative.
If the more reasonable worst case 90th percentile concentration for
PCBs (i.e., 1.9 milligrams per kilogram) is used to calculate the
APLRs, the annual amounts delivered to a hectare of land are 0.013,
0.034, 0.049, and 0.14 kilograms for agricultural land, forest, a
pUblic contact site, and reclamation site, respectively. In this
case, the calculated APLRs for agricultural land and forest satisfy
criterion 3, the APLR for a public contact site is only slightly
higher than the exposure assessment value for PCBs (Le., .0.046
kilograms per hectare per 365· day period), and the APLR 'for a
reclamation site does not satisfy criterion 3.

EPA is committed to re-evaluate the decis~on not to regulate
PCBs in the final Part 503 regUlation during the next review of the
regulation (i.e., Round II). EPA expects the concentration of PCBs
in sewage sludge to continue to decrease. In addition, EPA will
re-evaluate the toxicity of PCB congeners tpro~gh use of a toxicity
equivalent factor system. Both of these factors will be considered
in Round II •

.'

.'
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Surface disposal - pollutant deleted:. ,

I

pollutant

Benzene
Benzo(a)pyrene
Bis' (2-ethyJ:hexyl) phtha':tate, .. "
Chlordane
DDT/DOE/DOD (total)
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene .

organic pollutants remainin~:

criteria Met

2 and 3
2 and 3

.. ~<~., ",", •. , "0'_< .,. .~",_,n_' 3 .
~, 2, and 3
~, 2, and 3
~, 2, and 3
~ and 2
~ and 3
~, 2, and 3
2 and 3

none'
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SECTION THREE

INORGANIC POLLUTANTS - SURFACE DISPOSAL

3.1 Xntroduction

After reviewing 'results"of ,·the, exposure,· assessment· for'surface
disposal, the Agency decided to evaluate the inorganic pollutants
to determine whether to include limits in the final p.art 503
regulation for all of the inorganic pollutants for which limits
were included in the proposed Part 503 regulation•. This evaluation
was done for both sewage sludge and domestic septage. Results the
evaluations and the Agency' sconclusions based on thoseresults are
presented below.

3.2 Evaluation - sewage Sludge .'_."

The evaluation to determine whether to include limits for
inorganic pollutants in sewage sludge placed on an active sewage
sludge unit in the final Part 503 regulation consisted of comparing
the limits from the Part 503 exp'osure assessment to the 99th
percentile concentration for a pdllutant from the NSSS. Results of
this comparison are present in Table 12.
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TABLE 12 - COMPARISON OF INORGANIC POLLUTANT CONCENTRATIONS
FOR SEWAGE SLUDGE

PQllutant
concentratipn concentra~ion Concentr~tion

(mg/kg) (mg/kg) (mg/kg)

Arsenic 75 73 >100,000
Cadmium 85 >100,000 >100,000
Chromium 1200 600 >100,000
Copper 4300 46,000 >100,000
Lead 840 >100,000 >100,000
Mercury 58 >100,000" >100,000
Nickel 420 699 >100,000

J. - From "statistical support Documentation tor the 40 CFR, Part
503 Final standards for the Use or Disposal of Sewage'sludge,
Volume I, U.S. Environmental Protection Agency, Washington,
D.C., November 11,1992. Pollutant concentrations are dry
weight 99th percentile concentrations.

2 - From P .t 503 exposure assessment for an active sewage sludge
unit without a liner and leachate collection system (dry
weight basis) - see technieal support document for the Part
503 surface disposal requirements.

3 - From Part 503 exposure assessment for an active sewage sludge
unit with a liner and leachate collection system (dry weight
basis) ..: see technical support document for the Part 503
surface iisposal requirements.

Results of the above comparison indicate that the 99th
percentile ~ ~lutant concentrations are much lower than the Part
503 exposure assessment concentrations for an active sewage sludge
unit without a liner and leachate collection system, except for
arsenic, chromium, and nickel. In the case of arsenic, chromium,
and nickel, the 99th percentile concentration is either higher than
or very close to the exposure assessment concentrations for those
pollutants.

The above results also indicate that t.he 99th percentile
pollutant concentrations are much lower than the Part 503 exposure
assessment concentrations for an active sewage sludge unit with a
liner and leachate collection system. In this case, all of the
99th percent51e concentrations are at least an order of magnitude
lower than th~ exposure assessment concentrations.

3.3 Evaluatiqn - Domestic septage

The evaluation to determine whether to include limits in the
final Part 50.3 regulation for inorganic pollutants in domestic
septage placed on an active sewage sludge unit consisted of
comparing the limit from the Part 503 exposure assessment for
sewage sludge placed on an active sewage sludge unit to the 98th
percentile concentration for a pollutant in domestic septage {see
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Attachment B). Results of this comparison are' presented in Table
13.

TABLE 13 - COMPARISON OF INORGANIC POLLUTANT CONCENTRATIONS FOR
DOMESTIC SEPTAGE

Pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Nickel

concentratipn
(mg/kg')

304

25
110

2600
100

0.91
50

concentrat~on

(mg/kg)

73
>100,000

600
46,000

>100,.,000
>100.,000.

690

'conc:::entra~ion
. C.mg/kg)

>100,000
>100,000
>100,000
>'100.,000
>100,000
>100,000
>100,000

1 - Concentration on a dry weight basis (see page 26 in Attachment
B) •

2 - From Part 503 exposure assessment for an active sewage sludge
unit without a liner and leachate collection system (dry
weight basis) - see the technical support document for the
Part 503 surfacedisposal~eguirements.

3 - From Part 503 exposure assessment for an active sewage sludge
unit with a liner and leachate collection system (dry weight
basis) - s'ee the technical support document for the Part 503
surface disposal requirements.

4 - Concentration is the minimum level value ,( i. e., highest
detection limit value) because arsenic was not detected in any
of, the collected domestic septage samples. '

Results of the above comparison indicate that the 98th
percentile pollutant concentrations are lower than the Part 503
exposure assessment concentrations for sew~ge sludge placed on an
active sewage sludge unit both with and without a liner and

, leachate collection system. The 98th percentile concentration that
is the closest to the Part 503 concentration is the value for
arsenic When . compared to the Part 503 exposure' a~sessment

concentration for an act~ve sewage sludge unit without a liner and
leachate collection system. As indicated in a footnote above,
arsenic was ndt'detected~inanY"of,thedomestic septage samples
collected and analyzed. The concentration for arsenic in the table
is the minimum level value (1. e., the highest detection limit) for
arsenic in the domestic septage samples collected and analy~ed.
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3.4 Conc1usions

3.4.1 Sewage S1udge

After comparing the 99th percentile concentrations to the Part
503 exposure assessment concentrations for an active sewage sludge
unit without a liner and leachate collection system, the Agency
concluded that limits only should be includea"in the final Part 503
regulation for arsenic, chromium, and nickel. Limits are not
needed in the final regulation to protect public health and the
environment from cadmium, copper, lead, and mercury in the sewage
sludge because the 99th percentile concentration is much lower than
the exposure assessment concentration for each of those pollutants.
In this case, the concentration of cadmium, coppe.r, lead, and
mercury in the sewage sludge is not expected to exceed the exposure
assessment concentration for those pollutants. consequently, there
are no pollutant limits for cadmium, copper, lead, and mercury in
the final Part 503 regulation for an active sewage sludge without
a liner and leachate collection system.

The Agency also concluded that no limits are needed in the
final Part 503 regulation for inorganic pollutants in sewage sludge
placed on an active sewage slud~e unit with a liner and leachate
collection system to protect pUblic health and the environment
because the 99th percentile concentrations are much lower than the
exposure assessment concentrations for the inorganic pollutants.
The concentration of each of the inorganic pollutants in sewage
sludge is not expected to exceed the exposure assessment
concentration for the pollutant. Consequently, there are 'no
pollutant limits in the final Part 503 regulation for sewage sludge
placed on an active sewage sludge unit with a liner and leachate
collection system.

3.4.2 Domestic Septage

After comparing the ~'8th percentile domestic septage
concentrations to the Part 503 exposure assessment concentrations
for an active sewage sludge unit both with and without a liner and
leachate collection, the Agency concluded that limits are not
needed in the final Part 503 regulation to protect pUblic health
and the environment from the reasonably anticipated of arsenic,
cadmium, chromium, copper, lead, mercury, and nickel in domestic
septage placed on an active sewage sludg~ u~it because the 98th
percentile concentrations are lower than the Part 503 exposure
assessment concentrations for those pollutants. In this case, the
concentration of each of those pollutants is not expected to exceed
the exposure assessment concentration for each pollutant.
Consequently, there are no limits for inorganic pollutants in the
final Part 503 regulation for domestic septage placed on either an
active sewage sludge without a liner and leachate collection system
or an active sewage sludge unit with a liner and leachate
coll~ction system•
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Date:

To:

From:

Re:

"MEMORANDUM

November 10, 1992

Bob Southworth, EPA

Anne Jones and Matt Murphy, ERG

Revised Mean Application Rates for Land Application

=========================================-========

We have calculated weighted mean application··rates for agricultural. land application,

land application to forest sites and public contact sites, and land reclamation. The following

methodology was used to derive these numbers.

First, we used the analytical survey rather than the larger questionnaire survey for the

following reason. A question on numbers of applications was critical to the calculation of

application rates. However, respoI\dents frequently, and fairly consistently, misinterpreted this

question. We made corrections (based on call backs) to the question on number of applications,

as well as to other questions that affected application rates, to many of the analytical survey

observations. Thus a larger proportion of the analytical survey had application rates based on

corrected data than the questionnaire survey. Because we had more confidence in a greater

proportion of data in the analytical questionnaire,..we.preferred to use this questionnaire.

Second, because of some remaining problems with the question on number of

applications we limited the number .of applications to 10, that is, we allowed this number to

range up to 10, but where any number exceeded 10, it was set to 10. This was felt to be a very

conseivatively high estimate of numbers of applications. We feel that, if anything, this

assumption would tend to somewhat overstate actual application rates in most cases.

Finally, we deleted one observation, which was a POlW practicing land reclamation.

1111s POlW was applying sewage sludge at over 1,600 dmt/ha: -The sewage sludge fails ceiling

concentrations, but even if it passed, it is highly unlikely that this application rate would be

allowed under Subpart B. The mean application rate shoWn in the following tables reflects the

deletion of this observation.

Attachment A
B-27



We then ran the Univariate Procedure in SAS to obtain the weighted means discussed

below and presented in the attached tables.

The results of this analysis are as follows: agricultural rates average about 7 drnt/ha;

rates at forest sites average' 26 dmt/ha; ratesat'public contact sifes average 19 dmt/ha; and rates

at reclamation sites average 74 drnt/ha, as shown in the attached tables.

.'

'.

-----------..'
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The SAS system " 11 :50 Tuesday, November 10, 19921

••• __ ••• _•• _••••• __ ._ •. __ ••••.•.• ~ .••••••.. _••••..••••...... NEWUSE=AG •••....................•...•••••.•.........••..••••••.•••.•.•

Univariate Procedure

Variable=MTHAYR
Weight= ANAL~WT

Moments

N
Mean
Std Dev
Skewness
USS
CV
T:Mean=O
Num "= 0
M(Sign)
Sgn Rank

87
6.768121
104.9951.

1117136
1551.318
0.601255

87
4'3.5
1914

Sum Wgts
Sum
Variance
Kurtosis
CSS
Std Mean
Pr>ITI
Num > 0
Pr>-IMI
Pr>=ISI

3691
24981.14
11023.97..
948061.1
11 .25665

0.5493
87

0.0001
0.0001

100% Max
75% 03
50% Med
25% 01

0% Min

Range
03·01
Mode

ouantiles(Def=5)

290 99'%
16.3666 95%
7.53312 90%
1.61424 10%

0.026904 5%
1%

289.9731
14.75236
0.026904

290
53.4717
43.719

0.13452
0.035872
0.026904

Lowest
0.02690410.026904
0.026904
0.035872
0.035872

Extremes

Obs Highest
401 53.4717(39 58.5162(
73 61.2066{
72 75.3312
71 290

Obs ,
19)
51)
5gt
25~

Missing Value
Count . 2
% Count/Nobs '2.25
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Variable=MTHAYR
Weight= ANAL_WT

Moments ouantiles(Def=5)

N 2 Sum Wgts 12 100% Max 33.63 99% 33.63

Mean 26.06325 Sum 312.759 75% 03 33.63 95% 33.63

Std Dev 26.21199 Variance' 68,7.0685 50% Med 26.06325 90% 33.63

, Skewness . Kurtosis . 25% 01 18.4965 10% 18.4965

USS 8838.584 CSS 687.0685 0% Min 18.4965 5% 18.4965

CV 100.5707 Std Mean 18.53468 1% 18.4965

T:Mean=O 1.406189 Pr>ITI 0.3935 Range 15.1335
Num "= 0 2 Num > 0 . 2 03·01 15.1335
M(Sign) 1 Pr>·IMI 0.5000 Mode 18.4965
Sgn Rank 1.5 Pr>=ISI 0.5000

Extremes

Lowest Obs Highe!lt Obs

'8 .•965\ ~l '6"9.i\ ~!
33.63

··· 33.63
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Univariate Procedure
Var1a:blea 'fifTHAYA
Weight- ANAL_Yrr

M,o,ment8

.
148541.6
36.74749

0.6224
11

0.0010
0.0010

245.8129
79.9273
55.1532

N
Mean
Std Dev
Skewness
USB
CV
T:Mean=O
NUIII A= 0
M(Sign)
Sgn Rank

11
16.67404
121.8776.
174346.9
652.6581
0.506172

11
5.5
33

SUI Wg4s 74'
SUII' 1361.87&
Variance' I 14654.16
Kurtosis
CSS
Std Mean
Pr>ITI
NUl > 0
Pr>-IMI
Pr>-ISI

100% Max
7:.3'r a3
50% Med
25% a1

0% Min

Range
a3·a1
Mode

Quantiles(Def=5)

. 6.194 99%
1.. oj .6552 . '95%
55.1532 90%
44.7279 10%
0.38114 5%

1%

246.194
246.194

230.2534
4.0356

0.38114
0.38114

Extrellles

Lowest Obs Highest Obsooa81141 111'020011I il4.0356 10 116.584
44.7279 9 124.6552
51.0055 8 230.253455.1532 4 246.194

Missing Value
Count
% Count/Nabs

.
2

15.38
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Univariate Procedure
Varlable=MTHAYR
Weight= ANAL_wr

Moments Quantiles(Def=5) ExtremesN 7 SUIll Wgts 17 100% Max 420.7113 99l1s 420.7113 Lowest Obs

71 :~~~ml
Obs

Mean 74.07916 SUIil 1259.346 75l1s 03 100.69 95% 420.7113 45

1 il
Std Dev 147.685 Variance 21869.97 505\; Med 65.9148 90lls 420.7113 45 6 65.9148

. Skewness . Kurtosis . 25% 01 45 105\;· 45 65.9148 5 65.9148USS 224511.1 CSS 131219.8 0% Min 45 5l1s 45 65.9148 4 100.89CV 199.631 Std Mean 55.89527 1% 45 65.9148 3 420.7113T:Mean-6 1.325321 Pr>ITI 0.2333 Range 375.7113Num A= a 7 Num > 0 7 Q3·01 55.89M(Sign) 3.5 Pr>-IMI 0.0156 Mode 65.9148Sgn Rank 14 Pr>=ISI 0.0156



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20400
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MEMORANDUM

Subject:

From:

To:

Through:

. .

Summary Statistics for EPA's Study on the Quality of Domestic Septage

Charles E. White, Statistician~
Statistical Analysis Section ~~.

Alan R'ubin, Chief .
Sludge Risk Assessment Branch

Henry D. Kahn, Chief t-t'i)t:­
Statistical Analysis Section

«

At your request, I will present and document summary statistics based on EPA's
Study on the Quality of Domestic Septage..".These, summarystatistics,willinc!ude., basic.
statistics on pollutants of concern, other requested pollutants, and the estimated relationship
between Total Kjeldahl Nitrogen and Ammonia. EPA's Study on the Quality of Domestic
Septage (1991) was conducted in order to support the development of hydraulic loading
rates for the land application of domestic septage under the 40 CPR Part 503 Final Rule for
Sewage Sludge Use or Disposal. This loading rate is intended. to be a protective and
affordable method for regulating the beneficial reuse of septage. Development of the
loading rate itself will not be discussed in this memo.

Results

There are two basic results from these analyses. First, truckloads ofdomestic septage
are not expected to contain pollutant conCentrations as high as could be found in sewage
sludge used or disposed from Publicly Owned Treatment Works that practice secondary or
better wastewater treatmenL Second, Total Kjeldahl Nitrogen is fo~d to be approximately
43% Ammonia in wet domestic septage.

Data

. Nine trucks delivering domestic septage to the Madison Metropolitan Sewerage
District (MMSD) in Madison, Wisconsin were, each sampled once•. Asseptage was being
discharged, a grab sample was collected and delivered to the MMSD Jab for splitting,
labeling, icing, and shipping ~ appropriate labs under contract to the. EPA Each
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independent sample was physically analyzed for 324 pollutants. Only data regarding
pollutants of concern and some data for pollutants that are also micro-nutrients will be
considered in this report. .

Physical Analytical Procedures

Physical analytical methods used here are the same-as those used for the National
~wage SlUdge Survey (NSSS), though some pollutants are reported differently. Individual
PCB aroclors were reported in the NSSS; total PCB aroclors are reported here. Aldrin and
Dieldrin were reported separately in the NSSS; the totals for Aldrin and Dieldrin are
reported here. Total Chlordane is reported in the NSSS; the alpha and gamma portions of
'chlordane are reported here. DDT, DDS, and DDD are reported separately in the NSSS;
totals for DDT, DDS, and DDD are reported here. Lindane is reported in the NSSS;
Lindane (G~a-BHC) is reported here.

Some pollutant concentrations were not measured above the"Minimum Level for the
particular pollutant. Minimum Levels are a form of "detection IiInit" used in physical
analytical methods developed for the Office of Science and Technology. Under contract,
each contractor lab must demonstrate that it is able to achieve the Minimum Levels stated
for the particular EPA method to be used. in general, a Minimum Level is defined as the
lowest concentration at which the physical analytical process can be-reliably cah"brated
Pollutant concentrations not measured above the Minimum Level· for a particular pollutant
are not reported; the Minimum Level is re.ported instead

Statistical Methods for Basic Summary Statistics .

Statistical analysis methods were primarily selected to estimate a concentration level
for each pollutant such that, under certain assumptions, "most" -septage concentrations" for
a particular pollutant will be below it's respective level, i.e., we are primarily estimating
percentiles. These methods will also be used to characterize both wet and dry weight
pollutant concentration measurements, mixed with "detection limits." Substitution and
:M;aximum Likelihood Methods will be used to estimate summary statistics. One overall
assumption of this study is that residential septage samples across the country follow
approximately the same probability distrIbutions for pollutant concentrations as those
distnDutions found in the area around Madison,. Wisconsin. Additional statistical
assumptions are discussed in the section on the Substitution Method, in the section on the
Maximum Likelihood Method for estimating summary statistics in. the presence of censored,
or "non-detect," data and in the section on estimating the relationship between Ammonia
and Total Kjeldahl Nitrogen.

DIy Wei~t Conversion

Physical analyses were conducted on liquid septage samples. However, both because
pollutan~ are assumed to be concentrated in~<.the solid phase of the septage sample and
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because pollutants were reported this Way in the NSSS, a dry weight conversion is also used
in presentation of these data: More detailed discussion of the reasons for dry weight
conversion and analyses in support of this practice are presented in the Statistical Support
Document for the 4(JCFR-Pan 503 Fintil Rule for Sewage-Sludge Use orDisposal. Conversion
of a concen~tion reported in ug/l is illustrated below:

Let: Pollutant Concentratian·.for Sample. i.;:::'c%lcl1gl1
Solids Concentration for Sample i =Yl mg/l

Substitution Methods

The substitution methods used here make no assumptions about the probability
distnbutions of the pollutant con~ntration data, but they do make assumptions about the
concentration of pollutants in samples where pollutants could not be measured above their
"detection limit." -The first of two substitution- -methods· used assumes that pollutant
concentrations, in samples where pollutants could not be 'measured, are at the "detection
limit." The second substitution method assumes that pollutant concentrations, in samples
where pollutants could not be measured, are zero. Together, these two substitution methods
giVe a kind of upper and lower bound on non-parametric summary statistics for pollutant
concentrations in septage. .More detailed discussion of these methods and the reasons for
their selection are presented in the Statistical Support IJocu,-nent for the 40 CFR Part 503
Final Rule for Sewage Sludge Use or Disposal. •

Tables of wet weight summary statistics developed using these substitution methods
are presented on pages 13 through 23 and tables of dry weight summary statistics developed
using these substi~tionmethods are presented on pages 27 through 36.

-,

Maximum Likelihood Estimation

The maximum likelihood estimation (MLE) procedl:U'e used here assumes pollutant
concentrations are approximately lognormal in probability distnbution. When this
assumption is true, estimates produced using this procedure will be more efficient than those
produced without assumptions about probabil!~_distributions. The procedure uses sample
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size, measured pollutant concentrations, and the range of possible values for "detection limit"
data in order to pick optimum estimates for the log mean and log variance of a two
parameter lognormal distnbution. If the assumption of a lognormal distnbution is not
closely approximated, this procedure is expected to produce good estimates for upper
percentiles while the mean and variance estimates may not be optimal.

The two parameter lognormal distrIbution is fully descn"bed by the log mean and log
variance, or the mean and standard deviation. Any desired summary statistic can be
calculated using an appropriate pair of sufficient statistics. More detailed discussion of this
method and the reasons why it was selected are presented in Statistical Support Document
for the 40 CFR Part 503 Final Rule for Sewage Sludge Use or Disposal (1992).

In order to assess the quality of the MLEs, cumulative probability distnbutions were
plotted for both the wet and dIy weight distnbutions. Each plot shows the estimated
cumulative distnbution for all three estimation methods. The substitution methods are
filustfated with points for each observation. The probability plotting position for each point
is determined by a ranking procedure developed by Blom. The line indicating the estimated
lognormal distnbution is a plot of the 10th through 90th percentiles. These plots do not
indicate any obvious deviations from the assumption that the pollutant concentration data
are approximately lognormal in distrIbution. •These plots are presented in the appendix.

Tables for wet weight summary statistics are presented on pages 10 through 12 and
tables for dIy weight summary statistics ar~ presented on pages 24 through 26. Pollutants
measured above their sample specific Minimum Level, or "detection limit," one time or less
are not included in these tables as it is not possible to obtain MLEs under those conditions..

Note that truckloads of domestic septage are not expected to contain pollutant
concentrations as high as could be found in sewage sludge used or disposed from Publicly
Owned Treatment Works that practice secondary or better waStewater treatment. This
statement is based on the previously mentioned distrIbutional assumptions of the MLE
estimation procedure and the additional assumption that domestic septage trucks across the
country have approximately the same probability distrIbution for pollutant concentrations as
domestic septage in trucks found in the area around Madison, Wisconsin. This result is
found by comparing the 98th percentile estimates from the National Sewage Sludge Survey,
presented in Statistical Support Documentation for the 40 CFR, Part 503 Final Standards for
the Use orDisposal ofSewage Sludge (1992), to 98th percentile estimates developed here for
dry weight concentrations of septage. .

'.

Statistical Methods Cor Estimating the Relationship Between Ammonia & TKN

Ammonia is the constituent of Total Kjeldahl Nitrogen (TKN) that is immediately
available for plant uptake. Over time, Total Kjeldahl Nitrogen is expected to completely
break: down into Ammonia. The purpose of this analysis is to assist in determining an
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Relation of Total Kjeldahl Nitrogen to Ammonia:appropriate hydraulic loading rate for
domestic septage ,that allows sufficient
nitrogen for crop growth while not allowing
for so mucli nitrogen. that crop -growth ..
would be adversely affected. The loading
rate itself will be estimated in another
document.
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The observed relationship between
the Ammonia and the Total Kjeldahl
Nitrogen data indicates, as expected, that
both pollutants increase together. A
statistical model was fit· to these data that
assumes the concentration of Ammonia is
zero when th~' concentration'''ofTKN' is--··<o ,,-._-~

zero, that the Ammonia concentration will: 10

increase in a linear fashion as TKN
increases, that the Ammonia concentrations
about that line are approximately normal in
distnbution, and' that the deviations from « Units are "'9/1

that line are independent and identically
distnbuted. Under these assumptioIlS;,
Total' Kjeldahl Nitrogen is approximately ~3% Ammonia in wet' domestic septage.

Evaluation of
Assumptions

Analysis of Variance

~of ..."
SOUrce DF ~rea ~re F V.lue P,..F

'Model 1 3785.12042 3785.12042 9;806 0.0166
Error 7 27'02.12438 3I56.01m
C Toul a 6487.24480

Root MSC 19.64733 .-~re 0.5835
Dep Me." 42.72000 Adj R-se; 0.5240
C.Y. 45.99095

P.r...t.r Elti..tea

Par.-eter Standlirct T for KO:
Variable DF Elti_t. Error P.r_t•...o 'Prob> ITI

IMTERCEP 1 6.292426 13.34986889 0.471 0.6517
TICJI 1 0.377705 0.12061931 3.131 0.0166

Variable
V.rieble DF Label

INTERCEP 1 Intercept
TO 1 Tot.l ~jeldlhl Nitrogen

FQr the
assumption that the
concentration of
Ammonia is zero
.w hen the
concentration of TKN
is zero, a model was
fit that estimated a
non-;Lero constant
when TKN is zero and
a hypothesis teSt was
conducted that failed
to reject the
hypothesis that the
con s tan twa. 5

statistically different
than zero. The
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Analysis of Va,.i.nce

sua of MHn
DF ~,... ~,.e F Value

1 20124.34510 20124.34510 57.748
! 2787.88530 348.48566
9 22912.23040

'a,...ete,. Esti..tea

Analysis of Variance
table for this model
indicates that the
intercept term is not
statistically significant
at the 0.05 level. The
significance test used
is robust to many
departures from
assumptions.

Source

Model
Erro,.
U Total

RootMSC
Dep Mean
c.v.

18.66777
42.72000
43.69797

R-squa,.e
Adj R·sq

0.8783
0.8631

P,.ob>F

0.0001

that
are

0.0001

P,.ob> IT:
7.599

the assumption
from the line

T for HO:
Par8lleter=O

Standarde,.,.o,.
0.05622Z61

For
deviations

For the assumption that
Ammonia concentrations about that line
are approximately normal in
distnbution, the Shapiro-Wille test for
the normal distrIbution fails to reject the
hypoth~sis that the residuals from the
fitted line come from a normal
distnbution. Residuals are the
arithmetic difference between the
observed concentration of Ammonia at
a particular TKN concentration and the
Ammonia concentration predicted by
the statistical modeL Further evidence
is that the plot of the residuals versus
their expected position in a normal
distrIbution, a normal scores plot, is
approximately linear.

"

0.427247

Va";able
L.cel

1 Total Kjeldahl Nitrogen

20

Variable DF

TIOC

TIOC

Va,.iable DF

o 10

Il~
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Relation of Totol Kjeldahl Nitrogen to Ammonia:
Normal ScO"~ -lot 01R~ (tafft lll:9rn:sion

lkIlis arc fftq/l

For the
assumption of
linearity, both the
Analysis of Variance
table for the model
with an intercept term
and for the L...Aiel
without an intercept
term indicate that a
statistically significant linear relationship exists between Ammonia and TKN. Again, the

significance test used is robust to many
departures from assumptions.
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independent, the physical process of sampling from different truck loads of septage would
tend to make the sample results independent. '

For the assumption that deviations from the line are identicalIydistnbuted, the plot
of residuals versus observed Ammoma values does not appear to indicate strong deviation .
from this assumption.

Relation of Total Kjeldahl Nitrogen to Ammonia:
Aeidual. v_sus 0bMfWd VoIun

o

20

o at

A., 10
~ 0
i
d
u
a 0
I 0

0

-10

0
0

-20 0

-30

0 10 20 30 ~ !SO 10 70 eo 90 100

-"a

Unit~ arw "'9/1
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Wet Weight concentrations of Pollutants in Septage:
SU.Jllln~lry statistics troll H,axi.u. Likelihoo,d Estimation

Sallple Lo'eJ Lo'9Pollutant .units size Non-Detect Mean Variance
ALDRIN/DIELDRIN (TOTAL) ·UG/L 9 7 I -4.872 15.2471AMMONIA (AS H) MG/L 9 0 3.231 2.5560CADMIUM UG/L 9 6 1.207 1.1385CHROMIUM UG/L 9 1 3.494 0.888~COPPER UG/L 9 0 5.373 1.8551DDT, DDE, DDD(TOTAL) UG/L 9 7 -2.783 6.1436LEAD UG/L 9 6 3.642 0.5873 .LINDANE (GAMMA-BHC) UG/L 9 7 -2.360 0.2981MERCURY UG/L 9 4 -1. 348 2.7855

'\ NICKEL UG/L 9 4 3.747 0.3319, NITRATE+NITRITE (AS N) MG/L 9 2 -1.345 1.0699PERCENT SOLIDS , 9 0 -0.488 2.8024t:l:l SELENIUM UG/L 9 7 0.442 5.4810I

TOTAL KJELDAHL NITROGEN MG/L 9 . 0 "

4.284 0.9236
~
0

TOTAL PHOSPHOROUS MG/L 9 0 2.960 1.2521ZINC UG/L 9 0 7.806 2.1128

.~

-,
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wet weight Conc.entrations of Pollutants in septage:
Summary statist~cs from Maximu~ Likelihood Es.timation

Standard Coefficient
Deviation of Standard of

pollutant units Mean' the Mean Deviation variation
:

ALDRIN/DIELDRIN (TOTAL) UG/L 15.7000 10700.000 32100.000 2050.0000

.AMMONIA (AS N) MG/L 90.8000 . 104.0000 313.0000 3.4500

CADMIUM UG/L 5.9100 2.8700 8.6100 1.4600

CHROMIUM UG/L 51.3000 20.5000 61.4000 1.2000

COPPER UG/L 545.0000 422.0000 1270.0000 2.3200

DDT,DDE,DDD(TOTAL) UG/L 1.3300 9.5900 28.8000 21.6000

LEAD UG/L 51.2000 15.3000 45.8000 0.8940

LINDANE (GAMMA-BHC) UG/L 0.1100 0.0215 0.0646 0.5890

MERCURY UG/L 1.0500 1. 3600 4.0800 3.9000

NICKEL UG/L 50.0000 10.5000 31.4000 0.6270

NITRATE+NITRITE (AS N) MG/L 0.4450 0.2050 0.6160 1. 3800

PERCENT SOLIDS , 2.4900. 3.2700 . 9.8100 3.9300

ttl SELENIUM UG/L 24.1000 1a4.0000
..

373.0000 15.5000
I
~ TOTAL RJELDAHL NITROGEN . MG/L 115.0000 47.3000 142.0000 1.2300
~

TOTA~ PHOSPHOROUS MG/L 36.1000 19 ..0000 57.0000 1.5800

ZINC UG/L 7060.0000 6350.0000 19000.000 2.7000

.-
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Wet Weight Concentratiolns of Pollutants in septage:
Suuary statistics troll HaxilllulI Likeliho,od Estimation

.
I 90th 95th 98thPollutant units Median Percentile Percentile Percentile

ALDRIN/DIELDRIN (TOTAL) UG/L 0.0077 1.1600 : 4.7200 23.4000
AMMONIA (AS N) MG/L 25.3000 197.('000 351.0000 676.0000CADMIUM UG/L 3. ~oo. 13.~JOO 19.3000 30.0000.. CHROMIUM • I UG/L· 32.9000 111.0000 155.0000 228.0000
COPPER UG/L 216.0000 1240.0000 2030.0000' 3540.0000
DDT,DDE,DDD(TOTAL) UG/L 0.0619 1.4900 3.6500 10.1000
LEAD UG/L 38.2000 102.0000 135.0000 184.0000
LINDANE (GAMMA-BHC) UG/L 0.0944 0.1900 0.2320 0.2900
MERCURY UG/L 0.2600 2.2200 4.0400 8.0200
NICKEL UG/L 42.4000 88.9000 109.0000 138.0000
NITRATE+NITRITE (AS N) MG/L 0.2610 0.9840 1.4300 2.1800
PERCENT SOLIDS , 0.6140 5.2800 9.6400 19.1000
SELENIUM UG/L 1.5600 31.5000 '73.2000 191.0000bj TOTAL KJELDAHL NITROGEN MG/L 72.5000 249.0000 " 352.0000 523.0000I

01:>-
TOTA~ PHOSPHOROUS MG/L 19.3000 81.3000 122.0000 192.0000.1:-,)

ZINC· UG/L 2460.0000 15900.000 26800.000 48700.000

~



standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation

SM-ML 0.4480 0.2660 0.7980 178.0
8M-0 0.3610 0.2800 0.8400 232.0

:

Minimum

0.1000
0.0000

Median Maxi.um

0.1000 2.500
0.0000 2.500

t;t:l
e

,

_____----~------ pollutant-ALPHA-CHLORDANE -- Sample Size=9 -- Units=UG/L --~----~--------

standard Coefficient
SUbstitution Deviation of Standard of l'

Method Mean the Mean Deviation Variation Minimum Median Maximum

SM..ML 0.1090 0.0093 0.0280 25.6 "0.1000 0.1000 0.184.. "

O~OOO
SM-O 0.0000 O.OOQO 0.0000 • 0.0000 0.0000
li

________________ pollutant-AMMONIA (AS N) -- Sample Sizec 9 -- Units-MG/L' -----------------

Standard Coefficient
Substitution Deviation of Standard of

Method '. Mean the Mean Deviation Variation Minimum ,Median Maximum

SM-ML 42.7000 9.4900 28.5000 66.7 0.4800 45.-0000 100.000

SM-O, 42.'000 9.4900 28.5000 66.7 0.4800 45.0000 100.000
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Wet Weight Conc:entrations of Pollutants" in Septage:
8u_ary statistics fro. SUbstitution.Methods

.
-------------------- Pollutant-ARSENIC -- Sallple 8ize-9 -- Units-UG/L --- _

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimull Median Maxiaull

0.0000 0.0000 0.0 20.0000 •8M-ML 20.0000 20.0000 20.000SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000

-------------------- Pollutant-BENZENE -- Sample Size-7 -- units-UG/L ------- _

. Standard Coefficient
'Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximum

SM-ML 11.4000 1.4300 3.7800 33..1 10.0000 10.0000 20.000SM-O 0.0000 . 0.0000 0.0000 · 0.0000 0.0000 0.000

---------------- Pollutant-BENZO(A)PYRENE -- Sample Size=9 -- Units-UG/L ------------ _

Standard Coefficient
Substitueion Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximum

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000
8M-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000



Wet Weight conc,ntrations of Pollutants in s~ptage:
summary statistics from S~~stitution·Methods

" ..

___________________ pollutant=BERYLLIUM -- Sample Size=9 -- Units=UG/L -------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 5.0000 0.0000 0.0000 0.0' 5.0000 5.0000 5.000

SM-O 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000

__________ pollutant-BIS(2-ETHYLHEXYL) PHTHALATE Sample Size~9 --units=UG/L ---------~

t:p
e;

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 11.1000 1.1100 3.3300 30.0 10.• 0000 10.0000 20.000

stI-o. 0.0000 0.0000 0.0000
.. °t· OOOO 0.0000 0.000•

'ill

______-------------- pollutant-CADMIUM -- Sample size-9 -- Units=UG/L --------------------

.. standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Mfnimum Median JoIaximum

SM-ML 7.1300 1.4900 4.4700 62.7 5.0000 5.0000 18.400

3.8000 2.1700 6.5000 171.0 0.0000
'..

SM-O
0.0000 18.400.

"



Wet Weight Concentratio'ns of Pollutants in Septage:
Su_ary Statistic:s frOJIl SUbstitution Methods

------------------- P'ollutant·'C'HROMIUM" -- Sample Size-9 -- Units-UG/L .:. _

standard Coefficient
Substitution n,eviation of Standard of

Method Mean the Mean Deviation Variation Minimull Median Maxi.ull
SM-ML 46.7000 12.7000 38.1000 81.6 10.0000 33.5000 128.0008M-0 45.6000 13.1000 39.4000 86.5 0.0000 33.5000 128~000

-------------------- Pollutant-CoPPER -- Sample Size-9 -- Units-UG/L --- _

': Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximumb:l
I
~ SM-ML 503.0000 223.0000 669.0000 13).0 62.0000 115.0000 1850.0000\

S8-0 503.0000 223.0000 669.0000 133.0 62.0000 115.0000 1850.000

-------------- Pollutant-DDT,DDE,DDD(TOTAL) -- Sample Size-9 -- units-UG/L --_____________

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 0.6850 0.2810 0.8440 123.0 0.3380 0.3380 2.880SM-O 0.4220 0.3230 0.9690 230.0 0.0000 0.0000 2.880



wet weight Con~entrations ofPollutapts in Septage:
summary statistics from Substitution Methods

. .
________________ pollutant=GAMMA-CHLORDANE -- Sample Size=9 -- Units=UG/L ----------------

Substitution
Method

SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation variation M+nimum Median Maximum

0.1230 0.0104 0.0313 25.4 0.1130 0.1130 0.207
0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000

Median MaximumSubstitution
Method

__________~------- pollutant-HEPTACHLOR -- Sample Size=9 -- Units=UG/L -------------------

Standard Coefficient
Deviat.ion of Standard . of

Mean the Mean Deviation Variation Minimum

OJ
I
~
......:I

SM-ML
SM-O

0.0896
0.0278

0.0209
0.0278,.

0.0626
0.0833

69.9
300.0

~h0630
p.OOOO
I

0.0630
0.0000

0.250
0.250

_______________ pollutant-HEXACHLOROBENZENE -- Sample Sizea 9 UnitsmUG/L ---------------

standard Coefficient
Substitution Deviation of Standard of

Method , Mean the Mea~ Deviation variation M~nimum Median Maximum

SM~ML 11.1000 1.1100 3.3300 30.0 19·0000 10.0000 20.000

SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000



Wet Weight Concentrations of Pollutants in septage:
Suu,ary Statistics froll substitution Methods

-------------- Pollutant-HEXACHLOROBUTADIENE -- Sample Size-9 -- Units-UG/L ---- _

standard Coefficient
Substitution Deviation of Standard ot

Method Mean the Mean Deviation Variatic 1 Minimum Median Maxi.WIIl. ... SM-ML 11.1'000 1.1100 3.3300 30.0 10.0000 10.0000 20'.000
SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000

--------------------- Pollutant-LEAD -- Sample Size-9 -- Units=UG/L ------------ _

Standard
Deviation of Standard

Mean the Mean Deviation

50.0000 50.0000 121.000
0.0000 0.0000 121~000

,

tt:'
~
00

Substitution
Method

SM-ML
SM-O

63.4000
30.1000

8.0800
15.7000

24.2000
47.1000

Coefficient
of

Variation

38.2
157.0

Minimum Median Maximum

-------------- Pollutant-LINDANE(GAMMA-BHC) -- Sample Size=9 -- Units-UG/L ---------------

Standard CC)efficient
Substitution Deviation of Standard of

Method , Mean the Mean Deviation Variation Minimum Median Maximum

SM-ML 0.1620 0.0170 0.0511 31.6 0.1250 0.1380 0.253
SM-O 0.0417 0.0295 0.0884 212.0 0.0000 0.0000 0.250



wet weight conqentrations of rollutants in septage:
summary statistics from S~bstitution Me~hods

_________________.__ pollutant=MERCURY -- Sample Size-9 -- units=UG/L --------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 0.8220 0.4200 1.2600 153.0 0.2000 0.3000 4:.050

SM-O 0.7330 0.4380 1.3100 179.0 0.0000 0.3000 4.050

__________________ pollutant=MOLY~DENUM -- Sample Sizea 9 -- Untts=UG/L ------~------------

Standard Coefficient
Substitution Deviation of Standard of i

Method Mean the Mean Deviation variation Minimum . Median Maximum

b::l
I SM-ML 10.5000 0.4890 1.4700 14.0 lQ.OOOO 10.0000 14.400
~
\0

..
8M-0 1.6000 1.6000 4.8000 300.0 0.'0000 Q.OOQO 14.400

;

____________ pollutant=N~NITROSODIMETHYLAMINE -- Sample size-9'--units=UG/L -------------

standard Coefficient
Substitution Deviation of Standard of

Method ... Mean the Mean Deviation variation Minimum- Medi~n Maximum
~

SM-ML 55.6000 5.5600 16.7000 30.0 50.• 0000 50.0000 100.000

8M-0 0.0000 0.0000 0.0000 • O.OQOO O.OOQO 0.000



Wet weight Concentrations ot Pollutants in septage:
Suu.ary statistics fro. Sub~stitution,Methods

Maxl.umMedianMinillllum
Substitution

Metho,d

-----""- 010__ pOllutant-N~CKEL -- SaJlple Size-9 -- unitsatUG/L _

Standard Co,efticient
Ueviation of Standard of

Mean the Mean Ueviation Variation

SM-ML
SM-O

54.5000
36.7000

7.8300
13.2000

23.5000
39.7000

43.1
108.0

40.0000 41.6000
0.0000 41. 6000

105.000
105.000

------------ Pollutant-NITRATE+NITRITE (AS N) -- Sample Sizezc9 -- unit"s=MG/L -------------

\..

b:1

~

Standard Coefficient
SUbstit.ution Deviation of Standard of

Method Mean the Mean Deviatiqn variation Minimum Median Maximum

SM-ML 0.3890 0.0964 0.2890 7+.4 " 0.1000 0.2000 0.900
SM-O 0.3670 0.1050 0.3160 86.2 0.0000 0.2000 0.900

------------------ Pollutant-PCB(TOTAL) -- Sample Size-9 -- Units-UG/L ---------~---------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 1.9100 0.1630 0.4890 25.6 1. 7500 1. 7500 3.220
8M-0 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000



Wet Weight ConQentrations of Pollutants in ~eptage:

Summary Statistics from Substitution Methods

_______________ pollutant-PERCENT SOLIDS -- Sample Size=9 -- Units=' ,. ----------------

Substitution
Method

SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation variation Minimum Median Maximum

2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200
2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14-.200

txl
&t.....

___________________ pollutantaSELENIUM -- Sample Size=9 -- unirs=UG/L ------------------~-

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximum

6.6400 19.9000 95.6
" 5.0000SM-ML 20.8000 5.0000 50.000

6.9400 4.600C>
..

f)M-O 13.8000 199.0 0.0000 0.0000 32.000

____________ pollutant-TOTAL KJELDAHL NITROGEN -- Sample Size=9 -- Units=MG/L ------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median .Maximum
;~

SM-ML 96.4000 19.2000 -57.6000 59.7 9.. 0000 115.0000, 175.000

SM-O 96.4000 19.2000 57.6000 59.7 9.0000 115.0000 175.000.

•



Wet weight concentrations of Pollutants in septage:
SU:D1IIIIary statistics trom SUbstitution Methods.

--------------- P6llutant-TOTAL PHOSPHOROUS -- Sample Sizea 9 -- UnitsEMG/L _

Substitution
Hethod

SM-ML
8M-0

Standard Coefficient
neviation of Standard of

Mean the Mean Deviation Variation Minimum Median Maximum

27.6000 5.7400 17.2000 62.3 1. 7000 32.0000 48.000
27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000

------------------- Pollutant-TOXAPHENE -- Sample SiZ$-9 -- Units-UG/L -------------------

" Standard Coefficient
Substitut.ion neviat.ion of St.andard of

Met.hod Mean t.he Mean Deviation Variat.ion

b:1 SM-ML .11.3000 1.6700 5.0100 44.3I

~ SM-O 0.0000 0.0000 0.0000 •

Minimum Median Maximum

0.9100 11.4000 20.900
0.0000 0.0000 01000

---------------- Pollut.ant-TRICHLOROETHENE -- Sample Size=7 -- Units=UG/L ----------------

Standard Coefficient.
Subst.itution Deviat.ion of St.andard of

Met.hod· , Mean t.he Mean Deviation Variation Minimum Median Maximum

SM-ML '11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000
SM-O 0.0000 0.0000 0.0000· • 0.0000 0.0000 0.000



'\

OJ

~

Wet Weight Concentrations of Pollutants in septage:
Summary S~atistics from Substitution Methods

--------------------- PollutantaZINC -~ Sample Size=9 -- Units=UG/L ----------------------

Standard Coefficient
SUb~titution Deviation of Standard of

Method Mean the Mean Deviation Variation Iiinimum Median Maximum

SM-ML 5300.0000 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800.000
SM-O 5300.0000 . 2420.0000 7270.0000 137.0 182.0000 3190.0000 23800.000

..

" ..,



Dry Weight Concentrations of Pollutants in Septage:
Suu,ary statistic:s fro1llll MaxlDUU Llkelihoio1cl Esti1lll,ation

Sample Log Lo,g
Pollutant units size Non-Detect Mean Variance

ALDRIN/DIELDRIN(TOTAL) UG/KG 9 7 : 0.741- 8.92238
AMMONIA (AS N) MG/KG 9 0 8.325 3.90825
CADMIQM MG/K' 9. 6 -1.766 5.86238

0·' " . - . CHROMIUM ' , 'MG/KG 9 1 1.542 2.39400'
COPPER MGjKG 9 0 3.559 4.39988
DDT, DDE, DDD(TOTAL) UG/KG 9 7 1.665 7.27425
LEAD MGjKG 9 6 0.561 3.87225
LINDANE (GAMMA-BHC) UG/KG 9 7 0.967 2.14650
MERCURY MG/KG. 9 4 -3.571 2.86875

'~
NICKEL MG/KG 9 .. 1.330 1.57612
NITRATE+NITRITE (AS N) MG/KG 9 2 3.522 0.82463
PERCENT SOLIDS , 9 0 -0.488 2.80237

tl:l SELENIUM MG/KG . 9, 7 -2.098 6.97725
I TOTAL KJELDAHL NITROGEN MG/KG 9 0 "

9.378 2.81813~ ..
TOTAL PHOSPHOROUS MG/KG 9 0 8.054 1.42312
ZINC MG/KG 9 0 5.992 1.05525



Dry Weight conpentrations of Pollutants in ~eptage:
Summary statistics from Maximum Likelihood E~timation

Standard· Coefficient
·Deviation of Standard of

pollutant units Mean the Mean Deviation variation·
:

ALDRIN/DIELDRIN (TOTAL) UG/KG 182.0000 5240.0000 15700.000 86.6000

AMMONIA (AS N) MG/KG 29100.000 67800.000 203000.00 6.9900

CADMIUM MG/KG 3.2100 20.0000 60.0000 18.7000

CHROMIUM MG/RG 15.5000 16.3000 48.8000 3 .. 1600

COPPER "MG/RG 317.0000 948.0000 2840.0000 8.9700

DDT, DDE, DDD(TOTAL) UG/RG 201.0000 2540.0000 7620.0000 38.0000

LEAD" MG/RG 12.1000 27.8000 83.3000 6.8600

LINDANE(GAMMA~BHC) UG/RG 7.6900 7.0500 21.1000 2.7500

. MERCURV MG/RG 0.1180 0.1600 0.4810 4.0800

NICKEL MG/RG 8.3200 5.4300 16.3000 1 •.9600

NITRATE+NITRITE (AS N)" MG/RG 51.1000 19.3000 57.9000 1.1300

t:d PERCENT SOLIDS , 2.4900 ' 3.2700
"'

9.8100 3.9300
I SELENIUM MG/RG . 4.0200 A3".8000 131.0000 32~7000

VI
VI TOTAJ,.. KJELDAHL NITROGEN MG/RG 48400.000 64000.000 192000.00 3.9700

TOTAL PHOSPHOROUS MG/RG .. 6410.0000 3790.0000 11400.000 1~7700

ZINC MG/RG 678.0000 309.0000 928.0000 1.3700

·'

.'



Dry Weight Concentrations of Pollutants in septage:
Suu.ary statistics fro. Maxi.um Likeliho,od Estimation

I"

90th 95th 98thPollutant Units Median Peroentile Peroentile Peroentile
ALDRIN/DIELDRIN (TOTAL) UG/KG 2.1000 97.4000 : 286.0000 972.0009AMMONIA (AS N) MG/KG 4130.0000 52300.000 107000.00 240000.00CADMIUM MG/KG 0.1710 3.8400 9.1800 24.8000CHROMIUM MG/KG 4.6700 34.1000 59.6000 112.0000COPPER MG/KG 35.1000 520.0000 1110.0000 2620.0000DDT,DDE,DDD(TOTAL) UG/KG 5.2900 169.0000 447.0000 1350.0000LEAD MG/KG 1. 7500 22.0000 44.6000 "100.0000LINDANE (GAMMA-BHC) UG/KG 2.6300 17.3000 29.3000 53.4000MERCURY MG/KG 0.0281 0.2480 0.4560 0.9140

,.~ .NICKEL MG/KG 3.7800 19.0000 29.8000 49.9000NITRATE+NITRITE (AS N) MG/KG 33.9000 109.0000 151.0000 219.0000PERCENT SOLIDS , 0.6140 5.2800 9.6400 19.1000SELENIUM MG/KG 0.1230' 3.6600 ., 9.4600 27.9000OJ TOTAL KJELDAHL NITROGEN MG/KG 11800.000 102000.00 187000.00 372000.00I

TOTAL PHOSPHOROUS MG/KG 3150.0000 14600.000 22400.000 36500.000
VI
0\

ZINC MG/KG 400.0000 1500.0000 2170.0000 3300.0000



Dry Weight Concentrations of Pollutants in ~eptage:

summary statistics from Substitution Methods

____________ pollutant=ALDRIN/DIELDRIN(TOTAL) -- Sample Size=9 -- Units=UG/KG ------------

substitution
Method

SM-ML
8M-O

:

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation variation

77.200 36.300 109.000 141.0
38.000 35.900 108.000 283.0

Minimum

8.55000
0.00000

Median Maximum

17.6000 325.00
0.0000 3'25.00

Median Maximum

--~------~--~~--

Minimumsubstitution
Method

_______________ pollutantaALPHA-CHLORDANE ~- Sample Size=9 -- units=UG/KG

Standard . Coefficient
Deviatlon of Standard of

Mean the Mean Deviation variation

OJ
I
Ut
-..J

8M-ML
.8M-0

44.100
0.000

19.500
0.000

58.500
0.000

133.0
~

•
.. 0.70400

0.00000
15.2000 153.00

0.0000' 0.00

________________ pollutant-AMMONIA (AS N) -- Sample Size-9 units=MG/KG ----------------

77.50000 8210.0000 61300.00
77.50000 8210.0000 61300.00

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation

SM-ML 12700.000 6390.000 19200.000 151.0
SM-O 12700.000 6390.000 19200.000 151.0

Minimum Median Maximum



Dry Weight Concentrations of Pollutants in septage:
S\UUI,ary statistics froll SUbstitution Methods

-----------------'-- Pollutant-ARsENIC -- Sample Size-9 -- Units-MG/KG _

Standard Coefficient
SUbstitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minbmll Median Maximum
SM-ML 8.710 3.920 11.800 135.0 0.14100 3.0400 '30.60SM-O 0.000 0.000 0.000 · 0.00000 0.0000 . . 0.00

Median Maximum

1080.0000 4330.00'
0.0000 '0.00

Minimum

"70.40000
0.00000•

89.11370.000
0.000

519.000
0.000

Mean

1540.000
0.000

SM"ML
SM-O

substitution
Method

------------------- Pollutant-BENZENE -- Sample Size-7 -- Units=UG/KG _

Standard . Coefficient
Deviation. of Standard of

the Mean Deviation variation
~

---------------- Pollutant-BENZO(A)PYRENE -- Sample Size~9 -- Units=UG/KG _

standard Coefficient
Substitution Deviation of Standard of

Method , Mean the Mean Deviation Variation . Minimum Median Maximum
SM-ML .4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00SM-O 0.000 0.000 0.000 · 0.00000 0.0000 0.00



. Dry Weight Co~centrations of Pollutants in septage:
Summary S~atistics from Substitution M~thods

_________________~ pollutant-BERYLLIUM -- Sample Size-9 -- Units=MG/KG -------------------

Substitution
Method

·SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation variation Minimum Median Maximum

2.180 0.981 2.940 135.0 0.03520 0.7600 ,. 7.66
0.000. 0.000 0.000 • 0.00000 0.0000 . 0.00

ttl
~

_________. pollutant-BIS(2-ETHYLHEXYL) PHTHALATE -- Sample Siz~=9 -- Units=UG/KG ----------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 4420.000 1950.000 5840.000 1;12.0 '70.40000 1520.0000 15300.00
SM-O 0.000 0.000 0.000 • · 0.00000 0.0000 0.00

___________________ pollutant-CADMIUM -- sample Sizea 9 -- Units-MG/KG --------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation "Minimum Median Maximum

SM-ML 2.430 0.954 2.860 118.0' 0.03520 0.9950 7.66
SH-O 0.632 0.349 1.050 166.0 0.00000 0.0000 2.77



Dry weight Concentrations of Pollutants in septage:
SUlUDIlary Statist~cs fro. SUbstitution" Methods

------------------- pollutant-:CHR:OMIUH -- Sample Size-g -- Units=MG/KG ......_.._------,-,--_....-

--------------------

Standard Co,efficient
Substitution Deviation of Standard ot

Metho,d Mean' the Mean Deviation variatit"n Minimum· Median MaximUll
.. SM-ML 10.'900 3.640 10.900 100.0 0.22600 7.6300 35.30

8M-0 9.360 3.800 11.400 122.0 0.00000 "6.9200 '35.30

-------------------- Pollutant-COPPER -- Sample Size-9 -- Units-MG/KG



"
ttl
I
0\.....

Dry weight ConQentrations of pollutants in aeptage:
Summary Statistics from Substitution Methods

_______________ pollutant=GAMMA-~HLORDANE -- Sample Size=9 -- units=UG/KG ----------------

Substitution
Method

SM-ML
SM-O

__________________ pollutant-HEPTACHLOR -- Sample Size=9 -- Un}ts=UG/KG ------------------

standard Coefficient
Substitution Deviation: of standard of

Method Mean the Mean Deviation variation ~inimum Median Maximum
"

SM-ML 32.000 i2.400 37.100 116.0 0.44400 9.5700 96.50

SM-O 5.690 5.69p 17.100 300.0 0"00000 ' 0.0000 51.20

. pollutant-HEXACHLOROBEHZENE -- Sample Size=9 -- Units=UG/KG --------~------

Standard Coefficient
Substitution Deviation of Standard of

Method ,Mean the Mean Deviation Variation Jofinimum Medi'an Maximum

SM;"ML 4420.000 1950.000 5840.000 132.0 7P.40000 1520.0000 15300.00

SM-O 0.000 0.000 O~OOO • 9·00000 0.0000 0.00



Dry Weight Concentrations of Pollutants in Septage:
SUUl1ry statistics fro,. SUbstitution Methods

------------- Pollutant-HEXACHLOROBUTADIE'NE -- Sa.ple Size-9 -- UnitS-UG/KG _

substltutio,n
Metthod

SM-ML
SM-O

Standard Coefficient
Devi~tion of Standard of

Mean the Mean" D,eviation Variation Minimum Median Maximum
4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.000.000 0.000 0.000 • 0.00000 0.0000 0.00

--------------------- Pollutant-LEAD -- Sample Size-~ -- Units=MG/KG _

\ Standard Coefficient
Substitution Deviation of Standard of

Method Mean the'Mean Deviation Variation Minimum Median Maximum
t:l:l,

SM-ML 23.800 9.600 28.800 U1.0 " 0.,35200~ 7.6000 76.608M-0 3.960 2.730 8.200 207.0 0.00000 0.0000 '24.80

-------------- Pollutant-LINDANE(GAMMA-BHC) -- Sample Sizea 9 -- Units-UG/KG --____________

Standard Coefficient
Substitution Deviation of Standard of

Method , Mean the Mean Deviation Variation Minimum Median Maximum
8M-ML 61.900 26.700 80.000 129.0 0.88000 22.1000 211.008M-0 2.560 2.450 7.340 - 287.0 0.00000 0.0000 22.10



Dry Weight conpentrations of Pollutants inSeptage:
summary Statistics from Substitution Methods

___________________ pollutant=MERCURY -- Sample Size=9 -- units=MG/KG --------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 0.138 0.044 0.132 95.4 0.00211 0.0760 0.35

'SM-O 0.059 0.037 0.112 189.0 0.00000' 0.0021 . 0.35

__________________ pollutant-MOLYBDENUM -- sample Siz~·9 -- UnitsDMG/KG ----~----------~--

'\
Standard Coefficient

Substitution Deviation of Standard of
Method Mean the Mean Deviation variation Minimum Median" Maximum

b:l, SM-ML 4.460 1.9!.l0 5.850 131.0 "0.07040 1.5200 15.30
0\
~ 0.328

..
112.95

SM-O 0.328 0.984 300.0 0.00000 0.0000

____________ pollutant-N-NITROSODIMETHYLAMINE -- Sample Size=9 -- Units=UG/KG ------------

Standard . Coefficient
substitution Deviation of Standard of

Method Mean the Me~n Deviation ," variation Minimum Median. Maximum

SM-ML 22100.000 9740.000 29200.000 132.0 352.00000 7600.0000 76600.00

SM-O 0.000 0.000 0.000 • 0.00000 0.0000 0.00



':
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I
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Dry Weight Concentrations of Pollutants in septage:'
SU1l1IlD,ary statistics fro,. SUbstitution .Methods

------------------'-- Pollutant-NICKEL -- Sa.llple Size-9 -- Units-MG/KG _

Standard Coefficient
Substitut10n Deviation,of Standard of

Method Mean the Mean Deviation Variation Minimull Median Maximum
SM-ML 18.900 7.800 23.400 124.0 0.56200 6.0800 61.30SM-O 4.470 2.870 8.620 193.0 0.00000 0.5620 '26.80

------------ Pollutant-NITRATE+NITRITE (AS N) -- Sample Size=9 -- Units£MG/KG _

standard Coefficient
Substitution Deviation of Standard of

Metho'd Mean the Mean Deviation Variation Minimum Median. Maximum
SM-ML 68.600 17.200 51.700 75,..4 "6.34000 53.1000 1°53.00SM-O 36.400 11.600 34.900 95.9 0,00000 32.4000 91.20

------------------ PollutantapCB(TOTAL) -- Sample Size-9 -- Units-UG/KG ------ _

standard Coefficient
Substitution Deviation of Standard of

Method '. Mean the Mean Deviation Variation "Minimum Median Maximum
SM-ML 771.000 341.000 1020.000 133.0 12.30000 266.0000 2680.00SM-O 0.000 0.000 0.000 • 0.00000 0.0000 0.00



Me4ian MaximumMinimumSubstitution
Method

Dry weight Concentrations of Pollutants in ~eptage:
Summary stl;ltistics from Substitution.Methods

___________________ pollutant=SELENIUM -- Sample Size=9 -- Units=MG/KG -------------------

standard Coefficient
Deviation of Standard of

Mean the. Mean Deviation variation

SM-ML
SM';'O

4.370
0.487

1.240
0.335

3.720
1.000

85.2
206.0

0.03520
0.00000

2.7400
0.0000

10.20
. 2.74

Units=MG/KG ------------___________ pollutant-TOTAL KJELDAHL NITROGEN -- Sample Size=9

, Standard Coefficient
SUbstitution Deviation of standard of

Method
to Mean the Mean Deviation Variation Minimum Median Maximum

t:d SM-ML 23600.000 8350.000 25100.000 10fl·0 2I8.00000 13000.0000 842'00.00
I

~ 8M-0 23600.000 8350.000 25100.000 ·106.0 218.00000 13000.0000 84200.00

______________ pollutant~TOTAL PHOSPHOROUS -- Sample Size=9 -- units=MG/KG ---------------

I
Standard Coefficient

SUbstitution Deviatio" of Standard of

Method , Mean the Mean Deviation Variation Minimum Median Maximum

8M-ML 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00

8M-0 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00

II
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Dry Weight Conoentrations ot Pollutants in Se'ptage:
SUJlJlary Statistics frolll Substitution Methods

------------------ Pollutant-TOXAPHENE -- Sample Size-9 -- Units-UG/KG -- _

standard Coefficient
Substitution Deviation of Standard at

Method Mean the Mean Deviation Variatic 1 Minimum Median Maxi.ull
0

;

SM-ML 3240'.'000 1600.000 4800.000 148.0 80.10000 13~0.0000 15500.00
SM-O 0.000 0.000 0.000 • 0.00000 0.0000 ." 0.00

--------------- Pollutant-TRICHLOROETHENE -- Sample Size=7 -- UnitsaUG/KG --- _

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maximum
.,

SM-ML 1540.000 519.000 1370.000 89.1 , 70.40000 1080.0000 4330.00
SM-O 0.000 0.000 0.000 • 0.00000 0.0000 0.00

--------------------- Pollutant-ZINC Sample Size-9 -- units=MG/KG ---------------------

Standard Coefficient
Substitution Deviation of Standard of

Method , Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00
8M-0 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00
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Cumulative Frequency for Total Aldrin/Dieldrin (ugll)
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Cumulative 'Frequency for Ammonia (AS N) (mg/l)
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Cumulative Frequency for Cadmium (ug/l)
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Cumulative Frequency for Chromium (ug/l)
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Cumulative Frequency for Copper (ug/l)
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: Cumulative Frequency for TotaiDDi; DOE, and ODD (ugll)
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Cumulative Frequency for Total Kjeldahl Nitrogen (mg/l)
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Cumulative Frequency for Lead (ug/l)
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Cumulative Frequency for Undane (Gamma- 8HC) (ugll)
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CumulatiY'e Frequency for Mercury (ug/l)
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CumulaltiVe Frequency for Nickel (ug/l)
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CumulatiVeo-Frequency for-Nitrate. + Nitrite (mg/l)
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Cumulative Frequency for Total Phosphorous (mgll)
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.. Cumulative Frequency for Selenium (ugll).
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Cumulative FrequencY for Zinc (ug/l)
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Cumulative ~Frequency for Percent Solids (%)
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Wet.Weight concentrations of pollutants in septaqe

units
Minimum .

Level
Quantified

Amount

_______________ pollutant=ALDRIN/DIELDRIN(TOTAL) ---------------­

EPA
sample
Number

19974
1..9975
19976
19977
19978
19979
19980
19981
19982

2.50
0.75

•

. ,

0.100
0.100
0.109

•

0.184
. 0.100

0.100
0.100

U~/L

UG/L
UG/L
T;JG/L

. UG/L
UG/L
UG/L
UG/L
UG/L

___________________ pollutant=ALPHA-CHLORDANE -------------------

EPA
Sample
Number

Quantified ­
Amount

Minimum
Level units

19974
19975
19976
19977
19978
19979
19980
19981
19982

•

0.100
0.100
0.100
0.100
0.100
0.184
0.100
0.100
0.100

UG/L
.UG/L
UG/L
UG/L
UG/L
UG/L
tJG/L
UG/L
UG/L

___________________ pollutant=AMMONrA (AS~) --------------------

EPA
Sa'll1ple Quantified Minimum
Number Amount Level units

19974 45.00 ·MG/L
19975 0.48 .' MG/L
19976 40.00 HG/L
19977 11.00 MG/L
19978 45.00 MG/L
19979 33.00 MG/L
19980 56.00 MG/L
19981 54.00 MG/L
19982 100.00 MG/L
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"

Wet Weight Concentrations of Pollutants in Septage

-----------------------. Pollutant~ARSENIC-----------------------

EPA
Sample
Number

Quantified
Amount

Minimum
r..eve1 Units'

19974
19975
19976
19977
19978
19979
19980

.. 19981
19982

•

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

----------------------- Pollutant=BENZENE -----------------------

EPA
Sample Quantified Minimum
Number Amount Level Units

19974 .. 10.000 UG/L
19977 10.000 UG/L
19978 10.000 UG/L
J.9979 20.000 UG/L
19980 10.000 UG/L
19981 10.000 UG/L
19982 10.000 UG/L

Minaum
Level units

10.000 UG/L
10.000 .UG/L
10.000 UG/L
10.000 , UG/L
10.000 UG/L
20.000 UG/L
10.000 UG/L "

10.000 UG/L
10.000 UG/L

•

•

" .

Quantified
Amount

J.9974
19975
19976
19977
19978
19979
19980
19981
19982

-.

------------------- Po11utant=BENZO(A)PY.RENE

EPA
Sample
Number
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Wet Weight Concentrations of Pollutants in septage

______________________, pol~utant=BERYLLIUM -----------------~----

EPA
Sample
Number

Quantified <

Amount
Minimum

Level units

19974
19975
19976
19977
19978
19979
19980

.. 19981
19982 · ,

5.000
.5.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

units
Minimum

Level
•

Quantified
Amount

_____________ pollutant=BIS(2-ETHYLHEXYL) PHTHALATE ------------­

EPA
sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

·.

•

•

•

10.000
10.000
10.000
10.000
10.000
20.000
10.000
10.000
10.000

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L <

UG/L
UG/L
UG/L

_______________________ pollutant=CADMIUM -----------------------

EPA
sample Quantified Minimum
Number Amount Level units

19974 9.40 UG/L
19975 • 5.000 UG/L
19976 • 5.000 UG/L «

19977 • ···5.000 UG/L
19978 6.40 • UG/L
19979 18.40 UG/L
19980 • 5.000 UG/L
19981 5.000 UG/L
19982 • 5.000 UG/L
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Wet Weight Concentrations of Pollutants in septage

-------------------~--Pollutant=CHROMIOK ----------------~------

EPA
Sample
Number

Quantified
Amount

Minimum
Level units

~9974

~9975

~9976

~9977

~9978

~9979

19980
.' ~998i

19982

53.90

12.10
32.~0

81.60
~28.00

33.50
50.20
~8.7p

10.000
•

•

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

-~--------------------- Pollutant=COPPER ------------------------

EPA
Sample, Quantified- Minimum
Number Amount Level units

19974 ~340.00 • UG/L
19975 77.10 UG/L
19976 80.30 UG/L
19977 ~~5.00 UG/L
19978 758.00 UG/L
19979 174.00 UG/L
19980 ~850.00 UG/L
1998~ 62.00 UG/L
19982 69.60 UG/L

Minimum
Level' Units

0.338 UG/L
0.338 UG/L
0.338 " UG/L
0.338 ,UG/L
0.338 UG/L

• UG/L
• UG/L

0.338 UG/L
0.338 UG/L

0.92
2.88

Quantified
Amount

19974
19975
19976
19977
19978
19979
19980
:19981
19982

----------------- Pollutant=DDT,DDE,DDD(TOTAL) -----------------­

EPA
Sample
Number

,
/'
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Wet Weight concentrations of pollutants in septage

___________________ pollutant=GAMMA-CHLORDANE -------------------

EPA
Sample Quantified Minimum
Number Amount Level· units

19974 • 0.113 UG/L
19975 • 0.113 UG/L
19976 • 0.113 UG/L
19977 • 0.113 UG/L
19978 • 0.113 UG/L
19979 • 0.207 UG/L·

, 19980 • 0.113 UG/L
., 19981 · f 0.113 UG/L

19982 · 0.113 UG/L

--------------------- pollutant=HEPTACHLOR,----------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
1998i
19982

Quantified • Minimum
Amount Level units

0.25 'UG/L
• 0.063 UG/L

0.063 UG/L
• 0.063 UG/L

0.063 UG/L
• 0.115 UG/L
• 0.063 UG/L

0.063 UG/L
0'.063 UG/L

------------------ pollutant=HEXACBLOROBENZENE ------------------

EPA
,Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

•

.,_.,.-e

•
•
•

B-89

Minimum
Level

~·~,·:~o.000
10.000
10.000
10.000
10.000
20.000
10.000
10.000
10.000

units

UG/L
, UG/L

UG/L
'UG/L
UG/L
UG/L
UG/L
UG/L
UG/L



Wet Weight concentrations of Pollutants in Septage
_________________ pollutant=HEXACHLOROBUTADIENE,-----------------

EPA
Sample
Number

Quanti'fied
Amount

Minimum
Level units

19974
19975
19976
19977
19978
19979
19980

.. 19981
19982

•

•
•

· :

10.000
10.000
10.000
10.000
-10.000
20.000
10.000
10.000
10.000

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

------------------------ pollutant=LEAD -------------------------

.EPA
Sample
Number

19974
19975
lQ976
_3977
19978

. ., q979
)'~980

19981
19982

Quantifiea
Amount

•
70.30
79.30

Minimum
Level Uni.ts

UG/L
50.000 UG/L
50.000 UG/L
50.000 UG/L
50.000 UG/L

UG/L.. UG/L
50.000 UG/L
50.000 UG/L

Minimum
Level units

0.138 UG/L
0.138 UG/L
0.138 ' UG/L

UG/L
0.138 UG/L
0.253 UG/L

UG/L
0.138 UG/L
0.138 UG/L•

•

•

0.25

0.1.3

Quantified
Amount

19974
19975
19976
19977
19.978
19979
19.980
1998:L

.19982

_________________ pollutant=LINDANE(GAMMA-BHC) -----------------­

.t':PA
Sample
NWnber
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Wet weight Concentrations of pollutants. in septage

___________~__--------- pollutant=MERCURY -----------------------

EPA
Sample
Number

1.9974
1.9975
1.9976
1.9977
1.9978
1.9979
1.9980
1.9981.
1.9982

Quantified
Amouni:

•
0.30

1..30
0.45
0.50
4.0~

Minim.um
Level

0.200
0.200
0.200

0.200

units

UG/L
. UG/L
. UG/L
UG/L

..UG/L
·UG/L
UG/L'
UG/L
UG/L

_____________________ pollutant=MOLYBDENUM ----------------------

EPA
Sample Quantified • Minim.um
Number Amount Level units

1.9974 1.4.40 • UG/L
1.9975 1.0.000 UG/L
1.9976 1.0.000 UG/L
1.9977 1.0.000 UG/L
1.9978 1.0.000 UG/L
1.9979 1.0.000 UG/L
1.9980 1.0.000 . UG/L
1.9981. 1.0.000 UG/L
1.9982 1.0.000 UG/L

_______________ pollutant=N-NITROSODIMETHYLAMINE ----------------

EPA
Sample
Number

1.9974
1.9975
19976
1.9977
1.9978.
1.9979
1.9980
1.9983­
1.9982

Quantified
Amount

•

•

•

•

B-91

Minimum .
Level

50.000
50.000.
50.000
50.000
50.000

1.00.000
50.000
50.000
50.000

units

UG/L
UG/L

°tJ:G/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L



",ill

Wet Weight concentrations of Pollutants in Septage

----------------------- pollutant=NICKEL ------------------------

EPA
Sample Quantified Minimum
Number Amount Level Units

J.9974 40.000 UG/L
J.9975 40.000 UG/L
19976 40.000 UG/L
J.9977 79.80 UG/L
J.9978 6J..80 UG/L
J.9979 105.00 UG/L
J.9980 41.90 UG/L
19981 40.000 UG/L
J.9982 41.60 UG/L

--------------- pollutant=NITRATE+NITRITE (AS N) ----------------

EPA
sample Quantified. Minimum
Number Amount Level Units

J.9974 0.20 .MG/L
J.9975 0.100 MG/L
J.9976 O.J.OO MG/L
J.9977 0.90 • MG/L
J.9978 0.20 MG/L
J.9979 0.60 MG/L
J.9980 0.60 MG/L
J.9981 0.60 MG/L
J.9982 0.20 • MG/L

--------------------- Pollutant=PCB(TOTAL) ----------------------

EPA
Sample
Number

J.9974
J.9975
J.9976
J.9977
J.9978
J.9979
J.9980
19981
19982

Quantified
Amount

•

B-92
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Minimum
Level

1.750
J..750
1.750
1.750
J..750
:S .2J.8
1.750
1.750
1.750

units

UG/L
UG/L

. UG/L
UG/L
UG/L
UG/L
UG/L
U~/L

UG/L



wet Weight Concentrations of pollutants in Septage

---------------------- Pollutant=SELENIUM -----------------------

EPA
Sample
Number

19974
19975
19976
19977
1997.8
19979
19980
19981
19982

Quantified
Amount

•
•

30.50

32.00 .

Minimum
Level Uni:ts

50.000 UG/L
5.000 UG/L
5.000 UG/L
5.000 UG/L
5.000 UG/L

• UG/L
5.000 UG/L

50.000 UG/L
• UG/L

--------------- Po1lutant=TOTAL RJELOAHL NITROGEN ---------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified •
Amount

142.00
9.00

55.00
31.00
70.00

119.00
115.00
175.00
152.00

Minimum
Level

•

•

units

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L

------------------ Pollutant=TOTAL PHOSPHOROUS ------------------

EPA
Sample
Number

19974
19975
19976
~9977

19978
19979
19980
19981
19982

Quantified
Amount

32.00
1.70
7.00

.25.00
12.00
48.00
36.00
46.00
41.00
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Minimum
Level

•

•
•

•
•

Units

MG/L
MG/L

." MG/L
MG/L
MG/L
MGI.L
MG/L
MG/L
MG/L



wet Weight Concentrations of Pollutants in Septage

~-----------------------pollutant~ZrNC·_------------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980

- 19981
19982

. . .
I

Quantified
Amount

5990.00
182.00
519.00

6210.00
1120.00

23800.00
3810.00
2850.00
3190.0:0

B-95

Minimum
Level

•
•
•
•
•

·.

.' ..... .

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
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C'.

wet Weight Concentrations of Pollutants in Septaqe

-------------------- Pollutant=TOTAL SOLIDS ---------------------

EPA
Sample Quantified Minimum
Number Amount Level units

19974 4880.00 HG/L
19975 733.00 HG/L
19976 653.00 HG/L
19977 142000.00 HG/L
19978 2310.00 HG/L
19979 ·18500.00 HG/L
19980 11300.00 HG/L
19981 6580.00 HG/L
19982 11700:0,0 HG/L

---------------------- Po1lutant=TOXAPHENE ----------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified·
Amount

•

Minimum
Level

11.375
11.375

0.910
11.375
11.375
20.920
11.375
11.735
11.375

units

. OG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
OG/L

------------------- pollutant=TRICHLOROETHENE -------------------

EPA
Sample
Number

19974
19977
19978
19979
19980
19981
19982

Quantified
Amount

•...

B-94
.r'

Minimum
Level

10.000
10.000
10.000

"",2.0.000
10.000
10.000
10.000

units

UG/L
UG/L
UG/L

'UG/L
UG/L
UG/L
UG/L
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TABLE C-1

UPTAKE OF ARSENIC BY FORAGE

Study Chemical Application TIssue' Uptake
Type Plantl Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kg/ha) (..gIg DW) (2) Comments

A Natural'Forage Sludge'" ~ N;R;'"'' 0 <0:25' 0.001 Baxter et a/.• 1983
3.03 <0.25

A Rape Sludge N.R.(3) 0 0.37 0.9 Anderson & Nilsson,
0.4 0.73 1972. p.176

•

."
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TABLE C-2

UPTAKE OF ARSENIC BY GARDEN FRUITS

Study Chemical Application TIssue Uptake

Type Plant! Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

C TomatolFruit Lead arsenate 7.5 6.2 0.1 0.001 EJMng et 8/., 1978, p.96.

62 0.1

C Broccoli/Fruit Arsenic acid N.R. 200 0.4 0.002 Pyles & Woolson, 1982.
No control data gven for

solorplant tissue.
Slope cBlculated without

controls.

C Tomato/Fruit' Arsenic acid··" N;R; 200' 0.11 . 0.001 Pyles & Woolson, 1982.
No control data gven for

sol orplant tissue.
Slope calculatedwithout

controls.

C Pea/Grain Arsenic N.R. 0 0.01 0.001 Walsh et ai, 1977.

3017 0.18

C Pea/Pod Arsenic N.R. ° 0.05 ,0.003 Walsh et aI, 1977.

300 0.88

e-2



TABLE C-3

UPTAKE OF ARSENIC BY GRAINS AND CEREALS

iSbJdy Chemical Application TIssue Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) ("gIg DW) (2) Comments

C Millet Lead arsenate 7.5 6.2 0.2 0.013 Elfving et a/., 1978, p.96.
62 0.9
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TABLE C-4

UPTAKE OF ARSENIC BY LEAFY VEGETABLES

Study Chemical Application TIssue Uptake

Type Plant! Form Soli ~tes Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

A Swiss Chard. Sludge .. """ .. c_-,:,,', 5.5 0 0.16·, . . 0.340, 'Fuffeta/;, 1976, p. 87. '

1.47 0.66

A Swiss Chard Sludge 6.5 0 0.63 0.001 Furretal., 1976, p. 87.

1.47 0.16

C Swiss Chard Lead arsenate N.R. 18.8 0.001 0.004 Chishofm, 1972, p. 586.

107.2 0.37

C Cabbage Lead arsenate 7.5 6.2 0.1 0.001 ElMng et af.! 1978, p.96.

62 0.1

C Cabbage Arsenic acid N.R. 200 <0.01 0.001 Pyles &Woolson, 1982.
No control data riven for

soU orplant tissue.
Slope calculated without

• controfs.

C Swiss Chard Arsenic acid N.R. 200 1 0.005 Pyles & Woofson, 1982.
No control data riven for

soU orplant tissue.
Slope calculated without

controfs.

C Lettuce Arsenic acid N.R. 200 0.55 0.003 Pyles & Woolson, 1982.
No control data gve~ for

so17 orplant tissue.
Slope calculated without

controls.
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TABLE COOS

UPTAKE OF ARSENIC BY LEGUMES

!Study ChemIcal Application nssue Uptake
Typo Plant! Form Soli Rates Concentration Slope Reference!

(1) nssue Applied pH (kglha) (pg/g OW) (2) Comments

C Green Bean! lead arsenate' N.R.' 49 a.05 0.001 Chisholm, 1972, p. 586.
Graln 245 0.22

C Green Bean! lead arsenate N.R. 49 0.08 ,0.001 Chisholm, 1972, p. 586.
Grain 245 0.17

if C Green Bean! lead arsenate N.R. 18.8 0.001" 0.001 Chisholm, 1972, p. 586.
Grain 107.2 0.06

C Bush Bean! lead arsenate 7.5 6.2 0.1 0.001 EJfving ef al., 1978, p.96.
Grain 62 0.1

C Green Bean! Arsenic acid N.R. 200 0.14 0.001 Pyles & Woolson, 1982.
Grain No control data gven for

soD orplant tissue.
Slope calculated without

controls.

C Bean/Grain Arsenic N.R. 0 0.01 0.001 Walsh et aI, 1977.
30Q 0.07

C BeanJPod Arsenic N.R. 0 0.27 0.002 Walsh et aI, 1977.
300 0.79

0-5



TABLE C-6

UPTAKE OF ARSENIC BY POTATOES

Study Chemical Application Tissue Uptake

Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

C PotatolJuber. Lead~arsenate.. N.R. 49. 0.05·.·. 0.001 Chisholm, 1972;p. 586.
245 0.11

C Potato/Peel Lead arsenate N.R. 49 0.08 0.002 Chisholm, 1972, p. 586.

245 0.56

C PotatolTuber Lead arsenate N.R. 18.8 0.001 0.001 Chisholm, 1972, p. 586.

107.2 0.09

.C Potato/Peel Lead arsenate N.R. 18.8 .0.001 0.012 Chisholm, 1972, p. 586•.

107.2 1.1

C PotatolTuber Lead arsenate 7.5 6.2 0.1 0.001 ElMng etal., 1978, p.96.

62 0.1

C PotatolTuber Arsenic acid N.R. 200 1.19 0.006 Pyles &Woolson, 1982.

• No control data riVen for
soU orplant tissue.

Slope calculated without
controls.

C PotatolTuber Sodium arsenate 5.5 0 0.1 0.001 Stevens et aI, 1972.

45 0.1 SO/7 treated with

90 0.002 Fe(SO(4»)(3).
180 0.002
720 0.005

C PotatolTuber Sodium arsenate 5.5 0 0.1 0.001 Stevens et aI, 1972.

45 0.1 SO/7 treated with

90 0.1 AJ(2)(SO(4»)(3).
180 0.4 ..

720 0.006
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TABLE C-7

UPTAKE OF ARSENIC BY ROOTS

IStudy Chemical Application Tissue Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

C CarrotITuber Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586.
245 0.27

C CarrotITuber Lead arsenate N.R. 18.8 0.001 0.003 Chisholm, 1972, p. 586.
107.2 0.26

C Tumiprruber Lead arsenate N:R. 18.8 0.001 0.001 Chisholm, 1972, p. 586.
107.2 0.1

C TumiplPeel Lead arsenate· N.R.-· 18.8 0.001 0.012 Chisholm, 1972, p. 586.
107.2 1.08

C CarrotITuber Lead arsenate 7.5 6.2 0.1 0.014 Elfving et a/., 1978, p.96.
62 0.9

0 Onlonsl8ulb Lead arsenate 7.5 6.2 0.1 0.005 Elfving et a/., 1978, p.96.
• 62 0.4

0 BeetITuber Arsenic acid N.R. 200 0.86 0.004 Pyles & Woolson, 1982.
No control data gven for

soil orplant tissue.
Slope calculated without

controls.
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TABLE C-8

UPTAKE OF ARSENIC BY SWEET CORN

Study Chemical Application TIssUe Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (JIglgDW) (2) COmments

C Corn/Grain Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586.

245 0.07

C Corn/Grain Lead arsenate N.R. 18.8 0.001 0.001 Chisholm, 1972, p. 586.

107.2 0.04

C Sweet Corn/ Arsenic acid N.R. 200 <0.01 0.00-1 Pyles &Woolson, 1982.

Grain No contTol data gven for
sol orplant tissue.

Slope calculated without
controls.
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TABLE C·g

UPTAKE OF CADMIUM BY FORAGE

Study Chemical AppllcaUon TIssue Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) COmments

A Natural Forage Sludge N.R. 0.78 0.11 1.702 Baxter et al., 1983
1.35 1.08 Means reported

A PeaIVNle Sludge 5.3 0 0.02 0.049 Dowdy & Larson,
0.83 0.13 1975.
1.66 0.16
3.32 0.2

A Comlleaf Sludge 5.3 0.000 0.026 0.339 Dowdy & Larson,
0.830 ,0.027 1975.
1.660 0.61
3.320 1.32

A ComIForage Sludge 5.4 0 1 1.330 Giordano, Mortvedt,
0.008 2.3 Mays, 1975, p. 394.
1.6 3.3 1972 data used.

~ 3.2 5.3

A Com Sludge 5.4 0 1 0.255 Giordano, Mortvedt,
2;5 3.7 Mays, 1975, p. 394.
5 3.5 1972 data used.

10 4.1

A BeanIVNle Compost 5.4 0 0.5 0.001 Giordano, Mortvedt,
0.8 0.5 Mays, 1975, p. 394.
1.6 0.5 1972 data used.
3.2 0.5

A BeanlVine Compost 5.4 0 0.5 0.059 Giordano, Mortvedt,
2.5 1.1 Mays, 1975, p. 394.
5 1.2 1972 data used.

10 1.2

A Com Compost 5.4 0 1.1 0.688 Gioidano, Mortvedt,
1.6 3 Mays, 1975, p. 394.
3.2 3.9 1973 data used.
6.4 5.7

A Com Sludge 5.4 0 1.1 0.299 Giordano, Mortvedt,
5 5.9 Mays, 1975, p. 394.

10 6.6 1973 data used.
20 7.9

A BeanNine Compost 5.4 0 0.3 0.130 Giordano, Mortvedt,
1.6 0.4 Mays, 1975, p. 394. '
3.2 0.4 1973 data used.
6.4 0.4
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TABLE C-9 (cont.)

UPTAKE OF CADMIUM BY FORAGE (cont.)

Study ChemIcal Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (1I9/g DW) (2) Comments

A BeanMne Siudge 5.4 0 0.3 0,042 Giordano,··Mortvedt,
5 1.1 . Mays, 1975, p. 394.

10 1.1 1973 data used.

20 1.3

A Corn/Leaf Sludge 5.2-5.6 0 0.83 2,510 Pepper et aI, 1983,

Umed 0.75 3.68 p.272
1.5 6.73 Sultan-com type.
3 8.45

A Corn/Leaf Sludge 4.5-4.6 0 1.01 2.276 Pepper et aI, 1983,
Umed 0.75 5.11 p.272

1.5 7.45 Sultan-com type.
3 '8.3

•
A CornlLeaf Sludge 5.1-5.6 a 0.2 1.651 Pepper et aI, .1983,

Umed 0.75 0.66 p.272.
1.5 2.08 Puyallup-comtype.
3 4.96

A Corn/Leaf Sludge 4.4-4.6 0 0.2 0.926 Pepper et aI, 1983,
Unlimed 0.75 1.2 p.272.

1.5 1.5 Puyallup-com type.
3 3.09

A Com Sludge 7.0 0 0.05 o.on Heffron et aI, 1980,
21.56 1.7 p.59.

A Com Sludge 5.4 0 0.29 0.142 Telford et aI, 1982.
25.3 3.88

A Corn/Grain Sludge 5.9-6.0 0 0.01 0.001 Rapppaport et aI,
0.9 0.01 1987. 1984 data used.
1.8 0.01

A Com , Sludge 5.9-6.0 0 0.03 0.022 Rapppaport et aI,

- 0.9 0.13 1987.1984 data used.
. 1.8 0.07

A Barley _,Sludge 5.9-6.0 0 0.12 0.110 Rapppaportet aI,

0.9 0.13 1987.1984 data used.
1.8 0.14

A Sweet Corn/ Sludge 6.5 0 0.28 0.139 Hemphill et aI, 1982.

Leaf 1.5 0.49 Portland sludge

A Sweet Corn/ ,Sludge 6.5 0 0.28 0.001 Hemphill et aI, 1982.

Leaf 1.5 0.22 ROCKcreek sludge.
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TABLE C-9 (cont.)

UPTAKE OF CADMIUM BY FORAGE (cont.)

IStudy Chemical Application TIssue Uptake
Type PlanU Form son Rates Concentration Slope Referencet

(1) Tissue Applied pH (kglha) (IJgIg DW) (2) Comments

A Sweet Com/ Sludge 6.5 0 0.28 '0.001 Hemphill et aI, 1982.
Leaf 0.21 0.24 Salem sludge.

A Ryegrass Liquid sludge 6.5 0.6 0.11 0.048 .Carlton Smith, 1988.
4.52 0.3 Means of5 years used.

Sandyloam.

A Ryegrass Bed-dried 6.5 0.6 0.11 0.014 Carlton Smith, 1988.
Sludge 12.57 0.28 Means of 4 years used.

Sandyloam.

A Ryegrass Liquid sludge 6.7 1.4 0.19 0.055 Carlton Smith, 1988.
6.7 0.48 Means of5 years used.

Clay.

A Ryegrass Becf.dried 6.7 • 1.4 0.17 0.023 Carlton Smith, 1988.
Sludge 15.12 0.48 Means of4 years used.

Clay.

A Ryegrass Liquid sludge 8.0 1.44 0.04 0.020 Carlton Smith, 1988.
5.86 0.13 Means of5 years used.

Calcareous loam.

A Ryegrass Bed-dried 8.0 1.5 0.05 0.015 Carlton Smith, 1988.
Sludge 22.12 0.35 Means of 4 years used.

Calcareous loam.

A Barley/Leaf Sludge 6.2-6.4 0 0.67 0.004 Sommers et aI, 1991.
23 0.76 Ohio data used.
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TABLE C-10

UPTAKE OF CADMIUM BY GARDEN FRUITS

Study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg'g DW) (2) Com",ents

A Cantaloupe/ Sludge 4~6~:0 0 18 0.636 Giordano et af., 1979

Fruit 11 25 Year 3 (1977)
No heat, no lime

A Broccoli! Sludge 4.7~.2 0 0.27 0.056 Giordano et af., 1979

Fruit 11 0.89 Year 2 (1976)
No heat

A Eggplantl Sludge 4.7~.2 0 0.54 0.100 Giordanoet af., 1979

Fruit 11 1;64 Year 2 (1976)
No heat

A Tomato' Sludge 4.7~.2 0 0.52 0.047 Giordano et s1., 1979

Fruit 11 1.04 Year 2 (1976)
No heat

A Pepper' Sludge 4.7~.2 29 0.364 Giordano et af., 1979

Fruit
Year 3 (1977)

No heat, no lime

A Squash! Sludge 5.1~.0 0 0.15 0.011 Giordano et af., 1979

Fruit 11 0.27 Year 1(1979)
No heat. Yelfow

Crookneck squash

A Pepper' Sludge 5.1~.0 0 0.3 0.091 Giordano et aI., 1979

Fruit 11 1.3 Year 1 (1979)
No heat. California

Wonder Variety

A Pea/Grain Sludge 5.3 0 0.03 0.002 Dowdy & Larson,

0.83 0.04 1975.

1.66 0.04
3.32 0.04

A Tomato/Fruit Sludge 5.3 0 0.08 0.074 Dowdy & Larson,

0.83 0.2 1975.

1.66 0.33
3.32 Q.33

A Pea/Pod Sludge 5.3 ·0.000 0.020 0.008 Dowdy & Larson,

0.830 0.080 1975.

1.660 0.080
3.320 0.060

A Tomato/Fruit Sludge 6.6 0 0.39 0.079 Keeferet ai, 1986.

0.7 0.55 Blue Plains slUdge.

1.4 0.5 Early fruiting.
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TABLE C-10 (cont.)

UPTAKE QI: CAQMrUM.,BY,GARDEN FRUITS (cont.)

~tudy Chemical Application TIssue . Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A TomatolFruit Sludge 6.6 0 0.32 0.057 Keefer at ai, 1986.
0.7 0.4 Blue Plains slUdge.
1.4 0.4 Late fruiting.

A TomatolFruit Sludge 7.1 0 0.39 0.018 Keefer et ai, 1986.
3.1 0.75 Huntington slUdge.
6.2 0.5 Early fruiting.

A TomatolFruit SlUdge 7.1 0 0.32 0.029 Keeferet aI, 1986.
3.1 0.4 Huntington sludge.
6.2 0.5 Late fruiting.

A TomatolFruit Sludge 6.9 0 0.39 0.114 Keeferet ai, 1986.
0.7 0.4 Martinsburg slUdge.
1.4 0.55 Early fruiting.

A TomatolFruit Sludge 6.9 0 0.32 0.079 Keeferet ai, 1986.
0.7 0.45 Martinsburg slUdge.
1.4 0.43 Late fruiting.

A TomatolFruit SlUdge 6.3 0 0.39 0.325 Keefer et ai, 1986.
0.4 0.45 Parkersburg. slUdge.
0.8 0.65

A Tomato/Fruit SlUdge 6.3 0 0.32 0.001 ' Keeferet ai, 1986.
0.4 0.43 Parkersburg sludge.
0.8 0.26

A TomatolFruit Sludge N.R. 0 0.9 0.053 Lue-Hing et ai, 1984.
4 1.3 1977 data used.
8 1.5 Nu-Earth.

16 1.9
20 2
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TABLE C-11 (cont.)

UPTAKE OF CADMIUM BY GRAINS/CEREALS (cont.)

Study Chemical Application TIssue Uptake
Typo Plant! Form Soil Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (JIg/g DW) (2) Comments

A Wheat/Grain Uquld slUdge 8.0 1.44 0.052 0.022 Carlton Smith, 1988.
5.86 0.15 Means .ofpyears used.

Calcareous loam.

A Wheat/Grain Bed-dried 8.0 1.5 0.08 0.009 Carlton Smith, 1988.
Sludge 22.12 0.27 Means of 4 years used.

Calcareous loam.

A Barley/Grain SlUdge 6.2-6.4 0 0.04 0.001 Sommers et ai, 1991.
23 0.05 Ohio data used.
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TABLE C-12

UPTAKE OF CADMIUM BY LEAFY VEGETABLES

Study Chemical Application TIsSue Uptake

Type Plant! Form SoU Rates Concentration Slope Reference!

(1) Tissue Applied pH, (kglha) (pg/g DW) (2) COmments

A Kale Sludge 8.4 5.49 1.669 0.304 Giordano & Mays, 1977
Year 1

Decatur sludge

·A Kale Sludge 8.4 3.92 0.004 0.001 Giordano & Mays, 1977
Year 1

Tuscumbia sludge

A Lettuce Sludge 8.4 5.49 7.576 1.380 Giordano & Mays, 1977
Year 1

Decatur sludge

A Lettuce Sludge 8.4 3.92 2.391 0.610 Giordano & Mays, 1977
Year 1

Tuscumbia sludge

A Spinach Sludge 8.4 &.49 1.801 0.328 Giordano & Mays, 1977
Year 1

Decatur sludge

A Spinach - Sludge 8.4 3.92 0.004 0.001 Giordano & Mays, 1977
Year 1

Tuscumbia sludge

A Lettuce Sludge 8.4 5.49 5.929 1.080 Giordano & Mays, 1977
Year 1

Decatur sludge

A Lettuce Sludge 8.4 3.92 1.439 0.367 .Gfordano & Mays, 1977
Year 1

Tusgumbfa sludge

A Lettuce Sludge 5.6 1.26 0.5544 0.440 Schauereta, 1980
Year 1

WalWick sludge

A Lettuce . Sludge 5.6 1.26 2.457 1.950 Schauereta, 1980
Year 1

WalWick sludge

A Swiss Chard Sludge 5.7 0.84 1.000 1.190 Chaney e( at., 1978b
Backriver sludge

A Swiss Chard ,:Sludge 5.6 2.24 2.200 0.982 Chaney et al., 1978b
Blue Plains sludge

A Swiss Chard '-Oigcompost 6.6 1.5 0.900 0.600 Chaney et at., 1918b

A Swiss Chard 'uried DC 5.5 3.3 23.298 7.060 Chanay et al., 1978c

C-16



e-17



TABLE C-12 (cont.)

.UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

Study Chemical Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (lIg/g DW) (2) Comments

A· Lettuce Heat-Treated 6.2 0 0.62 0.103 Chaney et aI, 1982

SILldge 3 0.93 Romaine Lettuce
'1981 data

A Lettuce Nu-Earth 5.3-5.6 0 1.26 1.397 . Chaney et aI, 1982

21 30.6 Romaine Lettuce
'1981 data

A Lettuce Nu-Earth 6.2-6.6 0 0.62 0.272 . Chaney et aI, 1982

21 6.34 Romaine Lettuce
'1981 data

A Swiss Chard Heat-Treated 5.7 0 0.7 0.310 Chaney et al., 1982

Sludge 3 1.63 '1978 data

•
A Swiss Chard Heat-Treated 6.7-6.8 0 0.33 0.217 Chaney et al. 1982

Sludge 3 0.98 '1978 data

A Swiss Chard Nu-Earth 5.7-6.3 0 0.7 0.044 Chaney et al., 1982

21 1.63 '.1978 data

A Swiss Chard Nu-Earth 6.7 0 0;33 0.031 Chaney et al., 1982

21 0.98 '1978 data

A Collard Greens Heat-Treated 5.5-5.6 0 0.62 0.001 Chaney et a/., 1982

Sludge 3 0.54 '1980 data

A Collard Greens Heat-Treated 6.4-6.3 0 0.53 0.001 Chaney et al., 1982

Sludge 3 0.42 . '1980 data

A Collard Greens Nu-Earth 5.5-6.3 0 0.62 0.107 Chaney et aI., 1982

21 2.86 '1980

A Collard Greens Nu-Earth 6.4-6.8 0 0.53 0.080 Chaney at al., 1982

21 2.2 '1980

A Lettuce Sludge 4.6-6.0 0 1.18 0.656 Giordano et al., 1979

11 8.4 Year 3 (1977)
No heat, no lime

Bibb lettuce

A Lettuce Sludge 4.6-6.0 0 0.88 0.125 Giordano et al., 1979

11 2.25 Year 3 (1977)
No heat, no lime
Romaine lettuce
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TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

!Study Chemical Application TIssue . Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/gDW) (2) Comments

A Lettuce Sludge 4.6-6.0 0 0.95 0.195 Giordano et al., 1979
11 3.1 Year 3 (1977)

No heat, no lime
Boston Lettuce

A Cabbage Sludge 4.6-6.0 0 0.19 0.015 GlorrJano et al., 1979
11 0.35 Year 3 (1977)

No heat, no lime

A Lettuce Sludge 4.7-6.2 0 0.86 0.245 GlorrJano et al., 1979
11 3.56 Year 2 (1976)

No heat
Great Lakes Lettuce

A Lettuce Sludge 5.1-6.0 • 0 0.3 0.918 Giordano et aI., 1979
11 10.4 Year 3 (1977)

No heat, no·Ume
Great Lakes Lettuce

A Lettuce Sludge 5.8 0 0.6 1.310 Chaney et al., 1978
0.84 1.7 Romaine Lettuce

. Backrfver sludge

A Lettuce Sludge 6.0 0 0.6 0.848 Chaney et al., 1978
2.24 2.5 RomaIne lettuce

Blue Plains sludge

A Lettuce Sludge 6.7 0 0.6 0.333 Chaney et al., 1978
1.5 1.1 Romaine lettuce

DigCompost

A Lettuce Sludge 5.6 0 0.6 5.119 Chaney et al., 1978
5.04 26.4 Romaine lettuce

Miloryanite

A Lettuce Sludge 5.5 0 0.6 3.333 Chaney et al., 1978
3.3 11.6 Romaine lettuce

DrfedDC

A Lettuce Sludge 6.5 0 0.61 0.607 Dowdy &Larson,
0.83 1.28 1975.
1.66 1.72
3.32 2.67

A Turnip/Greens Sludge 5.8 0 1.000 0.680 M/7/er &Boswen,
3 3.600 1979, p. 1361.
5.1 4.400
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TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

Study Chemical Application TIssUe Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (1I9/g DW) (2) Comments

A Cabbage Sludge 6.6 0 0.08 0.014 Keeferet aI, 1986.

0.7 0.12 Blue Plains sludge.

1.4 0.1

A Cabbage Sludge 7.1 0 0.08 0.010 Keefer et aI, 1986.

3.1 0.11 .Huntington sludge.

6.2 0.14

A Cabbage Sludge 6.9 0 0.08 0.014 Keeferet aI, 1986.

0.7 0.12 Martinsburg sludge.

1.4 0.1

A Cabbage Sludge 6.3 0 0.08 0.138 Keefer et aI, 1986.

0.4 0.14 Parkersburg sludge.

0.8 0.19

A Lettuce Composted N.R. 0 0.5 0.664 Chang et aI., 1978

Sludge 1.6 2.2
2.9 3.1
5.7 4.4

A Swiss Chard Composted N.R. 0 0.2 0.337 Chang et al., 1978

Sludge 1.6 0.4
2.9 0.7
5.7 2.1

A Turnip/Greens Composted N.R. 0 1.0 0.414 Chang et al., 1978

Sludge 1.2 1.2
2.2 2.7
4.3 2.6

A Lettuce Liquid sludge 6.5 0.6 o.n 0.406 Carlton Smith, 1988.

4.52 2.36 Means of5 years used.
Sandy/oam.

A Lettuce Bed-dried 6.5 0.6 0.73 0.129 Carlton Smith, 1988.

Sludge 12.57 2.27 Means of4 years used.
Sandy loam.

A Let\Uce Liquid sludge 6.7 1.4 5.72 0.313 Carlton Smith, 1988.

6.7 7.38 Means of5 years used.
Clay.

A Lettuce Bed-dried 6.7 1.4 4.65 0.079 Carlton Smith, 1988.

Sludge 15.12 ·5.74 Means of4 years used.
Clay.

A Lettuce Liquid sludge 8.0 . 1.44 0.63 0.172 Carlton Smith, 1988.

5.86 1.39 Means of5 years used.
Calcareous loam.

e-20



TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

Study Chemical Application TIssue Uptake
Type Plant! Form SoIl Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pgla DW) (2) Comments

A Lettuce Bed-dried 8.0 1.5 0.62 0.066 CQrlto.n Smith, 1988.
Sludge 22.12 1.99 Means of4 years used.

Calcareous loam.

A Cabbage Uquid sludge 6.5 0.6 0.11 0.010 Carlton Smith, 1988.
4.52 0.15 Means of5 years used.

Sandyloam.

A Cabbage Bed-dried 6.5 0.6 0.12 0.009 Carlton Smith, 1988.
Sludge 12.57 0.23 Means of4 years used.

Sandy loam.

A Cabbage Uquid sludge 6.7 1.4 0.27 0.002 CarfJon Smith, 1988.
6.7 0.28 Means of5 years used.

"
Clay.

A Cabbage Bed-dried 6.7 1.4 0.25 0.003 Carlton Smith, 1988.
Sludge 15.12 0.29 Means of4 years used.

Clay.

A Cabbage Uquld sludge 8.0 1.44 0.05 0.023 Carlton Smith, 1988.
5.86 0.15 Means of5 years used.

Calcareous loam.

A Cabbage Bed-dried 8.0 1.5 0.05 0.016 Carlton Smith, 1988.
Sludge 22.12 0.39 Means of4 years used.

Calcareous loam.

A Spinach SlUdge N.R. 0 5.4 0.405 Lue-Hlng et af, 1984.
4 11.9 1977 data used.
8 18.8 Nu-Earth.

16 16.9
20 14.6

A Swiss Chard Sludge N.R. 0 2.2 0.323 Lue-Hlng et ai, 1984.
4 4.9 1977 data used.
8 8.4 Nu-Earth.

16 7

" 20 10.2
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TABLE C-13

UPTAKE OF CADMIUM BY LEGUMES

Study Chemical Application TIssue Uptake

Type Plant! Form . Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) COmments

A Beanl Sludge 5.1-6.0 0 0.1 0.009 Giordano et al., 1979

Grain 11 0.2 Year 1 (1979)
No heat

Contender variety

A BeanlPod Compost 5.4 0 0.2 0.001 Giordano, Morlvedt,

0.8 0.2 Mays, 1975, p. 394.

1.6 0.2 1972 data used.

3.2 0.1

A BeanlPod Sludge 5.4 0 0.2 0.001 Giordano, Morlvedt,

2.5 0.2 Mays, 1975, p. 394.

5 0.2 1972 data used.

10 0.2

A Bean/Pod Compost 5.4 Q 0.1 0.001 Giordano, Morlvedt,

1.6 0.1 Mays, 1975, p. 394.

3.2 0.1 1972 data used.

6.4 0.1

A BeanlPod - Sludge 5.4 0 0.1 0.004 Giordano, Morlvedt,

5 0.2 Mays, 1975, p. 394.

10 0.2 1972 data used.

20 0.2

A Green Beanl Sludge 6.6 0 0.1 0.001 Keefer et aI, 1986.

Pod & Seed 0.7 0.1 Blue Plains sludge.

1.4 0.1

A Green Beanl Sludge 7.1 0 0.1 0.001 Keefer et aI, 1986.

Pod & Seed 3.1 0.1 Huntington sludge.

6.2 0.1

A Green Beanl Sludge 6.9 0 0.1 < 0.001 Keefer et aI, 1986.

Pod & Seed 0.7 0.1 Martinsburg sludge.

1.4 0.1

A Green Beanl ~Iudge 6.3 0 0.1 0.001 Keefer eLa/, 1986.

Pod & Seed 0.4 0.1 Parkersburg sludge.

0.8 0.1

A Green Beanl Sludge N.R. 0 0.1 0.012 /..Ue-Hing et aI, 1984.

Pod & Seed 4 0.1 19n data used.

8 0.2 Nu-E;arth.

16 0.3
20 0.3
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TABLE C-13 (cont.)

UPTAKE OF CADMIUM BY LEGUMES (cont.)

[Study Chemical Application TIssue ·Uptake
Type PJanU Form Soli Rates Concentration Slope ReferenCfil

(1) Tissue Applied pH (kg/ha) (",gig DW) (2) Comments

A Soybean! Umed digested 7.3-7.5 0.1 0.28 0.001 Chaney et aI, 1977.
Grain sludge 0.3 0.14 For control used

0.54 0.25 calcareous soil data.
0.66 0,2 Chaney's values are
1.08 0.05 means of3 reps.
1.42 0.1

A Soybean! Umedraw 7.3-7.7 0.1 0.28 0.001 Chaney et ai, 1977.
Grain sludge 0.28 0.14 For control used

0.32 0.09 calcareous soil data.
0.74 0.07 Chaney's values are

means of3 reps.

A Soybean! Raw sludge 6.6-7.3 0.1 0.280 0.001 Chaney et aI, 1977.
Grain compost 0.4 0.190 For control used

• 0.76 0.190 calcareous soil data.
1.26 0.220 Chaney's values are

2.620 0.280 means of3 reps.
4.820 0.250

A Soybean! Heat treated 5.9-6.0 0.140 0.140 0.027 Chaney et aI, 1977.
Grain sludge 0.860 0.110 Chaney's values are

High pH 1.260 0.190 means of3 reps.
2.840 0.20

A Soybean! Heat treated 5.3-5.6 0.140 0.340 0.001 Chaney et aI, 1977.
Grain sludge 0.780 0.240 Chaney's values are

Low pH 1.220 0.210 means of 3 reps.
2.860 0.230
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TABLE C-14

UPTAKE OF CADMIUM BY POTATOES

Study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (lJg/g DW) (2) Comments

A Potatol Sludge 4.7-6.2 0 0.11 0.001 Giordano et aI., 1979

Tuber 11 0.1 Year 2 (1976)
No heat

A Potato Sludge 5.3 0 0.12 0.038 Dowdy & LtJrson,

0.83 0.11 1975.

1.66 0.021
3.32 0.23

A Potatol Liquid sludge 6.5 0.6 0.15 0.01 Cartton Smith, 1988.

Tuber 4.52 0.19 Means of5 yesrsused.
Sandyloam.

A Potatol Bed-dried 6.5 0.6 0.16 0.003 Cartton Smith, 1988.

Tuber Sludge 12.57 0.2 Means of4 years used.
Sandy loam.

A Potatol Liquid sludge 6.7 1.4 0.52 0.001 Cartton Smith, 1988.

Tuber 6.7 0.49 Means of5 years used.
Clay.

A Potatol Bed-dried 6.7 1.4 0.53 0.001 Cat1!on Smith, 1988.

Tuber Sludge 15.12 0.41 Means of4 years,used.
Clay.

A Potatol liqUid sludge 8.0 1.44 0.06 0.014 Cartton Smith, 1988.

Tuber 5.86 0.12 Means of5 years used.
Calcareous loam.

A Potatol Bed-dried 8.0 1.5 0.06 0.004 Cartton Smith, 1988.

Tuber Sludge 22.12 0.15 Means of4 years used.
Calcareous loam.

e Potatol Organic, metal 6.6 39.2 0.29 0.007 Harris et al, 1978.

Tuber contaminated Vanessa-potato type.
soil

C Potatol Organic, metal 6.6 39.2 0.2 0.005 Hams et ai, 1978.

Tuber contaminated Pent/and Savelin-potato

soil type.

C Potatol Organic, metal 6.6 39.2 0.41 0.010 Harris et ai, 1978.

Tuber contaminated Home Guard-potato type.
soil

C Potatol Organic, metal 6.6 39.2 0.15 0.004 Harris et ai, 1978.

Tuber contaminated Desiree-potato type.
soil
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TABLE C-14 (cont.)

UPTAKE OF CADMIUM BY POTATOES (cont.)

fStudy Chemical Application TIssue . Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/gDW) (2) Comments

C Potato! Organic, metal 6.6 39.2 0.32 0.008 Harris fit ai, 1978.
Tuber contaminated King Edward-potato type.

5011

C Potato! Organic, metal 6.6 39.2 0.32 0.008 Harris et ai, 1978.
Tuber contaminated Majestic-potato type.

soil
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TABLE C-15

UPTAKE OF CADMIUM BY ROOTS

Study Chemical Application Tissue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (PO/g OW) (2) Comments

A CarrotlTuber Sludge 4.6-6.0 0 0.96 0.121 Giordano et aI., 1979

11 2.29 Year 3 (1977)
No heat, no lime

A Carrot Sludge 5.3 -0 0.48 0.202 Dowdy & Larson,

0.83 0.69 1975.

1.66 0.95
3.32 1.15

A Radish Sludge 5.3 0 0.13 0.056 Dowdy & Larson,

0.83 0.14 1975.

1.66 0.18
3.32 0.31

A RadishITuber Sludge 6.6 0 0.53 0.107 Keefer et aI, 1986.

.0.7 0.66 Blue Plains sludge.

1.4 0.68

A CarrotITuber Sludge 6.6 0 0.2 0.001 Keefer et aI, 1986.

0.7 0.32 Blue Plains sludge.

1.4 0.2

A RadishITuber Sludge 7.1 0 0.53 0.039 Keefer et aI, 1986.
3.1 0.79 Huntington sludge.

6.2 0.77

A CarrotITuber Sludge 7.1 0 0.200 0.001 Keeferet aI, 1986.

3.1 0.200 Huntington sludge.

6.2 0.200

A RadishITuber Sludge 6.9 0 0.53 0.029 Keefer et ai, 1986.

0.7 0.51 Martinsburg sludge.

1.4 0.57

A CarrotlTuber Sludge 6.9 0 0.2 0.001 Keeferet a/, 1986.

0.7 0.46 Martinsburg sludge.

1.4- J.2

A RadishlTuber Sludge 6.3 0 0.53 0.001 Keeferet aI, 1986.

0.4 0.35 Parkersburg sludge.

0.8 0.39

A CarrotITuber Sludge 6.3 0 0.2 0.001 Keefer et aI, 1986.

0.4 0.2 Parkersburg sludge.

0.8 0.2

A Radish Composted N.R. 0 0.5 0.432 Chang et a/., 1978

Sludge 1.6 0.7
2.9 1.9
5.7 2.8
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TABLE C-15 (cont.)

UPTAKE OF CADMIUM BY ROOTS (cont.)

Study Chemical Application TIssue Uptake
Type Plant! Form SoIl Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A RadishlTuber Composted N.R. 0 0.2 0.123 Ch.an~ at al., 1978
Sludge 1.6 0.4

2.9 0.6
5.7 0.9

A CarrotlTuber Composted N.R. 0 0.4 0.358 Chang et al., 1978
Sludge 1.6 . 0.9

2.9 1.6
5.7 2.4

A Carrot Composted N.R. 0 0.5 0.594 Chang et al., 1978
Sludge 1.6 1.6

2.9 2.5
5.7 3.9

w

A TumiplTuber Composted N.R. 0 0.2 0.043 Chang of al., 1978
Sludge 1.2 0.3

2.2 0.3
4.3 0.4

A Ryegrass Uquid sludge 6.5 0.6 0.11 0.048 Carlton Smith, 1988.
4.52 0.3 Means of5 years used.

Sandy loam.

A Red Beet! Uquid sludge 6.5 0.6 0.29 0.087 Carlton Smith, 1988.
Tuber 4.52 0.63 Means of[; years used.

Sandy loam.

A Red Beet! Becl--dried 6.5 0.6 0.23 0.038 Carlton Smith, 1988.
Tuber Sludge 12.57 0.69 Means of 4 years used.

Sandy loam.

A Red Beet! Uquid slUdge 6.7 1.4 1.0 0.042 Carlton Smith, 1988.
Tuber 6.7 1.22 Means of5 years used.

Clay.

A Red Beet! Becl--dried 6.7 1.4 0.8 0.034 Carlton Smith, 1988.
Tuber Sludge 15.12 1.26 Means of4 years used.

Clay.

A Red Beet! Uquid sludge 8.0 1.44 0.1 0.036 Carlton Smith, 1988.
Tuber 5.86 0.26 Means of5 years used.

Calcareous loam.

A Red Beet! Bed-dried 8.0 1.5 0.1 0.018 Carlton Smith, 1988.
Tuber Sludge 22.12 0.49 Means of 4 years used.

Calcareous loam.
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TABLE C-15 (cont.)

UPTAKE OF CADMIUM BY ROOTS (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Beet! .Sludge N.R. 0 0.5 0.078 Lue-Hing et ai, 1984.

Tuber 4 1 1977 data used.

8 1 Nu-Earth.

16 2
20 2

A Carrot! Sludge N.R. 0 1 0.061 Lue-I-!ing et ai, 1984.

Tuber 4 1.3 1977 data used.

8 1.3 Nu-Earth.

16 1.8
20 1.7
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TABLE C-16

UPTAKE OF CADMIUM BY SWEET CORN

fSludy ChemIcal ApplIcation TIssue Uptake
Type Plant! Form 5011 Rates Concentration Slope Referoncfil

(1) Tissue Applied pH (kglha) (POlO DW) (2) Comments

A SweetComl Sludge 5.1-6.0 0 0.1 0.155 Giordano et a/., 1979
Grain 11 1.8 Year 1 (1979)

No heat
Silver Queen com

A SWeetComl Sludge 5.3 0 0.02 0.01 Dowdy & Larson, 1975.
Grain 0.83 0.02

1.66 0.03
3.32 0.05

A SWeetCo,mI Compost 5.4 0 0.3 0.236 Giordano, Mortvedt,
Grain 0.8 0.7 Mays, 1975, p. 394.

1.6 0.9 ,1972 data used.
3.2 1.1

A SweetComl Sludge 5.4 0 0.3 0.08 Giordano, Mortvedt,
Grain 2.5 0.9 Mays, 1975, p. 394.

5 1 1972 data used.
10 1.2

A Com/Grain Compost 5.4 0 0.5 0.05 Giordano, Mortvedt,
1.6 0.5 Mays, 1975, p. 394.
3.2 0.6 1973 data used.
6.4 0.8

A ComlGraln Sludge 5.4 0 0.5 0.026 Giordano, Mortvedt,
5 0.7 Mays, 1975, p. 394.

10 1.1 1973 data used.
20 1

A SweetComl Sludge 6.6 0 0.08 0.064 Keeferet aI, 1986.
Grain 0.7 0.16 Blue Plains slUdge.

. 1.4 0.17

A SweetComl SlUdge 7.1 0 0.08 0.011 Keeferet aI, 1986.
Grain 3.1 0.1 Huntington sludge.

6.2 0.15

A SweetComl Sludge 6.9 0 0.08 0.071 Keefer et aI, 1986.
Grain 0.7 0.11 M~rtinsburg sludge.

1.4 0.18

A SweetComl SlUdge 6.3 0 0.08 0.1 Keefer et aI, 1986.
Grain 0.4 0.11 Parkersburg sludge.

0.8 0.16

A SWeetComl Sludge 6.5 0 0.05 0.026 Hemphill at &1, 1982.
Grain 1.5 0.09 Portland sludge.

A SweetComl Sludge 6.5 0 0.05 0.333 Hemphill et aI, 1982.
Grain 1.5 0.1 Rockcreek slUdge.
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TABLE C-17

UPTAKE OF COPPER BY FORAGE

Study Chemical Application Tissue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (...g/g DW) (2) COmments

A Natural Forage Sludge N.R. 13.2 2.28 0.738 Baxter et al•• 1983

27.1 12.5 Means reported

·A Corn/Leaf Sludge 6.6 0.000 8.0 0.001 Rappaport, 1987.

152 6.1 19B4data.

304 4.9

A Corn/Leaf Sludge 6.6 0 7.80 0.001 Rappaport, 1987.
1985 data.

152 7.7
304 8.2

A Com Sludge 6.6 0 4.90 0.001 . Rappaport. 1987.

152 5.3 1984 data.

304 4.5

A Com Sludge 6.6 0 6.60 0.003 Rappaport, 1987.

152 6.9 1985 data.

304 6.7

A Baney Sludge 6.6 0 1.0 0.006 Rappaport, 1987.

152 2.5 1985 data.

304 2.8

A Orchardgrass Sludge 6.6-7.2 0 9.58 0.023 Alberfcl, 1989.

50 10.72

A Quackgrass Sludge 6.6-7.2 0 5.96 0.052 'Alberlci, 1989.

50 8.55

A Bird's Foot Sludge 6.6-7.2 0 10.83 0.019 Alberlci, 1989.

Trefoil 50 11.8

A Tall Fescue Sludge 6.6-7.2 0 7.17 0.021 Albetici, 1989.

50 8.22

A Corn/Leaf Sludge 5.3-6.5 2 5.4 0.020 Sheaffer at al, 1979.

70 7.1 Applcationrete

132 8 based on measured
DTPAsoi

values.' Ambient
data (1976) used.

A Com Sludge 5.3-6.5 2 7.3 0.017 Sheafferet ai, 1979.

70 7.6 Applcation rete

132 9.6 based on measured
DTPAsoi

values. Ambient
data (1976) used.
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TABLE C-17 (cont.)

UPTAKE OF COPPER BY FORAGE (cont.)

IStudy Chemical Application nssue . Uptake
Typo Plantl Form son Rates Concentration Slope Reference!

(1) nssue Applied pH (kglha) (pg/g OW) (2) Comments

A Clover Sludge 5.3-6.3 2 7.3 0.051 Sheafferet al, 1979.
70 10.1 AmJwleafclover.

132 13.9

A Clover Sludge 5.3-6.3 2 7.1 0.018 Sheafferet aI, 1979.
70 8.4 Crimson clover.

132 9.4

A Cornlleaf Sludge 7.0-7.1 0 9.50 0.001 Webber et al, 1983,
67 9.5 p.190-193.

BnJnfforrl site.

A Com Sludge 5.~.3 0 4.90 0.05 Webberetal, 1983,
12 5.5 p.190-193.

Butfngton site.
w

A Cornlleaf Sludge 6.1-6.6 0 9.40 0.001 Webber et al,
53 6.9 1983. p. 190-193.

Galt site.

A ComILeaf Sludge 5.7-6.1 0 9.00 0.07 Webber et ai,
10 9.7 1983, p. 190-193.

Georgetown site.

A Cornlleaf Sludge 6.2-6.3 0 9.70 0.001 Webber et aI,
33 9.5 1983. p. 190-193.

Guelph site.

A Comlleaf Sludge 6.4-6.6 0 7.20 0.001 Webber et aI,
59 6 1983, p. 190-193.

Kltchenersite.

A ComILeaf Sludge 6.5 0 8.0 0.001 Webber et aI,
111 7.8 1983. p. 190-193:

strafford sts.

A Sudax SlUdge 5.0-6.0 0 6.10 0.031 KeHingetal,
5.4 7.2 1977, p. 353.

10.8 6.4 Atfngton site.
21.5 7.3
43 6.6
86 9.4

A Sudax Sludge 5.3-6.2 0 5.10 0.087 Keling et aI,
5.4 8 1977. p. 353.

10.8 9.5 Jones'4e site.
21.5 11.5
43 12.3
86 14.1
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TABLE C-17 (cont.)

UPTAKE OF COPPER BY FORAGE (cont.)

Study Chemical Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference! -

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Com Sludge 5.0-6.0 0 2.20 0.022 Ke/lingetal,

5.4 2.1 1977, p. 353.

10.8 2.2 Sutfngton sit&-

21.5 2.5 4th year.

43 2.8
86 4

A Com Sludge 5.3-6.2 0 2.20 0.012 Keling et ai, 1977,

5.4 2.1 p.353.

10.8 2.1 Jonesvi/l&-

21.5 2 3rdcrop.

43 2.6
86 3.1

A Ryegrass liquid sludge 6.5 42 6.40 0.071 Carlton Smith, 1988.

120 11.9 Means of5 years
• used. Sandy loam.

A Ryegrass Bed-dried 6.5 34 6.40 0.040 Carlton ~mith, 1988.

Sludge 257 15.4 Means of4 years
used. Sandy loam.

A Ryegrass liquid sludge 6.7 50 8.4 0.037 Carlton Smith, 1988.

147 13.5 Means of5 years
used. Clay.

A Ryegrass Bed-drjed 6.7 50 8.2 0.022 Carlton Smith, 1988.

Sludge 290 13.5 Means of4 years
used. Clay.

A Ryegrass liquid sludge 8.0 33 9.6 0.034 Carlton Smith, 1988.

113 12.3 Means of5 years
used.

Calcareous loam.

A Ryegrass Bed-dried 8.0 33 9.3 0.021 Carlton Smith, 1988.

Sludge 381 16.7 Means of4 years
used.

Calcareous loam.

A Barley/Leaf Sludge 6.2-6.4 0 4.23 .0.003 Sommers et ai, 1991.

135 4.63 Ohio data used.

B Rape Sludge 5.6 0 25.75 0.001 NaMal et ai, 1983.

34.35 7.19 1st harvest.

68.7 6.95

B Rape Sludge 6.0 0 11.27 0.001 NaMal et ai, 1983.

34.35 7.02 1st harvest.

68.7 7.54

C-32



TABLE C-17 (cont.)

UPTAKE OF COPPER BY FORAGE (cont.)

IStudy ChemIcal Application Tissue Uptake
Type PlanU Form Soli Rates Concentration Slope Re'fH'fNIce/

(1) Tissue Applied pH (kglba) (pa/g DW) (2) Comments

B Rape Sludge 7.5 0 6.88 0.110 Narwal et at, 1983.
34.35 7

.,' ..
1stharvest.

68.7 14.47

B Rape Sludge 5.6 0 19.35 0.001 NlJrwal et aI, 1983.
34.35 12.36 2ndharvest.
68.7 8.7

B Rape Sludge 6.0 0 17.71 0.001 Narwal et aI, 1983.
34.35 8.51 2nd harvest.
68.7 9.01

B Rape Sludge '7.5 0 8.37 0.069 Narwal fit aI, 1983.
34.35. 8.78 2ndharvest.
68.7 13.09•
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TABLE C-18

UPTAKE OF COPPER BY GARDEN FRUITS

study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (lJg/g DW) (2) Comments

A Tomato/Fruit . Sludge 5.9-7.1 0 9.3 0.056 Keeferet ai, 1986.

17 11.6 Blue Plains sludge.

34 11.2 Early fruiting.

A TomatolFruit Sludge 5.9-7.1 0 8.6 0.038 Keeferet ai, 1986.

17 12.7 Blue Plains sludge.

34 9.9 Late fruiting.

A Tomato/Fruit Sludge 5.9-7.1 0 9.3 0.007 Keeferet ai, 1986.
342 11.9 Huntington sludge.
684 14.3 Early fruiting.

A Tomato/Fruit SlUdge 5.9-7.1 0 8.6 0.003 Keefer et al; 1986.

342 9.7 Huntington sludge.

684 10.6 Late fruiting.

A TomatolFruit Sludge 5.9-7.1 rf 9.3 0.042 Keeferet ai, 1986.

24 10 Martinsburg sludge.

48 11.3 Early fruiting;-

A TomatolFruit _Sludge 5.9-7.1 0 8.6 0.054 Keefer et ai, 1986.

24 11.4 Martinsburg sludge.
48 11.2 Late fruiting.

A Celery Sludge 7.3 0 4.3 0.001 Peterson et aI, 1989.
11.05 6.1
22.1 5
44.2 4.6

A Tomato/Fruit S!udge 7.3 0 16.2 0.001 Peterson et ai, 198f1.

11.05 18.6
22.1 15.7
44.2 15.9

A Tomato/Fruit Sludge 5.9-7.1 0 9.3 0.0145 Keefer et ai, 1986.

11 12.9 Parkersburg sludge.

22 12.5 Early fruiting.

A Tomato/Fruit S!udge 5.9-7.1 0 8.6 0.068 Keeferet ai, 1986.

11 11.9 Parkersburg sludge.

22 10.1 Late fruiting.

A Tomato/Fruit Sludge N.R. D 17 0.036 LutH1;ng et ai, 1984.

26 17· 1977 data used.

52 19 Nu-Earth.

103 26
129 18
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TABLE C-18 (cant.)

UPTAKE OF COPPER BY GARDEN FRUITS (cant.)

!Study ChemIcal Application Tissue Uptake
Type Plant! Form Soli Rates Concentration Slope .Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

S Green Pepperl SlUdge 6.4 0 5.8 0.021 Fun-eta/,1981.
Fruit 249 11 Acid soil, 2nd year.

S Green Pepperl Sludge 6.4 0 7.1 0.01 Fun-eta/,1981.
Fruit 249 9.6 Neutral soil, 2nd year.

S Pea/Grain SlUdge 6.4 0 4.6 0.014 Fun-eta/,1981.
249 8.2 Acid soil, 2nd year.

S Pea/Grain SlUdge 6.4 0 6.1 0.012 Fun-eta/,·1981.
249 9.1 Neutral soil, 2nd year.
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TABLE C-19

UPTAKE OF COPPER BY GRAINS/CEREALS

Study. Chemical Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (1J9/g DW) (2) Comments

A Com/Grain Sludge 6.6 0 4.5 0.001 Rappaport, 1987.

152 3.8 1984 data.

304 3.9

A Com/Grain Sludge 6.6 0 2.2 0.004 Rappaport, 1987.
152 2.9 1985 data.

304 2.3

A Com/Grain Sludge 5.3-6.5 2 1.1 0.004 Sheaffer et ai, 1979.

70 1.7 Application rate based

132 1.6 on measured DTPA
.soil values. Ambient

temp. data (1976) used.

A Oats/Grain Sludge 5.3-6.3 2 1.5 0.008 Sheafferet ai, 1979.

79 2.6
132 2.5

A RyelGrain Sludge 5.3-6.3 2 4.5 0.017 Sheafferet ai, 1979.
70 6.6

132 6.7

A Wheat/Grain Sludge 5.3-6.3 2 2.1 0.012 Sheaffer et ai, 1979.

70 3.2
132 3.7

A Wheat/Grain Sludge N.R.(3) 0 3.5 0.007 Sabey and Halt, 1975,

90 4.46 p.255.

360 5.96

A Rye/Grain Sludge 5.0-6.0 0 3.9 0.08 Kelling et ai, 19n,
5.4 5.8 p.353.

10.8 7 Arlington site.

21.5 8.2
43 9.4
86 11.7

A Rye/Grain Sludge 5.3-6.2 0 5.6 0.042 Kelling et al. 19n,
5.4 5.3 p.353.

10.8 5.5 Jonesville site.

21.5 5.7
43 7
86 8.9

A Com/Grain Sludge 5.0-6.0 0 1.4 0.001 Kelling et ai, 19n,

5.4 1.4 p.353
10.8 1.2 Burlington site-4th year.

21.5 1.1
43 1.2
86 1.2
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TABLE C-19 (cont.)

UPTAKE OF COPPER BY GRAINS/CEREALS (cont.)

:study Chemical Application TisSue . Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Wheat/Grain Liquid sludge 6.5 42 5 0.026 Carlton Smith, 1988.
120 7 Means of5 years used.

Sandy loam.

A Wheat/Grain Becklried 6.5 34 5 0.013 Carlton Smith, 1988.
Sludge 257 8 Means of4 years used.

Sandy loam.

A Wheat/Grain liqUid sludge 6.7 50 6 0.010 Carlton Smith, 1988.
147 7 Means of5 years used.

Clay.

A Wheat/Grain Bed-dried 6.7 50 6 0.008 Carlton Smith, 1988.
Sludge 290 8 Means of4 years used.

Clay.
~

A Wheat/Grain Liquid sludge 8.0 33 5 0.013 Carlton Smith, 1988.
113 6 Means of5 years used.

Calcareous loam.

A Wheat/Grain Bed-dried 8.0 33 5 0.006 Carlton Smith, 1988.
Sludge 381 7 Means of4 years used.

Calcareous loam.

A Barley/Grain Sludge 6.2-6.4 0 3.49 0.001 Sommers et ai, 1991.
135 3.55 Ohio data used.
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TABLE C-20

UPTAKE OF COPPER BY LEAFY VEGETABLES

Study Chemical Application TIssue Uptake

Type Plantl Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) COmments

A Lettuce Heat-Treated 5.3-5.4 0 7.7 0.042 Chaney et al., 1982

Sludge 90 11.5 Romaine Lettuce

A Lettuce Heat-Treated 6.2 0 7.5 0.033 Chaney et al., 1982

Sludge 90 10.5 Romaine Lettuce

A Lettuce Nu-Earth 5.3-5.6 0 7.7 0.026 Chaney et a/., 1982

116 10.7 Romaine Lettuce

A Lettuce Nu-Earth 6.2-6.6 0 7.5 0.01 Chaneyet a/., 1982

116 8.7 Romaine Lettuce

A Swiss Chard Heat-Treated 5.7 0 10.3 0.121 Chaneyet al., 1982

Sludge 90 21.2

A Swiss Chard Heat-Treated 6.7-6.8 0 10.8. 0.062 Chaney et al., 1982

Sludge 9Qo 16.4

A Swiss Chard Nu-Earth 5.7-6.3 0 10.3 0.047 Chaney et a/., 1982

116 15.8

A Swiss Chard Nu-Earth 6.7 0 10.8 0:027 Chaney et al., 1982

116 13.9

A Collard Greens Heat-Treated 5.5-5.6 0 5.5 0.022 Chaney et al., 1982

Sludge 90 7.5

A Collard Greens Heat-Treated 6.3-6.4 0 4.5 0.027 Chaney et a/., 1982

Sludge 90 6.9

A Collard Greens Nu-Earth 5.5-6.3 0 5.5 0.008 Chaney et a/., 1982

116 6.4

A Collard Greens Nu-Earth 6.4-6.8 0 4.5 0.012 Chaney et al., 1982

116 5.9

A Cabbage Sludge 5.9-7.1 0 3.1 0.006 Keefer et aI, 1ge6.

17 3.4 Blue Plains sludge.

34 3.3

A Cabbage Sludge 5.9-7.1 0 3.1 0.002 Keefer et aI, 1986.

342 4.1 Huntington sludge.

684 4.4

A Cabbage Sludge 5.9-7.1 0 3.1 0.006 Keefer et aI, 1986.

24 3.7 Martinsburg sludge.

48 3.4
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TABLE C-20 (cant.)

UPTAKE OF COPPER BY LEAFY VEGETABLES (cant.)

Study Chemical Application Tissue Uptake
Type PJanU Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Cabbage Sludge 5.9-7.1 0 3.1 0.027 Keefer et ai, 1986.
11 3.4 Parkersburg slUdge.
22 3.7

A Cabbage Sludge 7.3 0 2.9 0.001 Peterson et ai, 1989.
11.05 3.4
22.1 3.1
44.2 3.1

A Lettuce Sludge 7.3 0 18.8 0.001 Peterson et ai, 1989.
11.05 16.4
22.1 16.1
44.2 15.7

A Lettuce liqUid slUdge 6.5 42 11 0.064 Carlton Smith, 1988.
120 16 Means of5 years used.

Sandy/oam.

A Lettuce Bed-dried 6.5 34 8 0.049 Carlton Smith, 1988.
Sludge 257 19 M~lJns of4 years used.

Sandy loam.

A Lettuce liquid sludge 6.7 50 18 0.001 Carlton Smith, 1988.
147 18 Means of.5 years used.

Clay.

A Lettuce. Bed-dried 6.7 50 17 0.001 Carlton Smith, 1988.
Sludge 290 16 Means of4 years used.

Clay.

A Lettuce liquid slUdge 8.0 33 13 0.013 Carlton Smith, 1988.
113 14 Means of5 years used.

Calcareous loam..

A Lettuce Bed-dried 8.0 33 13 0.009 Carlton Smith, 1988.
Sludge 381 16 Means of4 years used.

Calcareous loam.

A Cabbage liquid sludge 6.5 42 3.7 0.015 Carlton Smith, 1988.
120 4.9 Means of5 years used.

Sandy loam.

A Cabbage Bed-dried 6.5 34 3.8 0.008 Carlton Smith, 1988.
Sludge 257 5.6 Means of 4 years used.

Sandy loam.

A Cabbage liquid sludge 6.7 50 3.3 0.015 Carlton Smith, 1988.
147 4.8 Means of5 years used.

Clay.

0-39



TABLE C-20 (cont.) .

UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.)

Study Chemical Application Tissue Uptake

Type Plant! Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) COmments

A Cabbage Bed-dried· 6.7 50 3.2 0.006 Carlton Smith, 1988.

Sludge 290 4.6 Means of 4 years used.
Clay.

A Cabbage Uquid sludge 8.0 33 2.8 0.023 Carlton Smith, 1988..

113 3.8 Means of5 years used.
Calcareous loam.

A Cabbage Bed-dried 8.0 33 2.8 0.009 Carlton Smith, 1988.

Sludge 381 5.8 Means of4 years used..
Calcareous loam.

A Spinach Sludge N.R. 0 13 0.029 Lue-Hing et ai, 1984.

26 17 1977 data used.

52 20 Nu-Earth.

103 18
129' 18

A Swiss Chard Sludge N.R. 0 21 0.048 Lue-Hing et ai, 1984.

26 29 1977 data used.

52 36 Nu-Earth.

103 27
129 32

B Lettuce Sludge 5.8-7.7 0 17.2 0.001 Hue et ai, 1988.

19.8 26.3 Akaka Andept soil.

39.6 18.5
79.2 16.3

B Lettuce Sludge 8.2-8.4 0 21 0.197 Hue et ai, 198ft

19.8 24 Lualua/ei Vertical soil.

39.6 31.8
79.2 36

B Lettuce Sludge 5.4-8.1 0 26.5 0.001 Hue et ai, .1988.

19.8 27.2 Wahiawa Oxisol SOil.

39.6 24.8
79.2 21.3

-

B Lettuce Sludge 6.4 0 6.7 0.008 Fu"et ai, 1981.

249 8.7 Acid soil, 2nd year.
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TABLE C-20 (cont.)

UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.)

!Study ChemIcal ApplIcation Tissue Uptake
Type Plant! Form SoIl Rates Concentration Slope Referencei

(1) Tissue Applied pH (kglha) (..gIg DW) (2) Comments

B Spinach Sludge 6.4 0 4.2 0.031 Furr et aI, 1981.
249 12 Acid soil, 2nd year.

B Lettuce Sludge 6.4 0 6.5 .0.011 Furret aI, 1981.
249 9.3 Neutral soil, 2nd year.

B Spinach Sludge 6.4 0 5.3 0.023' Furret aI, 1981.
249, 11.1 Neutral soil, 2nd year.
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TABLE -C -21

UPTAKE OF COPPER BY LEGUMES

Study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

A Green Bean! Sludge 5.9-7.1 0 10.5 0.001 Keeferet aI, 1986.

Grain 17 9.8 Blue Plains sludge.

34 9.5

A Green Bean! Sludge 5.9-7.1 0 10.5 0.001 Keeferet aI, 1986.

Grain 342 10 Huntington sludge.

684 10.9

A Green Bean! Sludge 5.9-7.1 0 10.5 0.001 Keefer et aI, 1986.

Grain 24 10.4 Martinsburg sludge.

48 10.3

A Green Bean! Sludge 5.9-7.1 0 10.5 0.001 Keeferet aI, 1986.

Grain 11 11.3 Parkersburg sludge.

22 10.4

•
A Snap Bean! Sludge-: 5.3-6.5 0 2.9 0.009 Dowdyet aI, 1978,

Grain 130 8 p.255.

269 8.3 3rd year data used.

.520 8.5

A Snap Bean! Sludge 5.3-6.5 0 4.1 0.013 Latterell et aI, 1978,

Grain 26.3 6.7· p.255.

52.6 7.4
66 8

105 8.8
132 8.4
263 8.6

A Bean! Sludge 7.3 0 10.7 0.339 Peterson ~t aI, 1989.

Grain 11.05 9.9
22.1 15.1
44.2 24.5

A Green Bean! Sludge N.R. 0 10 0.001 Lue-Hing et aI, 1984.

Pod & Seed 26 10 1977 data used.

52 10 Nu-Earth

103 9
129 9.

A Soybeanl Umed digested 7.3-7.5 14 14.8 0.001 Chaney et aI, .1977.

Grain sludge 21 13.8 For control, used

26 13.4 calcelOus soil

38 12.7 data. Chaney's

56 12.6 values are
74 13.5 means of3 reps.
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TABLE C -21 (cont.)

UPTAKE OF COPPER BY LEGUMES (cont.)

~y Chemical ApplJcaUon TIssue .Uptake
Type PlanU Form Soli Rates Concentratlop Slope ReferenCG!

(1) Tissue Applied pH (kglha) (lJg/g OW) (2) COmments

A Soybean! Umedraw 7.3-7.7 14 14.8 0.001 Chaney et aI, 1977.
Grain sludge 25 14.3 For control, used

25 14.1 ca/cerous soil
47 13.2 data. Ch~ney's

values are
means of3 reps.

A Soybean! Raw sludge 6.6-7.3 14 14.8 0.001 Chaneyet aI, 1977.
Grain compost 23 13.2 For control, used

33 12.7 ca/cerous soil
38 13 data. Chaney's
97 13.5 values are

172 13.3 means of3 reps.

A Soybean! Heat treated 5.9-6.0 1~ 14.5 0.001 Chaney et aI, 1977.
Grain sludge 37 14.3 Chaney's values 8tl!J

High pH 40 14.1 means of3 reps.
78 13.7

A Soybean! Heat treated 5.3-5.6 13 13.7 0.001 Chaney et aI, 1977.
Grain sludge 34 13.2 Chaney's values are

Low pH 46 12.4 means of3 reps.
87 11
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TABLE C-22

UPTAKE OF COPPER BY POTATOES

Study Chemical Application TIssue Uptake

Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kg/ha) (pg/g DW) (2) Comments

A PotatofTuber Liquid sludge 6.5 42 0.15 0.001 Carlton Smith, 1988.

120 0.19 Means of5 years used.
Sandyloam.

A PotatofTuber Bed-dried 6.5 34 0.16 0.001 Carlton Smith, 1988.

Sludge 257 0.2 ' Means of4 years used.
Sandyloam.

A PotatofTuber Liquid sludge 6.7 50 0.52 0.001 Carlton Smith, 1988.

147 0.61 Means of5 years used.
Clay.,

A PotatofTuber Bed-dried 6.7 50 0.53 0.001 Carlton Smith, 1988.

Sludge 290 0.41 Means of4 years used.
Clay.

A PotatofTuber Liquid sludge 8.0 33 0.05 0.001 Carlton Smith, 1988.

113 0.116 Means of5 years used.
Caicareous loam.

A PotatofTuber Bed-dried 8.0 33 0.06 0.001 Carlton Smith, 1988.

Sludge 381 0.15 Means of4 years used.
Calcareous loam.

B Sweet Potatol Sludge 6.4 0 3.4 0.007 Fun-etal,1981.

Tuber 249 5.2 Acid soil, 2nd year.

B Sweet Potatol Sludge 6.9 0 4.6 0.005 Fun- et aI, 1981.

Tuber 249 5.9 Neutral soil, 2nd year.

C PotatofTuber Organic, metal 6.6 1504 7.71 0.005 Harris et aI, 1978.

contaminated soil Vanessa-potato type.

C PotatofTuber Organic, metal 6.6 1504 0.55 0.006 Harris et aI, 1978.

contaminated soil Pentland Javelin-
potato type.

C PotatofTuber Organic, metal 6.6 1504 8.55 0.006 Harris et ai, 1978.

contaminated son Home Guard-
potato type.

C PotatolTuber Organic, metal 6.6 1504 8.33 0.006 Harris et aI, 1978.

contaminated soil Desiree-potato type.

C PotatofTuber Organic, metal 6.6 1504 6.76 0.004 Harris et aI, 1978.

contaminated soil King Ed.....ard-
potato type.

C PotatofTuber Organic, metal 6.6 1504 9.03 0.006 Harris et aI, 1978.

contaminated soil Majestic-potato type.
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TABLE C-23

UPTAKE OF COPPER BY ROOTS

Study Chemical Application Tissue Uptake
Type Plant/ Form Soli Rates ConcentraUon Slope Reference!

(1) Tissue Applied pH (kglha) (POlg DW) (2) Comments

A Radish/Tuber Sludge 5.9-7.1 0 3.9 0.015 Keefer et ai, 1986.
. 17 4.7 Blue Plains sludge.
34 4.4

A CarrotITuber SlUdge 5.9-7.1 0 7.5 0.001 Keefer et ai, 1986.
17 6.5 Blue Plains sludge.
34 7.1

A RacflShlTuber Sludge 5.9-7.1 0 3.9 0.004 Keefer et ai, 1986.
342 5.4 Huntington sludge.
684 6.4

A CarrotlTuber Sludge 5.9-7.1 0 7.5 0.007 Keefer et ai, 1986.
342 7.5 Huntington sludge.
684 12.5

•
A RadishlTuber Sludge 5.9-7.1 0 3.9 0.013 Keeferet ai, 1986.

24 4.1 Martinsburg slUdge.
48 4.5

A CarrotITuber Sludge 5.9-7.1 0 7.5 0.006 Keeferet ai, 1986.
24 7.8 Martinsburg slUdge.
48 7.8

A RadishlTuber Sludge 5.9-7.1 0 3.9 0.001 Keefer et ai, 1986.
11 2.4 Parkersburg slUdge.
22 2.6

A CarrotITuber Sludge 5.9-7.1 0 7.5 0.001 Keefer et ai, 1986.
11 7 Parkersburg sludge.
22 6.2

A OnlonlBulb Sludge 7.3 0 6.2 0.001 Peterson et aI, 1989.
11.05 5.6
22.1 6.1
44.2 4.6

A Red Beet! Uquid sludge 6.5 42 7.4 0.013 Carlton Smith, 1988.
Tuber 120 8.4 Means of5 years used.

Sandy loam.

A Red Beet! Bed-dried 6.5 34 7.2 0.008 Carlton Smith, 1988.
Tuber Sludge 257 8.9 Means of4 years used.

Sandy loam.

A R~d Beet/ Uquid sludge 6.7 50 8.8 0.001 Carlton Smith, 1988.
Tuber 147 8.9 Means of5 years used.

Clay.
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TABLE C-23 (cont.)

UPTAKE OF COPPER BY ROOTS (cont.)

Study Chemical Application Tissue Uptake

Type Plantl Form 5011 Rates Concentration Slope Reference! .

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A Red Beet! Bed-dried 6.7 50 8.6 0.001 Carlton Smith, 1988.

Tuber Sludge 290 8.8 Means of4 years used.
Clay.

A Red Beeti Uquid sludge 8.0 33 7.6 0.013 Carlton Smith, 1988.

Tuber 113 8.6 Means of5 yeafS used.
Calcareous loam.

A Red Beet! Bed-dried 8.0 33 7.1 0.007 Carlton Smith, 1988.

Tuber Sludge 381 9.4 Means of4 yeafS used.
Calcareous loam.

B Kohlrabi! Sludge 6.4 0 1.3 0.012 ·Fu"eta/,1981.

Tuber 249 4.3 Neutral soil, 2nd year.

B Turnipl Sludge 6.9 0 1.8 0.024 Fu"et ai, 1981.

Tuber 249 7.8 Neutral soil, 2nd year.
•
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TABLE C-24

UPTAKE OF COPPER BY SWEET CORN

Study ChemIcal Application Tlssu~ Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue ApplIed pH (kglha) (pg/g DW) (2) Comments

A Sweet Com/ Sludge 5.9-7.1 0 2.9 0.001 Keefer et ai, 1986.
Grain 17 3.1 Blue Plains slUdge.

34 2.6

A Sweet Com/ Sludge 5.9-7.1 0 2.9 0.001 Keeferet ai, 1986.
Grain 342 2.7 Huntington sludge.

684 2.9

A Sweet Com/ Sludge 5.9-7.1 o· 2.9 0.002 Keefer et ai, 1986.
Grain 24 3.1 Martinsburg slUdge.

48 3

A Sweet Com/ Sludge 5.9-7.1 0 2.4 0.005 Keeferetal, 1986.
Grain 11 3 Parkersburg slUdge.

22 3
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TABLE C·25

UPTAKE OF LEAD BY FORAGE

study Ch~mlcal Application TIssue Uptake

Type Plant! Form. 5011 Rates Concentration Slope Reference! .

(1) Tissue Applied pH (kglha) (pglg OW) (2) Comments

A Natural Forage Sludge N.R. 17.531 2.3 0.001 Baxter et al., 1983

31.8 0.75

·A Ryegrass Liquid Sludge 6.5 56.8 2.0 0.003 Carlton Smith, 1988.

132.8 2.2 Means of
5 years used.
Sandy loam.

A Ryegrass Bed-dried 6.5 56.6 1.7 0.002 Carlton Smith, 1988.

Sludge 218.6 2 Means of
4 years used.
Sandy loam.

A Ryegra~s liqUid Sludge 6.7 63.0 1.9 0.001 Carlton Smith, 1988.

154.4 2 Means of
5 years used.

Clay.

A Ryegrass Bed-dried 6.7 62.4 2.2 0.003 Carlton Smith, 1988.

Sludge 225.4 2.7 Means of
4 years used.

Clay.

A Ryegrass Liquid Sludge 8.0 111.2 3.5 0.002 Carlton Smith, 1988.

159.6 3.6 Means of
5 years used.

Calcareous loam.

A Ryegrass Bed-dried 8.0 110.6 3.3 0.002 Carlton Smith, 1988.

Sludge 331 3.8 Means of
4'years used.

Calcareous loam.

A Com Sludge 5.3-5.6 0.0 3.4 0.001 Giordano et al., 1975.

156 1.5
312 1.1
624 2.5

A Com Sludge 5.3 0.0 ~.5 0.001 Dowdy & Larson, 1975.

58 5
116 5
232 4

A Reed Canary Liquid 6.2-7.4 0 0.9 0.073 Duncomb et al., 1982.

Grass sludge 22 2.5
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TABLE C-26

UPTAKE OF LEAD BY GARDEN FRUITS

Study Chemical Application TIssue ,Uptake
Type Plant! Form Soli Rates Concentratlop Slope ReffllWlcel

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Pea/Grain Sludge 5.3 0 <0.1 0.001 Dowdy & Larson, 1975.
58 - <0.1

116 <0.1
232 <0.1

A Tomato/Fruit Sludge 5.3 0 <0.4 0.001 Dowdy & Lsrson, 1975.
58 <0.4

116 <0.4
232 <0.4

A Com/Grain Sludge 5.3 0 <0.2 0.001 Dowdy & Larson. 1975.
58 <0.2

116 <0.2
232 <0.2

A PeaIPod Sludge 5.3 Q 0.4 0.001 Dowdy & Lsrson, 1975.
58 0.4

116 0.4
232 0.6

A Tomato/Fruit Sludge 5.9-6.6 0 0.76 0.001 Keefer et sl., 1986.
25 0.68 Blue Pisins sludge.
50 0.82 Esrly fruiting.

A Tomato/Fruit SlUdge 5.9-6.6 0 0.93 0.001 Keefer et sl., 1986.
25 0.4 Blue Pisins sludge.
50 0.62 Late fruiting.

A TomatolFruit Sludge 5.9-7.1 0 0.76 0.007 Keefer et sl., 1986.
33 0.62 Huntington sludge.
66 1.24 Esrly fruiting.

A Tomato/Fruit Sludge 5.9-7.1 0 0.93 0.011 Keeferet sl., 1986.
33 1.58 Huntington sludge..
66 1.64 Lete fruiting.

A Tomat:)/Fruit Sludge 5.9-6.3 0 0.76 0.002 Keefer et sl., 1986.
32 0.56 Msrtinsburg sludge.
64 0.82 Esrly fruiting.

A Tomato/Fruit Sludge 5.9-6.3 0 0.93 0.001 Keefer et a/., 1986.
32 0.96 Msrtinsburg sludge.
64 0.46 Late fruiting.

~ Tomato/Fruit SlUdge 5.9-6.6 0 0.16 0.001 Keeferet sl., 1986.
55 0.82 Psrkersburg sludge.

110 0.7 Esrly fruiting.
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TABLE C-26 (cont.)

UPTAKE OF LEAD BY GARDEN FRUITS (cont.)

Study Chemical Application TIssue Uptal<e

Type Plant! Form Soli Rates Concentration Slope

(1) Tissue Applied pH (kglha) (1I9/g OW) (2)

A TomatolFruit Sludge 5.9-6.6 0 0.93 0.003
55 1.42

110 1.24
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Comments

Keefer et al., 1986.
Parkersburg sludge.
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TABLE C-27

UPTAKE OF LEAD BY GRAINS/CEREALS

!Study Chemical ApplIcation TIssue Uptake
Type Plant! Form Soli Rates Concentration ,Slope Reference!

(1) TIssue Applied pH (kgJha) (pg/g OW) (2) Comments

A Wheat/Grain Uquid Sludge 6.5 56.8 0.80 0.001 Carlton Smith, 1988.
132.8 0.8 Means Qf5.yeats used.

Sandyloam.

A Wheat/Grain Bed-dried 6.5 56.6 0.80 0.001 Carlton Smith, 1988.
Sludge 218.6 0.8 Means of4 yeats used.

Sandyloam.

A Wheat/Grain Uquid Sludge 6.7 63.0 0.80 0.001 Carlton Smith, 1988.
154.4 0.8 Means of5 yeats used.

Clay.

A Wheat/Grain Bed-dried 6.7 62.4 0.90 0.001 Carlton Smith, 1988.
Sludge 225.4 1 Means o~4 yeats used.

Clay.

•A Wheat/Grain Uquid Sludge 8.0 111.2 0.80 0.001 Carlton Smith, 1988.
159.6 0.8 Means of5 yeats used.

Calcareous loam.

A Wheat/Grain Bed-dried 8.0 110.6 0.90 0.001 Carlton Smith, 1988.
Sludge 331 1 Means of4 yeats used.

Calcareous loam.

A Com/Grain Sludge 5.3-5.6 0.0 0.9 0.001 Giordano et al., 1975.
156 0.5
312 0.6
624 1

A CornlGrain Sludge 5.3 0.0 <0.2 0.001 Dowdy & Latson, 1975.
58 <0.2

116 <0.2
232 <0.2

A Oat/Grain Umed digested 7.3-7.5 20.0 0.38 0.004 Chaney et ai, 19n.
slUdge 29 0.27 For control, used

33 0.36 calcareous so/l data.
42.6 0.97 Chaney's values
59.8 0.51 are means of 3 reps.
73.4 0.54

A Oat/Grain Umed raY{ 7.3-7.7 20.2 0.38 0.002 Chaney et ai, 19n.
sludge 27.6 0.4 For control, used

31.8 0.36 calcareous so/l data.
51.8 0.44 . Chaney's values

are means of3 reps.

e-51



TABLE C-27 (cont.)

UPTAKE OF LEAD BY GRAINS/CEREALS (cont.)

Study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope Referencel

(1) Tissue Applied pH (kglha) ("gIg OW) (2) Comments

A Oat/Grain Raw sludge 6.6-7.3 20.2 0.38 0.001 Chaney et aI, 19n.

.,:ompost 33 0.37 For control, used

43.8 0.46 calcareous soil data.

63 0.46 Chaney's values

112.2 0~39 are means of3 reps.

186.6 0.51

A Oat/Grain Heat treated 5.9-6.0 21.4 0.57 0.001 Chaney et aI, 19n.

sludge 47 0.36 Chaney's values

High pH 48.8 0.03 are means of3 reps.

88.8 0.03

A Oat/Grain Heat treated 5.3-5.6 21.4 0.38 0.004 Chaney et aI, 19n.

sludge 43.8 0.36 Chaney's values

Low pH 52.8 0.4 are means of3 reps.

92.8 0.67
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TABLE C-28

UPTAKE OF LEAD BY LEAFY VEGETABLES

~tudy ChemIcal Application TIssue Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (J.Jg/gDW) (2) Comments

A Lettuce Heat-Treated 5.3-5.4 0 1 0.001 Chaney fit al., 1982
Sludge 81 1 Romaine Lettuce

A Lettuce Heat-Treated 6.2 0 1.1 0.001 Chaney et aI., 1982
Sludge 81 1 Romaine Lettuce

A Lettuce Nu-Earth 5.3-5.6 0 1 0.001 Chaney et al., 1982
87 1.1 Romaine Lettuce

A Lettuce Nu-Earth 6.2-6.6 0 1.1 0.001 Chaney .taI., 1982
87 0.6 Romaine Lettuce

A Swiss Chard Heat-Treated 5.7 0 3.4 0.001 Chaney et aI., 1982
SlUdge 81 2.1

A Swiss Chard Heat-Treated 6.7-6.8 -0 2.7 0.001 Chaney et al., 1982
Sludge 81 1.5

A SwlssChard Nu-Earth 5.7 0 3.4 0.001 Chaney .taI., 1982
87 1.2

A Swiss Chard Nu-Earth 6.7-6.8 0 2.7 0.001 Chaney et aI., 1982
87 1.5

A Collard Heat-Treated 5.5-5.6 0 2.4 0.001 Chaney et aI., 1982
Greens Sludge 81 1.9

A Collard Heat-Treated 6.4-6.3 0 1.9 0.007 Chaney et al., 1982
Greens Sludge 81 2.5

A Conard Nu-Earth 5.5-6.3 0 2.4 0.001 Chaney et al., 1982
Greens 87 2.2

A Conard Nu-Earth 6.4-6.8 0 1.9 0.001 Chaney et aI., 1982
Greens 87 1..9

A Lettuce Uquld Sludge 6.5 56.8 1.3 0.004 Carlton Smith, 1988.
132.8 1.6 Means of5 years used.

Sandy loam.

A Lettuce Bed-dried 6.5 56.6 0.9 0.001 Carlton Smith, 1988.
SlUdge 218.6 0.9 Means of <4 years used.

Sandy loam.

A Lettuce Uquid Sludge 6.7 63 2.28 0.001 Carlton Smith, 1988.
154.4 2.34 Means of5 years used.

Clay.
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TABLE C-28 (cont.)

UPTAKE OF LEAD BY LEAFY, VEGETABLES (cont.)

Study Chemical Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) 'Comments

A Lettuce Bed-dried 6.7 62.4 1.7 O.OOS , Carlton Smith. 1988.

Sludge 225.4 2.7 Means of., yealS used.
Clay.

A Lettuce Uquid Sludge 8.0 111.2 3.9 0.001 Carlton Smith. 1988.

159.6 3.5 Means of5 yealS used.
C8Icareous loam.

A Lettuce' Bed-dried 8.0 110.6- 3.4 ' 0.001 Carlton Smith, 1988.

Sludge 331 3.4 Means of4 yealS used.
Calcareous loam.

A Cabbage Liquid Sludge 6.5 56.8 0.7 0.003 Carlton Smith,1988.

132.8 0.9 Means of5 yealS used.

~
,Sandy loam.

,
A Cabbage Bed-dried 6.5 56.6 0.8 0.001 Carlton Smith, 1988.

Sludge 218.6 0.8 Means of4 yealS used.
Sandy loam.

A Cabbage Uquid Sludge 6.7 63 0.7 0.001 Carlton Smith. 1988.

154.4 0.7 Means of5 yealS used.
Clay.

A Cabbage Bed-dried 6.7 62.4 0.8 0.001 Carlton Smith, 1988.

Sludge 225.4 0.8 Means of4 yealS used.
Clay.

A Cabbage Liquid Sludge 8.0 111.2 1.0 0.002 Carlton .Smith. 1988.

159.6 1.1 Means of5 yealS used.
Calcareous loam.

A Cabbage Bed-dned 8.0 110.~ 1.0 0.001 Carlton Smith, 1988.

Sludge 331 1.1 Means of4 yealS used.
Celcareous loam.

A Lettuce Sludge 5.3 0 1.1 0.001 DOwdy & LalSon,

58 1.4 1975.

116 0.7
232 0.8

A Turnip Greens Sludge 5.2-5.8 0 7.8 0.039 Miller & Boswel.

57 10.5 1979.

114 12.3

A Cabbage Sludge 5.9-6.6 0 0.58 0.001 Keefar 6t al., 1986.

25 0.38 Blue Plains sludge.

50 0.52
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TABLE C-28 (cant.)

UPTAKE OF LEAD BY LEAFY VEGETABLES (cant.)

!Study Chemical Application TIssue . Uptake
. Type PlanU Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Cabbage Sludge 5.9-7.1 0 0.58 0.001 Keefer et al., 1986.
33 0.74 Huntington sludge.
66 0.52

A Cabbage Sludge 5.9-6.3 0 0.58 0.004 KHfflr et aI., 1986.
32 0.8 Martinsburg sludge.
64 0.84

A Cabbage Sludge 5.9-6.6 0 0.58 0.003 Keuferet al., 1986.
55 0.72 Parf<efsburg slUdge.

110 0.88
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TABLE C-29

UPTAKE OF LEAD BY LEGUMES

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH .(kg/ha) (pg/g DW) (2) Comments

A Bush Bean! Sludge 5.3-5.6 0 1.4 0.001 Giordano et al., 1975.

Pod 156 1.4
312 1.2
624 1.2

A Green Bean! Sludge 5.9-6.6 0 0.83 0.001 Keefer et a(., 1986.

Pod & Seed 25 0.66 Blue Plains sludge.

50 0.46

A Green Bean! Sludge 5.9-7.1 0 0.83 0.006 Keefer et al., 1986:

Pod & Seed 33 0.54 Huntington sludge.

66 1.2

A Green Bean! Sludge 5.9-6.3 0 0.83 0.001 Keeferet aI., 1986.

Pod & Seed 32 0.86 Martinsburg sludge.
64 0.8
~

A Green Bean! Sludge 5.9-6.6 0 0.83 0.001 Keefer et al., 1986.

Pod & Seed 55 0.8 Parkersburg sludge.

110 0.98

A Soybean! Limed digested 7.3-7.5 20.2 0.35 0.003 Chaneyet ai, 1977.

Grain sludge 29.8 0.99 For control, used

53 0.73 used calcareous soil
42.6 0.29. data. Chaney's values

59.8 0.58 are means of3 reps.
73.4 0.73

A Soybean! Limed raw 7.~-7.7 20.2 0.35 0.001 Chaneyet aI, 1977.

Grain sludge 27.6 0.62 For control, used

31.8 0.57 used calcareous soil

51.8 0.4 data. Chaney's values
are means of3 reps.

A Soybean! Raw slUdge 6.6-7.3 20.2 0.35 0.001 Chaney et ai, 1977.

Grain compost 33 0.56 For control, used

43.8 0.38 used calcareous soil

63 0.46 data. Chaney's values

112.2 0.57 are means of3 reps.

186.6 0.29

A Soybean! Heat treated 5.9-6.0 21.4 0.25 0.001 Chaney et ai, 1977.

Grain sludge 4 0.62 Chaney's values are

High pH 48.8 0.29 means of3 reps.

88.8 0.27

A Soybean! Heat treated 5.3-5.6 21.4 0.75 0.001 Chaneyet ai, 1977.

Grain sludge 43.8 0.38 Chaney's values are

Low pH 52.8 0.25 means of3 reps.

92.8 0.38
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TABLE C-30

UPTAKE OF LEAD BY POTATOES

iStudy Chemical Application TIssue Uptake

Typo Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Potatoffuber Sludge 5.3 0 <0.4 0.001 Dowdy & Larson,
58 <0.4 1975

116 <0.4
232 0.7

0 Potatoffuber Organic-metal 6.6 1742 0.41 0.001 Hams et a", 1978.

contaminated Vanessa-potato type.
soil

0 Potatoffuber Organic-metal 6.6 1742 0.55 0.001 Hams et all, 1978.

contaminated Pentland Javelin-

soll potato K20

0 Potatorruber Organic-metal 6.6 1742 0.26 0.001 Hams et all, 1978.
contaminated Home Guard-

soll • potato type.

0 Potatoffuber Organic-metal 6.6 1742 1.04 0.001 Hams et all, 1978.

contaminated Desiree-potato type.
soil

0 Potatoffuber Organic-metal 6.6 1742 0.66 0.001 Hams et all, 1978.

oontaminated King Edward-

soil potato type.

0 Potatorruber Organic-metal 6.6 1742 0.29 0.001 Hams et all, 1978.

contaminated Majestic-potato type.
soil
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TABLE C-31

UPTAKE OF LEAD BY ROOTS

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg OW) (2) Comments

A Red Beet! Uquid Sludge 6.5 56.8 0.7 0.003 Carlton Smith, 1988.

Tuber . 132.8 0.9 Means of5 years used.
Sandyloam.

A Red Beet! Bed-clried 6.5 56.6 0.8 0.001 Carlton Smith, 1988.

Tuber Sludge 218.6 . 0.9 Means of 4 years used.
Sandyloam.

A Red Beet! Liquid Sludge 6.7 63 0.7 0.001 Car#onSmith, 1988.

Tuber 154.4 0.8 Means of5 years used.
Clay.

A Red Beet! Bed-dried 6.7 62.4 0.8 0.001 Carlton Smith, 1988.

Tuber Sludge' 225.4 0.8 Means of 4 years used.
Clay.

•
A Red Beet! Uquid Sludge 8.0 111.2 1.1 0.001 Carlton Smith, 1988.

Tuber 159.6 1.1 Means of5 years used.
Calcareous loam.

A Red Beet! .< Bed-dried 8.0 110.6 1.1 0.001 Carlton Smith, 1988.

Tuber Sludge 331 1.1 Means of4 years used.
Calcareous loam.

A Carrot! Sludge 5.3 0 <0.4 0.002 Dowdy & Larson, 1975.

Tuber 58 <0.4
116 0.9
232 0.9

A Radish! Sludge 5.3 0 0.5 0.001 Dowdy & Larson, 1975.

Tuber 58 <0.4
116 0.4
232 0.7

A Radish! Sludge 5.9-6.6 0 0.7 0.001 Keefer et al., 1986.

Tuber 25 0.62 Blue Plains sludge.

50 0.56

A Carrot! Srudge 5.9-6.6 0 1.78 0.009 Keefer et sl., 1986.

Tuber 25 0.6 Blue Plains sludge.

50 2.24

A Radish! .Sludge 5.9-7.1 0 0.7 0.002 Keeferet al., 1986.

Tuber 33 0.58 Huntington sludge.

66 0.86

A Carrot! ·Sludge 5.9-7.1 0 1.78 0.001 Keefer et al., 19S6.

Tuber 33 1.24 Huntington sludge.

66 1
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TABLE C-31 (cont.)

UPTAKE OF LEAD BY RC)OTS (cont.)

Study ChemIcal Application TIssue Uptake
Type Plant! Form Soli Rates ConCentration Slope Reference!

(1) TIssue ApplIed pH (kglha) (pg/g DW) (2) Comments

A Radish Sludge 5.9-6.3 0 0.7 0.002 Keefer et a/., 1986.
32 0.76 Martinsburg sludge.
64 0.82

A Carrot Sludge 5.9-6.3 0 1:78 0.001 Keefer et a/., 1986.
32 1.4 Martinsburg sludge.
64 1.1

A Racllsh/ Sludge 5.9-6.6 O. 0.7 0.003 Keeferet a/., 1986.
Tuber 55 0.92 Parkersburg ~/udge.

110 0.96

A Carrotl Sludge 5.9-6.6 0 1.78 0.001 Keeferet a/., 1986.
Tuber 55 1.4 Parkersburg sludge.

110 1.26
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TABLE C-32

UPTAKE OF LEAD BY SWEET CORN

Study Chemical Application TIssue Uptake

Type . Plant! Form Soli Rates Concentration Slope Referencel

(1) Tissue Applied pH (kglha) (lJglg DW) (2) Comments

A Sweet Corn/ Sludge 5.9-6.6 0 <0.1 0.001 Keeferet a/., 1986.

Grain 25 <0.1 ~ue Plains sludge.
50 <0.1.

A Sweet Corn/ Sludge 5.9-7.1 0 <0.10 0.001 Keefer et a/., 1986.

Grain 33 <0.10 Huntington sludge.

66 <0.10

A Sweet Corn/ Sludge 5.9-6.3 0 <0.10 0.001 Keefer et a/., 1986.

Grain 32 <0.10 Martinsburg sludge.
64 <0.10

A Sweet Corn/ Sludge 5.9-6.6 0 <0.10 0.001 Keefer et al., 1986.

Grain 55 <0.10 Parkersburg sludge.
110 <0.10 .
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TABLE C-33

UPTAKE OF MERCURY BY C;ARDEN FRUITS

Study Chemical Application Tissue Uptake
Type Plant! Form Soli Rates Concentration < Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) COmments

A BroccolilFruit Sludge 6.8 0 0.0031 0.018 Ceppon, C.T. 1981.
0.7804 0.0169

A Caurdlower Sludge 6.8 0 0.0051 0.007 Ceppon, C. T. 1981.
0.7804 0.0109

A Cucumberl Sludge 6.8 0 0.0012 0.004 Ceppon, C.T. 1981.
Fruit 0.7804 0.0046 Slicing cucumber.

A Cucumber! Sludge 6.8 0 0.0080 0.001 Ceppon, C.T. 1981
Fruit 0.7804 0.0047 Pickling '~ucumber.

A Pumpkin! Sludge 6.8 0 0.0007 0.002 Ceppon, C.T. 1981
Fruit 0.7804 0.0025

A Tomato! Sludge 6.8 0 0.0015 0.008 Ceppon, C.T. 1981
Fruit '0.7804 0.0075

B Tomato! Sludge 5.3-7.1 0 0.1 0.043 Furr& Kelly
Fruit 2.34 0.2 1976, p. 87.
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TABLE C-34

UPTAKE OF MERCURY BY GRAINS/CEREALS

Study Chemical Application TIssue Uptake
Type Plant! Form Soli Rates Concentration Slope

(1) Tissue Applied pH (kglha) (IIg/g DW) (2)

B Millet/Grain Sludge 5.3-7.1 0 0.4 0.0427
2.34 0.5

C-S2

Reference!
Comments

Fu"&Kelly
1976, p. 87.



TABLE C-35

UPTAKE OF MERCURY BY LEAFY VEGETABLES

tudy ChemIcal Application TIssue Uptake

Type PlanU Form Soli Rates Concentration Slope Reference!

I (1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

A Cabbage Sludge 6.8 0 0.0029 0.014 Cappon, C. T. 1981.

0.7804 0.0139

A Lettuce Sludge 6.8 0 0.0029 0.038 Cappon, C.T. 1981

0.7804 0.0328

A Lettuce Sludge 6.8 0 0.0046 0.046 Cappon, C. T. 1981

0.7804 0.0405

A Parsley Sludge 6.8 0 0.0025 0.007 Cappon, C. T. 1981

0.7804 o.oon

A Swiss Chard SlUdge 5.5 0 1 0.001 FUn" & Stoewsand,

1.3 0~53 1976,p.87.

A SwlssChard Sludge 6.5 -0 1 0.001 FUn" & Stoewsand,

1.3 0.93 1976, p. 87.

A Swiss Chard Sludge 5.5-6.0 0 0.2 0.001 Chaney et ai, 1978.

0.09 0.1 Blue Plains slUdge.

A Swiss Chard Sludge 5.5-6.0 0 0.2 0.001 Chaney et ai, 1978.

0.336 <0.05 Blue Plains compost.

B Cabbage Sludge 5.3-7.1 0 0.3 0.001 FUn" & Kelly

2.62 0.2 1976, p. 87.
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TABLE C-36

UPTAKE OF MERCURY BY LEGUMES

Study. Chemical Application Tissue Uptake

Type Plant! Form Soil Rates Concentration Slope Reference! .

(1) Tissue Applied pH (kglha) (lIg/g DW) (2) Comments

A Bush Beani Sludge 6.8 0 0.0036 0.001 Csppon. C. T. 1981.

Pod 0.7804 0.0045

A Bush Beanl Sludge 6.8 0 0.0001 0.001 Csppon. C. T. 1981.

Grain 0.7804 0.0004

B Bush Beani Sludge 5.3-7.1 0 0.300 0.001 Fun-&Kelly

Grain 2.62 0.100 1976.p.88

•
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TABLE C-37

UPTAKE OF MERCURY BY POTATOES

!Study Chemical Application TIssue Uptake
Type Plantf Form Soli Rates Concentration Slope

(1) TIssue ApplIed pH (kglha) (pg/g OW) (2)

8 PotatolTuber Sludge 5.3-7.1 0 0.1 0.001
2.34 0.1

c-65

Reference!
Comments

FUn" & Kelly
1976, p. 87.



TABLE C-38

UPTAKE OF MERCURY BY ROOTS

Study Chemical Application TIssUe Uptake

Type , Plant! Form Soli Rates Concentration Slope Reference!
(1) nssue Applied pH (kglha) (pg/g DW) (2) Comments

A BeetlTuber Sludge 6.8 0 0.0025 0.006 Cappon, C.T. 1981.
0.7804 0.0072

'A Onion/Bulb Sludge 6.8 0 0.0067 0.013 Cappon, C.T. 1981
0.7804 0.0171

A RadishlTuber Sludge 6.8 0 0.0013 0.007 Cappon, C.T.1981
0.7804 0.0066 Red radish.

A RadishlTuber Sludge 6.8 0 0.0008 0.004 Cappon, C.T. 1981
0.7804 0.0043 White radish.

B CarrotlTuber Sludge 5.3-7.1 0 0.1 0.001 Fu;,& Kerry
2.62 0.04 1976,p.87.

B OnionlBulb Sludge 5.3-7.1 g 0.1 0.043 Furr& Kerry
2.34 0.2 1976,p.87.
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TABLE C-39

UPTAKE OF MOLYBDENUM BY FORAGE

Study Chemical Application TIsSue . Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) CI.g/g DW) (2) Comments

A Com Sludge 4.6-5.3 0 1.9 0.683 Pierzynski & Jacobs
33 29.8 1986. Year 1,
66 47 Experiment 1.

A Com Sludge 4.7~.4 0 7.5 2.486 Pierzynski & Jacobs
63 265 1986. Year 2,

141 365 Experiment 1.

A Com Sludge 5.~.9 0 6 5.106 Pierzynski & Jacobs
63 300 1986. Year 3,

141 724 Experiment 1.

A ComlLeaf Sludge 4.6-5.3 0 3 0.909 Pierzynski & Jacobs
33 40.5 1986. Year 1,
66 63 Experiment 1.

A ComlLeaf Sludge 4.7~.4 0 2.2 1.723 Pierzynski & Jacobs
63 137 1986. Year 2,

141 247 Experiment 1.

A ComlLeaf Sludge 5.~.9 0 8.8 4.907 Pierzynski & Jacobs
63 265 1986. Year 3,

141 697 Experiment 1.

A Soybean Sludge 4.6-5.3 0 2.7 0.814 Pierzynski & Jacobs
33 43.9 1986. Year 1,
66 56.4 Experiment 1.

A Soybean Sludge 4.7~.4 0 3.1 2.257 Pierzynski & Jacobs
63 140 1986. Year 2,

141 321 Experiment 1.

A Soybean Sludge 5.0-6.9 0 5.4 3.229 Pierzynski & Jacobs
63 185 1986. Year 3,

141 459 Experiment 1.

A Soybean! Sludge 4.6-5.3 0 2.1 0.768 Pierzynski & Jacobs
Leaf 33 38.1 1986. Year 1,

66 52.8 Experiment 1.

A Soybean! Sludge 4.7~.4 0 2.4 1.893 Pierzynski & Jacobs
Leaf 63 103 1986. Year 2,

141 268 Experiment 1.

.A Soybean! Sludge 5.~.9 0 9.3 3.164 Pierzynski & Jacobs
Leaf 63 158 1986. Year 3,

141 452 Experiment 1.
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TABLE C-39 (cont.)

UPTAKE OF MOLYBDENUM BY FORAGE (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kgJha) (pglg DW) (2) Comments

A Com Sludge 4.6-5.4 0 6.6 2.050 Pierzynski & Jacobs

42 92.7 1986. Year 1,
Experiment 2.

A Com Sludge 4.7-6.5 0 6.6 1.739 Pierzynski & Jacobs

291 730 1986. Year 2,
300 . 330 Experiment 2.

A Com Sludge 5.0-7.1 0 6.6 3.293 Pierzynski & Jacobs

291 1300 1986. Year 3,

300 630 Experiment 2.

A Com/Leaf Sludge 4.6-5.4 0 6.4 2.752 Pierzynski & Jacobs

42 122 1986. Year 1,
Experiment 2.

A Com/Leaf Sludge 4.7-6.5 0 6.4 1.072 Pierzynski & Jacobs

291 462 1986. Year 2,
300 197 . Experiment 2.

A Com/Leaf Sludge 5.0-7.1 0 6.4 1.506 Pierzynski & Jacobs

291 804 1986. Year 3,

300 130 Experiment 2.

A Bromegrass Sludge N.R.(3) 0 0.33 0.375 Soon & Bates, 1985.

4.08 1.85 Used means of cuts
1 & 2. Calcium

enriched sludge.

A Bromegrass Sludge N.R. 0 0.33 0.113 Soon & Bates, 1985.

9.44 1.4 Used means of cuts
1 & 2. Femc chloride

enriched sludge.

A Bromegrass Sludge N.R. 0 0.33 0.076 Soon & Bates, 1985.

10.8 1.155 Used means of cuts
1 & 2. Aluminum sulfate

enriched sludge.

A Com Sludge N.R. 0 0.24 0.044 Soon & Bates, 1985.

9.68 0.67 Connestoga. Calcium
enriched sludge.

A Com Sludge N.R. 0 0.24 0.004 Soon & Bates, 1985.

10 0.28 Connestoga.
Ferric chloride

enriched sludge.
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TABLE C-39 (f:ont.)

UPTAKE OF MOLYBDENUM BY FORAGE (cont.)

[Study Chemical Application TIssue Uptake
,Type Plantl Form Soli Rates Concentration Slope Reference!

(1) TIs!ltJe Applied pH (kglha) (JIg/g DW) (2) Comments

A Com Sludge N.R. 0 0.24 0.003 Sooa &. Bates, 1985.
12.16 0.28 Connestoga.

Aluminum sulfate
enriched sludge.

A Coml Sludge N.R. 0 1.01 0.438 Soon & Bates.
Forage 6.08 3.67 Caledon. Calcium

enriched sludge.

A Coml SlUdge N.R. 0 1.01 0.001 Soon & Bates.
Forage 11.92 0.65 Caledon.

Ferric chloride
efJriched sludge.

A Coml Sludge N.R. 0 1.01 0.001 Soon & Bates.•Forage 12.72 0.72 Ct1!adon.
Aluminum sulfate
enriched sludge. '

B Alfalfa SlUdge 6.Q..6.6 40 201 2.887 Pierzynski & Jacobs
88 486 1986. 2nd cutting.

188 659

B Alfalfa Sludge 7.0-7.5 40 487 2.367 Pierzynski & Jacobs
88 876 1986. 2nd cutting.

188 895

B A1fa,lfa Sludge 7.7-8.2 40 483 2.901 Pierzynski & Jacobs
88 n3 1986. 2nd cutting.

188 944
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TABLE ·C-IO

UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS

Study Chemical Application Tissue Uptake

Type Plant/ Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (JIg/g DW) (2) Comments

A Corn/Grain Sludge 4.6-5.3 0 0.2 0.027 Pierzynsld & Jacobs

33 1.5 1986. Year 1,

66 2 Experiment 1.

A Corn/Grain Sludge 4.7-6.4 0 0.4 0.037 Pierzynsld & Jacobs

63 3.7 1986. Year 2,

141 5.7 Experiment 1.

A Corn/Grain Sludge 5.0-6.9 0 0.6 0.045 PierzynskJ & Jacobs

63 3.6 1986. Year 3,

141 6.9 Experiment 1.

A Corn/Grain Sludge 4.6-5.4 0 0.5 0.074 Pierzynsld & Jacobs

42 3.6 1986. Year 1,
Experiment 2.

•
A Corn/Grain Sludge 4.7-6.5 0 0.5 0.029 PierzynskJ & Jacobs

291 12 1986. Year 2,

300 6.3 Experiment 2.

A Corn/Grain - Sludge 5.0-7.1 0 0.5 0.041 Pierzynski & Jacobs

291 16.5 1986. Year 3,

300 9.2 Experiment 2.

A Corn/Grain Sludge N.R. 0 0.13 0.012 Soon & Bates, 1980.

9.68 0.25 Connestoga.
Calcium

enriched sludge.

A Corn/Grain Sludge N.R. 0 0.13 0.004 Soon & Bates, 1985.

10 0.17 Connestoga.
Ferric chloride

enriched sludge.

A Corn/Grain Sludge N.R. 0 0.13 0.004 Soon & Bates, 1985.

12.2 0.18 Connestoga.
Aluminum sulfate
enriched sludge.

. -

A Com Sludge N.R. 0 0.25 0.079 Soon & Bates.

6.08 0.73 Ca/edon. Calcium
enriched sludge.

A Com ...' Sludge N.R. 0 0.25 0.001 Soon & Bates.

11.92 0.25 Caledon.
Ferric chloride

enriched sludge.
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TABLE C-40 (cont.)

UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS (cont.)

Study ChemIcal Application TIssue Uptake

Type Plantl Form Soli Rates Concentration Slope R'ferenceJ
(1) TIssue Applied pH (kglha) (JIg/a DW) (2) Comments

A Com Sludge N.R. 0 0.25 0.003 Soon & Bates.
12.72 0.29 Ca/edon.

Aluminum suUate
enriched slu.dge.

B Com Sludge 6.0-6.6 40 74 1.4B2 Pierzynski & Jacobs
BB 315 1986. 2nd cutting.

188 329

B Corn/Grain SlUdge 7.0-7.5 40 260 0.674 Pierzynski &·Jacobs
88 403 1986. 2nd cutting.

188 383

B Corn/Grain Sludge 7.7-8.2 40 273 0.346 Pierzynski & Jacobs
88 470 1986. 2nd cutting.

188 362
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TABLE C-41

UPTAKE OF MOLYBDENUM BY LEGUMES

Study Chemical Application TIssUe Uptake

Type . Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) COmments

A Soybean! Sludge 4.6-5.3 0 14.3 1.632 Pierzynski & Jacobs,

Grain 33 70.9 1986. Year 1,
66 122 Experiment 1.

A Soybean! Sludge 4.7-6.4 0 8.9 1.649 Pierzynski & Jacobs,

Grain 63 107 1986. Year 2,

141 241 Experiment 1.

A Soybean! Sludge 5.0-6.9 0 19.9 ·1.578 Pierzynski & Jacobs,

Grain 63 114 1986. Year 3,
141 242 Experiment 1.

8 Soybean! Sludge 6.0-6.6 40 300 4.213 Pierzynski & Jacobs,

Grain 88 800 1986. 2nd cutting.
188 986

8 Soybean! Sludge 7.0-7.5 40 736 2.005 Pierzynski & Jacobs,

Grain 88 1010 1986. 2nd cutting.
188 1070

8 Soybean! Sludge 7.7-8.2 40 391 1.887 Pierzynski & Jacobs,

Grain 88 585 1986. 2nd cutting.
188 692
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TABLE C-42

UPTAKE OF NICKEL BY FORAGE

~tudy ChemIcal Application TIssue . Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) Comments

A Natural Forage Sludge N.R. 9.75 <0.57 0.425 Baxter et al., 1983
15 2.8 Means reported

A Reed Canary Sludge 6.2-7.4 0 2.4 0.154 Duncomb et al., 1982.
Grass 1.3 2.6

A ComIForage Sludge 6.2-7.4 0 1 0.001 Duncombet al., 1982.
1.1 0.9

A Com Sludge 6.6 0 0.23 0.018 Rappaport et al., 1987.
8.6 0.36 Year 1.

17.2 0.54

A Com Sludge 6.6 0 0.75 0.034 Rappaport et al., 1987.
8.6 1.32 Year 1.

H.2 1.33

A COmIForage Sludge 6.6 0 0.54 0.007 Rappaport et a/., 1987.
8.6 0.66 Year 2.

17.2 0.66

A Barley Sludge 6.6 0 0.51 0.013 .Rappaport at a/., 1987.
8.6 0.92 Year 2.

17.2 0.74

A Ryegrass Uquid Sludge 6.5 71.4 3.2 0.331 Carlton Smith, 1988.
84.7 7.6 Mean of5 years used.

Sandy loam.

A Ryegrass Bed-dried 6.5 70.3 3.2 0.12 Carlton Smith, 1988.
Sludge 108.5 7.8 Mean of 4 years used.

Sandyloam.

A Ryegrass Uquid Sludge 6.7 85.2 3.8 0.238 Carlton Smith, 1988:
101.6 7.7 Mean of5 years used.

Clay.

A Ryegmss Bed-dried 6.7 85.1 3.7 0.072 Carlton Smith, 1988.
Sludge 140.9 7.7 Mean of 4 years used.

Clay.

A Ryegrass Uquid Sludge 8.0 23.7 1.6 0.139 Carlton Smith, 1988.
40.2 3.9 Mean of5 years used.

Calcareous loam..
A Ryegrass Bed-dried 8.0 23.9 1.5 0.121 Carlton Smith, 1988.

Sludge 126.9 14 Mean of5 years used.
Calcareous loam.
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TABLE C-42 (cont.)

UPTAKE OF NICKEL BY FORAGE (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglu DW) (2) COmments

B Rape Sludge 5.6 0 1.34 0.001 Narwat et at, 1983.

2.3 0.46 First harvest.

4.6 0.93

B Rape Sludge 6 0 0.24 0.03 Narwat et at., 1983.

2.31 0.3 First harvest.

4.62 0.38

B Rape Sludge 7.5 0 0.11 0.076 Narwat et at., 1983.

2.31 0.3 First harves!.

4.62 0.46

B Rape Sludge 5.6 0 3.75 0.001 Narwal et al., 1983.

2.31 1.42 Second harvest.

4.62 1.73• .
B Rape Sludge 6 0 1.3 0.001 Narwal et at., 1983.

2.31 0.62 Second harvest.

4.62 0.81

B Rape .Sludge 7.5 0 0.49 0.001 Narwal et al., 1983.

2.31 0.38 Second harvest.

4.62 0.37
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TABLE C-43

UPTAKE OF NICKEL BY GARDEN FRUITS

~tudy Chemical Application TIssue Uptake
Type Plant! Form 5011 Rates Concentration Slope Reference! .

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A TomatolFruit Sludge 5.9-6.6 0 0.61 0.001 Keefer et a/., 1986.
8 0.65 Blue ~/a/ns sludge.

16 0.35

A TomatolFruit Sludge 5.9-6.6 0 0.43 0.001 Keeferet a/., 1986.
8 0.6 Blue Plains sludge.

16 0.4

A TomatolFruit Sludge 5.9-7.1 0 0.61 0.001 Keefer et aI., 1986.
1270 0.5 Huntington sludge.
2540 0.5 Early fruiting.

A TomatolFruit Sludge 5.9-7.1 0 0.43 0.001 Keefer et a/., 1986.
1270 0.55 Huntington sludge.
2540 0.45 Late fruiting.

•
A TomatolFruit Sludge 5.9-6.9 0 0.61 0.083 Keefer et a/., 1986.

2 0.6 Martinsburg sludge.
4 0.94 Early fruiting.

A Tomato/Fruit Sludge 5.9-6.9 0 0.43 0.093 Keeferet al., 1986.
2 0.65 Martinsburg sludge.
4 0.8 Late fruiting.

A TomatolFruit Sludge 5.9-6.3 0 0.61 0.003 Keeferet a/., 1986.
24 0.6 Parkersburg sludge.
48 0.75 Early fruiting.

A TomatolFruit Sludge 5.9-6.3 0 0.43 0.001 Keefer et a/., 1986.
24 0.45 Parkersburg sludge.
48 0.4

A Celery Sludge 7.3 0 <0.3 0.001 Peterson et a/., 1989.
2.856 <0.3
5.712 <0.3

11.424 <0.3

A TomatolFruit Sludge 7.3 0 <0.3 0.001 Peterson et a/., 1989.
2.856 <0.3
5.712 <0.3

11.424 <0.3

A TomatolFruit Sludge N.R. 0 1.1 0.022 Lue-Hing et ai, 1984.
9 1.3 1977 data used.

17 1.1 Nu-Earth.
34 2.2
43 1.8
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TABLE C-43 (cont.)

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

B Green Pepperl Sludge 6.4 0 0.4 0.05 Fun-et a1., 1981.

Fruit 38 2.3

B Green Pepperl Sludge 6.9 0 0.4 0.029 Fun-at al., 1981.

Fruit 38 1.5

B Pea/Grain Sludge 6.4 0 1.7 0.095 pun-et al., 1981.

38 5.3

B Pea/Grain Sludge 6.9 0 1.3 0.029 Fun-et al., 1981.

38 2.4
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TABLE C-44

UPTAKE OF NICKEL BY GRAINS/CEREALS

!Study Chemical Application TIssue Uptake
Type Plantl 'Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (pg/g OW) (2) COmments

A Com/Grain Sludge 6.2-7.4 0 0.6 0.001 Duncomb et al., 1982
1.1 0.4

A Com/Grain SlUdge 6.6 0 0.~9 0.055 Rappaport et al., 1987.
8.6 1.04 Year 1.

17.2 1.34

A Com/Grain Sludge 6.6 0 0.11 0.015 Rappaport et al., 1981.
8.6 0.34 Year 2.

17.2 0.37

A Com Sludge 6.6 0 0.14 0.002 Rappaport et al., 1987.
8.6 0.18 Year 2.

17.2 0.18

A Wheat/Grain Uquid SlUdge 6.5 11.4 1.5 0.023 Carlton Smith, 1988.
84.7 1.8 Mean of5 yeaTS used.

Sandy/oam.

A Wheat/Grain Bed-dried 6.5 70.3 1.3 0.005 Carlton Smith, 1988.
Sludge 108.5 1.5 Mean of4 yeaTS used.

Sandy loam.

A Wheat/Grain Uquid Sludge 6.7 85.2 1.6 0.001 Carlton Smith, 1988.
101.6 1.4 Mean of5 yeaTS used.

Clay.

A Wheat/Grain Bed-dried 6.7 85.1 0.9 0.009 Carlton Smith, 1988.
SlUdge 140.9 1.4 Mean of4 yeaTS used.

Clay.

A Wheat/Grain Uquid Sludge 8.0 23.7 0.8 0.006 Carlton Smith, 1988.
40.2 0.9 Mean of5 yeaTS used.

Calcareous loam.

A Wheat/Grain Bed-dried 8.0 23.9 0.9 0.002 Carlton Smith, 1988.
SlUdge 126.9 1.1 Mean of4 yeaTS used.

Calcareous loam.

e-n



TABLE C-43 (cont.)

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TlssL!e Applied pH (kglha) (pglg DW) (2) Comments

B Green Pepperl Sludge 6.4 0 0.4 0.05 Fu"et a/., 1981.

Fruit 38 2.3

B Green Pepperl Sludge 6.9 0 0.4 0.029 Fu"et al., 1981.

Fruit 38 1.5

B Pea/Grain Sludge 6.4 0 1.7 0.095 Fu"et a/., 1981.
38 5.3

B Pea/Grain Sludge 6.9 0 1.3 0.029 Fu"etal., 1981.
38 2.4
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TABLE C-44

UPTAKE OF NICKEL BY GRAINS/CEREALS

Study Chemical Application TIssue Uptake
Typo Plantl 'Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) OJglg DW) (2) COmments

A Com/Grain Sludge 6.2-7.4 0 0.6 0.001 Duncomb et e/., 1982
1.1 0.4

A Com/Grain Sludge 6.6 0 0.~9 0.055 Reppeport et e/., 1987.
8.6 1.04 Year 1.

17.2 1.34

A Com/Grain Sludge 6.6 0 0.11 0.015 Rappaport et IJI., 1987.
8.6 0.34 YelJr2.

17.2 0.37

A Com Sludge 6.6 0 0.14 0.002 Rappaport et a/., 1987.
8.6 0.18 Year 2.

17.2 0.18

A WheatlGrain Uquld Sludge 6.5 71.4 1.5 0.023 Carlton Smith, 1988.
84.7 1.8 Mean of5 Ytfars used.

Sandy/oam.

A Wheat/Grain Bed-dried 6.5 70.3 1.3 0.005 Carlton Smith, 1988.
Sludge 108.5 1.5 Mean of4 years used.

Sandyloam.

A Wheat/Grain Uquid Sludge 6.7 85.2 1.6 0.001 Carlton Smith, 1988.
101.6 1.4 Mean of5 yelJrs used.

Clay.

A Wheat/Grain Bed-dried 6.7 85.1 0.9 0.009 Carlton Smith, 1988.
Sludge 140.9 1.4 Mean of4 yelJrs used.

Clay.

A Wheat/Grain Uquid Sludge 8.0 23.7 0.8 0.006 Carlton Smith, 1988.
40.2 0.9 Mean of5 years used.

Calcareous loam.

A Wheat/Grain Bed-dried 8.0 23.9 0.9 0.002 Carlton Smith, 1988.
Sludge 126.9 1.1 Mean of4 years used.

Calcareous loam.
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TABLE C-45

UPTAKE OF NICKEL BY LEAFY VEGETABLES

Study Chemical Application TIssUe Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Swiss Chard Nu-Earth '5.7-6.3 0 2.9 15.000 Chaney et a/., 1982

0.6 11.9

A Swiss Chard Nu-Earth 6.7 0 1.7 7.167 Chaney et a/., 1982

0.6 6

A Collard Greens Heat-Treated '5.5-5.6 0 2.9 0.001 Chaney et a/., 1982

Sludge 8 2.4

A Collard Greens Heat-Treated '6;4-6.3 0 1.8 0.001 Chaney et aI., 1962

Sludge 8 1.5

A Collard Greens Nu-Earth '5.5-6.3 0 2.9 2.167 Chaney et a/., 1982

0.6 4.2
",

A Collard Greens Nu-Earth '6.4-6.8 0 1.8 3.500 Chaney et aI., 1982

b.6 3.9

A Lettuce Heat-Treated '5.3-5.4 0 1.8 0.075 Chaney et a/., 1982

Sludge 8 2.4 Romaine Lettuce

A Lettuce Heat-Treated '6.2-5.4 0 1.6 0.001 Chaney et a/., 1982

Sludge 8 0.8 Romaine Lettuce

A Lettuce Nu-Earth '5.3-5.6 0 1.8 4.500 Chaneyet a/., 1982

0.6 '4.5 Romaine Lettuce

A Lettuce Nu-Earth '6.2-6.6 0 1.6 0.001 Chaney et a/., 1982

0.6 1.6 Romaine Lettuce

A Swiss Chard Heat-Treated 5.7 0 2.9 0.675 Chaneyet a/., 1982

Sludge 8 8.3
.

A Swiss Chard Heat-Treated '6.7-6.8 0 1.7 0.001 Chaney et a/., 1982

Sludge 8" 1.5

A Cabbage Sludge 5.9-6.6 0 0.2 0.025 Keeferet a/., 1986.

8 0.22 B/ue Plains sludge.

16 0.6

A Cabbage Sludge 5.9-7.1 , 0 0.2 0.001 Keeferet aI., 1986.

1270 0.22 Huntington sludge.

2540 0.26

A Cabbage Sludge 5.9-6.9 0 0.2 0.005 Keeferet aI., 1986.

2 0.3 Martinsburg sludge.

4 O~22
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TABLE C-45 (cant.)

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cant.)

study Chemical Application TIssue Uptake

Type Plant! Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g OW) (2) Comments

Clay.

A Cabbage Liquid Sludge 8.0 23.7 0.9 0.042 Carlton Smith, 1988.

40.2 1.6 Mean of 5 years used.
Calcareous loam.

A Cabbage Bed-dried 8.0 23.9 1 0.021 Carlton Smith, 1988,

Sludge Mean of 4 years used.

126.9 3.2 Calcareous loam.

'A Spinach Sludge N.R.(3) 0 2.9 0.037 Lue-Hing et aI, 1984.

9 3 1977 dataused.

17 4.7 Nu-Earlh.

34 4.8
43 4.2

•
A Swiss Chard Sludge N.R. 0 2 0.051 Lue-Hing et aI, 1984.

9 1.4 1977 data used.

17 1.7 Nu-Earth.

34 2.8
43 4

A Romaine Sludge 5.75-7.7 0 1.7 0.001 Chaneyet al., 1982.

3.8 0.7 Umed raw sludge.

A Romaine Sludge 5.75-7.7 0 1.7 0.001 Chaney et aI., 1982.

3.4 0.5 Digested sludge.

A Romaine Sludge 5.75-7.6 0 1.7 0.001 Chaney et al., 1982.

45 0.6 Compost sludge.

A Romaine Sludge 5.75-6.9 0 1.7 0.001 Chaneyet aI., 1982.

45 0.6 Compost sludge.

A Romaine Sludge 5.75-5.8 0 1.7 0.001 Chaney et al., 1982.

8.3 1.6 Heat treated sludge.

A Romaine Sludge 5]5-6.1 0 1.7 0.023 Chaney et al., 1982.

59 3.05 Nu-Earth.

A Swiss Chard Sludge 5.75-7.7 0 2.3 0.001 Chaney et al., 1982.

3.8 0.8 Umed raw sludge.

A Swiss Chard Sludge 5.75-7.6 0 2.3 0.001 Chaney et a/., 1982.

3.4 1.2 Digested sludge.

A Swiss Chard Sludge 5.75-7.7 0 2.3 0.001 Chaney et a/., 1982.

45 0.8 Composted sludge.

A Swiss Chard Sludge 5.75-6.9 0 2.3 0.313 Chaney et al., 1982.

8.3 4.9 Heat treated sludge.
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TABLE C-45 (cont.)

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.)

~tudy ChemIcal Application TIssue Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kg/ha) (pg/g OW) (2) Comments

A Swiss Chard SlUdge 5.75-5.8 0 2.3 0.113 Chaney et al., 1982.
59 8.95 f.!.u ~arth slUdge.

A Conard Greens SlUdge 5.75-7.7 0 5 0.158 Chaney et al., 1982.
3.8 5.6 Umed raw sludge

A Conard Greens Sludge 5.75-7.6 0 5 0.471 Chaney et al., 1982.
3.4 6.6 Digested slUdge.

A Conard Greens Sludge 5.75-6.9 0 5 0.029 Chaney et al., 1982.
45 6.3 Composted slUdge.

A Conard Greens Sludge 5.75-5.8 0 5 0.027 Cheney et al., 1982.
83 7.2 Heat treated sludges

A Colfard Greens Sludge 5.75-6.1 0 5 0.019 Chaney et aI., 1982.
fi9 6.15 Nu Earth sludge.

B Lettuce Sludge N.R. 0 2.1 0.001 Hue et al., 1988.
1.3 2.5 Akaka Andept-
2.6 2.2 soil type.
5.2 2

B Lettuce Sludge N.R. 0 5.1 0.068 Hue et al., 1988.
1.3 6.9 Lualualei Verlisol-
2.6 7.3 soil type.
5.2 5.8

B Lettuoe SlUdge N.R. 0 4.8 2.251 Hue et al., 1988.
1.3 10.4 Wahiawa Oxisol-
2.6 12.4 soil type.
5.2 17.2

B Lettuce Sludge 6.4 0 0.6 0.063 Fu"et al., 1981.
38 3

B Lettuce Sludge 6.9 0 0.8 0.024 Fu"et al., 1981.
38 1.7

B Spinach SlUdge 6.4 0 1 0.076 Fu"et al., 1981.
38 3.9

B Spinach Sludge 6.9 0 0.7 0.061 Fu"etal.,1981.
38 3

e-B1



TABLE C-46

UPTAKE OF NICKEL BY LEGUMES

[study Chemical Application TIssue . Uptake

Type Plantl Form Soli . Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (lIg/g OW) (2) COmmflllts

A Green Bean! Sludge 5.9-6.6 0 0.24 0.001 Keefer et al., 1986.

Pod & Seed 8 0.26 Blue Plains sludge.

16 0.18

A Green Bean! Sludge 5.9-7.1 0 0.24 0.001 Keefer et al., 1986.

Pod & Seed 1270 0.14 Huntington sludge.

2540 0.24

A Green Bean! Sludge 5.9-6.9 0 0.24 0.125 Keefer et a/., 1986.

Pod & Seed 2 0.3 Martinsburg sludge.

4 0.74

A Green Bean! Sludge 5.9-6.3 0 0.24 0;005 Keeferet a/., 1986.

Pod &Seed 24 0.3 Parkersburg sludge.
48 0.48.

A Bean/Grain Sludge· 7.3 0 1.5 0.09 Peterson et al., 1989.
2.856 2.3
5.712 2.1

11.424 2.7

A Green Bean! Sludge N.R. 0 2.1 0.119 Lue-Hing et ai, 1984.

Pod &Seed 9 2.8 1977 data used.

17 4.4 Nu-Earth.
34 6.1
43 7.1

A Soybean! Limed 7.3-7.5 22.6 ·7.41 0.23 Chaney et al., 1977.

Grain Digested 22.6 2 For control, used cal-

Sludge 20.6 8.25 careous soil data.

19.2 7.16 Chaney's values are

23.8 10.37 means of3 reps.

24.6 7.48

A Soybean! Limed Raw 7.3-7.7 22.6 7.41 0.502 Chaney etal., 1977.

Grain Sludge 22.4 6.27 For control, used cal-

23.8 7.29 careous soil cata.

22 6.42 Chaney's values are
means of3 reps.

A Soybean/ Raw Sludge 6.6-7.3 22.6 7.41 0.001 Chaney et al., 1977.

Grain Compost 24 8.72 For. control, u.d cal-

28.2 6.69 careous soil data.
37.2 7.47 Chaney's values are

56.6 6.96 means of3 reps.

80 4.15
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TABLE C-46 (cant.)

UPTAKE OF NICKEL BY LEGUMES (c~nt.)

Study Chemical Application TIssue Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (JIglg DW) (2) Comments

A Soybean! Heat Treated 5.9-6.0 24.6 8.13 0.198 Chaney et a/., 1977.
Grain Sludge 28 7.21 Chaney's values are

High pH 20.4 5.69 means of 3 reps.
20.4 6.4

A Soybean! Heat Treated 5.3-5.6 21.6 6.81 0.152 Chaney et a/., 1977.
Grain Sludge 23.8 9.49 Chaney's values are

Low pH 26 7.74 means of3 reps.
25.4 7.78
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TABLE C-47

UPTAKE OF NICKEL BY POTATOES

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A. PotatoITuber Uquid Sludge 6.5 71.4 1.5 0.015 carlton Smith, 1988.

84.7 1.7 Mean of!j yeaTS used.
Sandyloam.

A PotatoITuber Bed-dried 6.5 70.3 1.5 0.005 carlton Smith, 1988.

Sludge 108.5 1.7 Mean of4 yeaTS used.
Sandy loam.

A PotatoITuber Uquid Sludge 6.7 . 85.2 1.2 (}.03 Carlton Smith, 1988.

101.6 1.7 Mean of5 yeaTS used.
Clay.

A PotatoITuber Bed-dried 6.7 85.1 1 0.007 Carlton Smith, 1988.

Sludge 140.9 1.4 Mean of. 4 yeaTS used.
Clay.

A PotatoITuber Uquid Sludge 8.0 2~.7 0.6 0.001 Carlton Smith, 1988.

40.2 0.6 Mean of5 yeaTS used.
Calcareous loam.

A PotatoITuber Bed-dried 8.0 23.9 0.7 0.001 Carlton Smith, 1988.

Sludge 126.9 0.8 Mean of4 yeaTS used.
Calcareous loam.

B Sweet Potatol Sludge 6.4 0 0.3 0.024 Furret a/., 1981.

Tuber 38 1.2

B Sweet Potatol Sludge 6.9 0 0.1 0.011 Furret al., 1981.

Tuber 38 0.5

C PotatoITuber Organic, metal 6.6 368 ·4 0.011 Harris et ai, 1978.

contaminated Vanessa-potato type.

soil

C PotatoITuber Organic, metal 6.6 368 4.75 0.013 Harris et ai, 1978.

contaminated Portland Javelin-potato

soil type.

C PotatoITuber Organic, metal 'S.6 368 4.25 0.012 Harris et ai, 1978.

contaminated Home Guard-potato

soil type.

C PotatoITuber Organic, metal 6.6 368 4.01 0.011 Harris et ai, 1978.

contaminated Desiree-potato type.

soil

C PotatoITuber Organic, metal 6.6 368 3.47 0.009 Harris et ai, 1978.

contaminated King Edward-potato

soil type.



TABLE C-47 (cont.)

UPTAKE OF NICKEL BY POTATOES (cont.)

Study ChemIcal Application TIssue Uptake
Typo Plant! Form Soli Rates Concentration Slope

(1) TIssue Applied pH (kglha) (pg/g DW) (2)

C PotatolTuber Organic, metal 6.6 368 5.46 0.015
contaminated
soil

e-8S

Reference!
Comments

Harris et aI, 1978.
Majestic-potato

type.



TABLE C-48

UPTAKE OF NICKEL BY ROOTS

Study ChemIcal ApplIcation TIssUe Uptake

Type Plant! Form ' 5011 Rates .Concentration Slope Reference!

(1) TIssue Applied pH (kgJha) (...glg DW) (2) COmments

A RadishfTuber Sludge 5.9-6.6 0 0.92 0.001 Keefer et a/., 1986.
8 1.34 Blue Plains sludge.

16 0.7

A CarrotlTuber Sludge 5.9-6.6 0 0.4 0.001 _Keefer et a/., 1986.

8 0.4 Blue Plains sludge.
16 0.4

A RadishfTuber Sludge 5.9-7.1 0 0.92 0.001 Keeferet a/., 1986.

1270 1.08 Huntington Sludge.

2540 1.92

A CarrotlTuber Sludge 5.9-7.1 0 0.4 0.001 Keefer et a/., 1986.
1270 0.4 Huntington sludge.
2540 0.4

A RadishfTuber Sludge 5.9-6.9 lJ 0.92 0.001 Keefer et a/., 1986.
2 0.68 Martinsburg sludge.
4 0.72

A CarrotlTuber Sludge 5.9-6.9 0 0.4 0.001 Keeferet a/., 1986.
2 0.4 Martinsburg sludge.
4 0.4

A RadishlTuber Sludge 5.9-6.3 0 0.92 0.001 Keeferet a/., 1986.
24 0.58 Parkersburg sludge.
48 0.64

A CarrotlTuber Sludge 5.9-6.3 0 0.4 0.001 Keeferet al., 1986.
24 0.4 Parkersburg sludge.
48 0.4

A .Red BeetlTuber Sludge 6.2 ·0 2.5 0.004 Williams, 1977.
285 2.5
570 3.8

1140 6.3

A Red BeetlTuber Sludge 7 0 1.3 0.003 Williams, 1977.

285 2.5
570 6.3

1140 5

A Onion/Bulb Sludge 6.3 0 6.3 0.031 Williams, 1977.
285 16.3
570 23.8
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TABLE C-48 (ccmt.)

UPTAKE OF NICKEL BY RC)OTS (cont.)

~tudy Chemical Application TIssue Uptake
Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A Onion/Bulb Sludge 6.8 0 2.5 0.014 Williams, 1977.
285 6.3
570 7.5

1140 18.8

A OnionlBulb Sludge 7.3 0 <0.3 0.001 Peterson et al., 1989.
2.856 <0.3
5.712 <0.3

11.424 <0.3

A Red BeetJTuber Liquid Sludge 6.5 71.4 3.4 0.038 Carlton Smith, 1988.
84.7 3.9 Mean of5 years used.

Sandy loam.

A Red BeetJTuber Bed-dried 6.5 70.3 2.2 0.013 Carlton Smith, 1988.
Sludge 10'8.5 2.7 Mean of4 years used.

Sandy loam.

A Red BeetlTuber liquid Sludge 6.7 85.2 1.6 0.067 Carlton Smith, 1988.
101.6 2.7 Mean of5 years used.

Clay.

A Red BeetJTuber Bed-dried 6.7 85.1 1.6 0.007 Carlton Smith, 1988.
Sludge 140.9 2 Mean of 4 years used.

Clay.

A Red BeetJTuber Liquid Sludge 8.0 23.7 1 0.001 Carlton Smith, 1988.
40.2 1 Mean of 5 years used.

Calcareous loam.

A Red BeetJTuber Bed-dried 8.0 23.9 1.1 0.001 Carlton Smith, 1988.
Sludge 126.9 1.1 Mean of4 years used.

Calcareous loam.

A BeetfTuber Sludge N.R. 0 0.4 0.027 Lue-Hing et ai, 1984.
9 0.6 19n data used.

17 0.6 Nu-Earth
34 Q.9
43 1.6

A CarrotfTuber Sludge N.R. 0 1.1 0.036 Lue-Hing et ai, 1984.
9 0.9 19n data used.

17 1.5 Nu-Earth.
34 1.7
43 2.7

B KohlrabllTuber Sludge 6.4 0 0.9 0.116 Fun-et al., 1981.
38 5.3
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TABLE C-48 (cant.)

UPTAKE OF NICKEL BY ROOTS (cont.)

Study Chemical Application TIsSue . Uptake

Type Plantl Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) Comments

B KohlrabiITuber Sludge 6.9 0 0.2 0.024 Fu"eta/.,1981.
38 1.1

B TumipfTuber Sludge 6.4 0 0.7 0.061 Fu"eta/.,1981.
38 3

B TumipfTuber Sludge 6.9 0 0.2 0.018 Fu"et a/., 1981.
38 0.9
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TABLE C49

UPTAKE OF NICKEL BY SWEET CORN

!Study ChemIcal Application TIssue Uptake
Type Plant! Form Soil Rates Concentration Slope ~ Reference!

(1) 'tissue Applied pH (kgJha) (pg/g DW) (2) Comments

A Sweet Com/ Sludge 5.9-6.6 0 0.17 0.001 Keefer et a/., 1986.
Grain 8 0.52 Blue Plains sludge.

16 0.1

A Sweet Com/ Sludge 5.9-7.1 0 0.17 0.001 Keefer et a/., 1986.
Grain 1270 0.14 Huntington sludge.

2540 0.42

A Sweet Com Sludge 5.9-6.9 0 0.17 0.001 Keeferet a/., 1986.
2 0.12 Martinsburg sludge.
4 0.14

A Sweet Com/ Sludge 5.9-6.3 0 0.17 0.001 Keefer et a/., 1986.
Grain 24 0.32 Parkersburg sludge.

48 0.12
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TABLE C-SO

UPTAKE OF SELENIUM BY FORAGE

Study Chemical Application TIssUe Uptake

Type . Plantl Form Soil Rates Concentration Slope Reference!

(1) T1ssqe Applied pH (kglha) (pg/g OW) (2) Comments

A Barley Sludge 5.8-7.0 0 <0.05 0.008 Logan et a/., 1987.
3.64 0.08 . Greenfield.

A Barley Sludge 7 0 0.06 0.001 Logan et a/., 1987.
3.6 0.05 Domino.

B Millet Sludge 6.8 0 0.04 0.014 Fu" et aI, 1980.
1.446 0.06 Kalamazoo sludge!

Teel soil.

B Millet Sludge 5.5 0 0.03 0.001 Fu" et ai, 1980.
1.111 0.03 Indianapolis sludge!

Darien Soil.
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TABLE C-5l1

UPTAKE OF SELENIUM BY 43ARDEN FRUITS

lStudy Chemical Application TIssue Uptake
Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (1Jg/g DW) (2) COmments

A BroccolilFruit Sludge 6.8 0 0.016 0.013 Cappon, C.T. 1981.
0.7804 0.026

A Caufdtower Sludge 6.8 0 0.025 0.012 Cappon, C.T. 1981.
0.7804 0.0348

A CucumberIFiuit Sludge 6.8 0 0.006 0.006 Cappon, C.T. 1981.
0:7804 . 0.0102 Slicing cucumber.

A CucumberIFru,it Sludge 6.8 0 0.005 0.004 Cappon, C.T. 1981.
0.7804 0.0076 Pickling cucumber.

A pumpkinlFruit SlUdge 6.8 0 0.012 0.008 Cappon, C.T. 1981.
0.7804 0.0183

A TomatolFruit Sludge 6.8 .0 0.026 0.039 Cappon, C.T. 1981.
0.7804 0.0564

B TomatolTuber Sludge 6.8 0 0.03 0.035 Furr et aI, 1980.
1.446 0.08 Kalamazoo sludgel

Teel soil.

B TomatolFruit Sludge 5.5 0 0.01 0.009 Furr et aI, 1980.
1.111 0.02 Indianapolis sludgel

Darien Soil.
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TABLE C-52

UPTAKE OF SELENIUM BY GRAINS/CEREALS

Study Chemical Application TIssUe. Uptake

Type Plantl Form Soli Rates . Concentration Slope Reference!

(1) TIssue Applied pH (kglba) (pg/g DW) (2) comments

A Barley/Grain Sludge 5.8-7.0 0 0.05 0.001 Logan et al., 1.987.
3.6 0.05 Greenfield.

A . Barley/Grain Sludge 7 0 <0.05 0.001 Logan et al., 1Q87.
3.6 . <0.05 Domino.

B Millet/Grain Sludge 6.8 0 0.03 0.055 Fun-etal,1980.

1.446 0.11 Kalamazoo sludge!
Teelsoil.

B Millet/Grain Sludge 5.5 0 0.02 0.009 Fun- et ai, 1980.
1.111 0.03 Indianapolis sludge!

Darien Soil.
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TABLE C-53

UPTAKE OF SELENIUM BY LEAFY VEGETABLES

Study ChemIcal ApplIcation TIssue Uptake
Type Plantf Form Soli Rates Concentration Slope Reference!

(1) TIssue ApplIed pH (kglha) , (pg/g DW) (2) Comments

A SWiss Chard Sludge 6.1-7.8 0 0.06 0.002 Logan et a/., 1987.
4.17 0.08 Ramona.
8.34 0.08

A Cabbage Sludge 6.8 0 0.0120 0.029 Cappon, C.T. 1981.
0.7804 0.0348

A Lettuce Sludge 6.8 0 0.0150 0.011 Cappon, C.T. 1981.
0.7804 0.0234

A L.,ettuce Sludge 6.8 0 0.0121 0.038 Cappon, C. T. 1981.
0.7804 0.0414

A Parsley Sludge 6.8 0 0.0048 0.001 Cappon, C. T. 1981.
0.7804 0.0043

S Cabbage Sludge 6.8 '0 0.07 0.021 FUff et 81, 1980.
1.446 0.1 Kalamazoo sludge!

Teel soil.

S Cabbage Sludge 5.5 0 0.03 0.001 FUffet aI, 1980.
1.111 0.03 Indianapolis sludge!

Darien Soil.

e-93



e-94



TABLE C-!i5

UPTAKE OF SELENIUM !BY POTATOES

Study Chemical Application TIssue Uptake
Type Plant! Form SoU Rates Concentration Slope Reference!

(1) Tissue Applied pH (kgJha) (1Jg1g DW) (2) COmments

B PotatoITuber Sludge 6.8 0 0.03 0.048 FUffet ai, 1980.
1.446 0.1 Kalamazoo sludge!

Teel soil.

B Potatolfuber Sludge 5.5 0 0.01 0.009 FUff et ai, 1980.
1.111 0.02 Indianapolis sludge!

Darien Soil.
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TABLE C-57 (c:ont.)

UPTAKE OF ZINC BY FORAGE (cont.)

Study ChemIcal ApplIcation TIssue Uptake

Type Plant! Form Soli ' Rates Concentration Slope Reference!
(1) TIssue Applied pH (kglha) (JIg/g DW) (2) Comments

A Barley Uquid sludge 5.6-6.6 0 18.4 0.031 Chang et aI, 1983.
200.4 32.1 Greenfield sandy loam.
397.5 35.2 1979.
746.1 43.7

A Barfey Uquid sludge 5.8-6.8 0 18.4 0.024. Chang et al,1983.
267.2 32.1 Greenfield sandy loam.
530 35.2 1980.
994.8 43.7

A Barley Uquid sludge 5.5-6.9 0 20.9 0.047 Chang et aI, 1983.
334 43.2 Greenfield sandy loam.
662.5 50.6 1981.

1243.5 81.9

A ComILeaf Sludge 7.4 '0 14.5 0.084 Hinesly et aI, 1982.
432 39.9 1978.
no 61.3

1204 118

A Com Sludge 7.4 0 6.12 0.153 Hinesly et aI, 1982.
432 32.9 1978.
no 79.3

1204 192

A ComlLeaf Sludge 7.4 0 14.8 0.201 Hinesly et aI, 1982.
1979.

200 75
390 73

·606 139

A Com Sludge 7.4 0 . 5.47 0.305 Hinesly et aI, 1982.
200 36.5 1979.
390 93.2
606 190

A Com/Leaf SlUdge 7.4 0 13.7 0.217 Hineslyet aI, 1982.
268 4~.2 1980.
321 76
537 130

A Com Sludge 7.4 0 10.4 0.245 Hinesly et aI, 1982.
268 51.7 1980.
321 109
537 204

0.99



TABLE C-57 (cont.)

UPTAKE OF ZINC BY FORAGE (cont.)

Study Chemical Application TIssue .Uptake

Type Plaritl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Com Sludge 5.3-6.5 0 22 0.576 Dowdy & Larson, 1975.

120 79
241 186
482 293

A Com Sludge 5.9-6.0 0 21 0.028 Rappaport et af, 1987.

124 18 Year 1 (1984).

248 28

A Com Sludge 5.9-6.0 0 14 0.157 Rappaport et ai, 1987.

124 50 Year 1 (1984).

248 53

A Com Sludge 5.9-6.0 0 14 0.069 Rappaport et ai, 1987.

124 27 Year 2 (1985).

24(1 31

A Com Sludge 5.9-6.0 0 10 0.141 Rappaport et ai, 1987.

124 37 Year 2 (1985).

248 45

A Com Sludge 5.7 0 28 0.099 Hemphill et ai, 1982.

81 36 Port/and sludge.

A Com Sludge 5.7 0 28 0.029 Hemphiff et ai, 1982.

35 29 Rockcreek sludge.

A Com Sludge 5.7 0 28 0.001 Hemphill et ai, 1982.

30 25 Safem sludge.

A Ryegrass Liquid sludge 6.5 232 25 0.264 Carlton Smith, 1988.

395 68 Mea~s of5 years used.
Sandyloam.

A Ryegrass . Bed-dried 6.5 232 24 0.091 Carlton Smith, 1988.

Sludge 606 58 Means of 4 years used.
Sandyloam.

A Ryegrass Liquid sludge 6.7 276 29 0.188 Carlton Smith, 1988.

494 70 Means of5 years used.
Clay.

A Ryegrass Bed-dried 6.7 276 28 0.073 Carlton Smith, 1988.

Sludge 702 59. Means of 4 years used.
Clay.

A Ryegrass liquid sludge 8.0 138 35 0.123 Carlton Smith, 1988.

292 54 Means of5 years used.
Calcareous loam.
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TABLE' C-57 (cont.)

UPTAKE OF ZINC BY FOI~GE (cont.)

lstudy ChemIcal Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A Ryegrass Bed-dried 8.0 138 34 0.061 Carlton Smith. 1988.
Sludge n6 73 Means of 4 years used.

Calcareous loam.

A BarleylLeaf SlUdge 6.2-6.4 0 18.6 0.001 Sommers et al. 1991.
480 15.5 Ohio data used.

•
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TABLE C-58

UPTAKE OF ZINC BY GARDEN .FRUITS

Study Chemical Application TIssue Uptake

Type Plant! Form 5011 Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (Jig/g DW) (2) Comments

A Squash/Fruit Sludge 5.1-6.0 0 19 0.005 Giord.an9 et ai, 1979.
403 21 . Year 1 (1975).

A Pepper/Fruit Sludge 5.1-6.0 0 36 0.022 Giordano et ai, 1979.
403 45 Year 1 (1975).

A Broccoli/Fruit Sludge 4.7-6.2 0 '87 0.030 Giordano et ai, 1979.

403 ' 99 Year 2 (1976).

A Eggplant/Fruit Sludge 4.7-6.2 0 15 0.017 Giordano et ai, 1979.

403 22 Year 2 (1976).

A Tomato/Fruit Sludge 4.7-6.2 0 26 0.035 Giorda!,o et ai, 1979.
403 40 Year 2 (1976).

A Cantaloupe/ Sludge 4.6-6.7 0 18 0.017 Giordano et ai, 1979.

Fruit 403 25 Year 3 (19n).

A Pepper/Fruit Sludge 4.6-6.7 0 29 0.010 Giordano etal, 1979.

403 33 Year 3 (19n).

A Pea/Grain Sludge 5.3-6-.5 0 70 0.111 DoWdy & Larson,

120 106 1975.
241 105
482 130

A Tomato/Fruit Sludge 5.3-6.5 0 9 0.044 Dowdy & Larson,

120 18 1975.
241 22
482 31

A Pea/Pod Sludge 5.3-6.5 0 28 0.197 Dowdy & Larson,

120 95 1975.
241 106
482 134

A Tomato/Fruit Sludge 5.3-6.5 0 42 0.062 KeeferetsJ,1986.

81 59 Blue Plains slUdge.

162 52 Early fruiting.

A Tomato/Fruit Sludge 5.3-6.5 0 38 0.056 Keefer et ai, 1986.

81 51 Blue Plains sludge.

162 47 Late fruiting.

A TomatolFruit Sludge 5.3-6.5 0 42 0.048 Keefer et ai, 1986.

238 60 Huntington sludge.

476 65 Early fruiting.
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TABLE C-59

UPTAKE OF ZINC BY GRAINS/CEREALS

Study Chemical Application TIssue Uptake

Type Plant! Form Soli Rates . Concentration Slope Referenc81

(1) Tissue Applied pH (itglM) (pg/g DW) (2) Comments

A Com/Grain Sludge 7.4 0 19.5 0.015 Hinesly et al. 1982.
432 26.3 1978.
no - 31.2

1204 38-

A Com/Grain Sludge 7.4 0 12.8 0.026 Hinesly et al. 1982.
200 21 1979.
390. 31.2
606 27.1

A Com/Grain Sludge 7.4 0 15.4 0.041 Hinesly et al. 1982.
268 23.5 1980.
321 29.4
537 37.4

A Com/Grain Sludge 5.3-6.5 D 41 0.049 Dowdy & Larson.
120 47 1975.
241 48
482 65

A Com/Grain Sludge 5.9-6.0 0 30 0.024 Rappaport et al.
124 40 1987.
248 36 Year 1 (1984).

A Com/Grain Sludge 5.9-6.0. 0 17 0.036 Rappaport et al.
124 28 1987.
248 26 Year 2 (1985).

A Wheat/Grain Liquid sludge 6.5 232 29 0.184 Carlton Smith. 1988.
395 59 Means of5 years

used. ·Sandy loam.

A Wheat/Grain . Bed-dried 6.5 232 30 0.86 Carlton Smith, 1988.
SlUdge 606 62 Means of4 years·

used. Sandy loam.

A WheCJtlGrain Liquid sludge 6.7 276 32 0.101 Carlton Smith. 1988.
494 54 Means of5 years

used. Clay.

A Wheat/Grain Bed-dried 6.7 276 31 0.056 Carlton Smith. 1988.
Sludge 702 55 Means of4 years

used. Clay.

A Wheat/Grain Liquid sludge 8.0 138 38 0.071 Carlton Smith. 1988.
292 49 Mea'!s of5 years

used.
Calcareous loam.

e-104



TABLE C-59 (c:ont.)

~,

UPTAKE OF ZINC BY GRAINS/CEREALS (cont.)

!study . Chemical Application TIssue Uptake

. Type Plantl Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g.DW) (2) Comments

A Wheat/Grain Beckiried 8.0 138 40 0.033 Carlton Smith, 1988.

Sludge 776 61 Means of4 years
used.

Calcareous loam.

A Barley/Grain Sludge 6.2-6.4 0 19.9 0.008.' Sommers et ai, 1991.

480 0.008 Ohio data used.
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TABLE C-60

UPTAKE OF ZINC BY LEAFY VEGETABLES

Study Chemical Application TIssue . Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A Lettuce Heat-Treated 5.3-5.4 0 76 0.502 Chaney et al., 1982

Sludge 297 225 Romaine Lettuce

A Lettuce Heat-Treated 6.2 0 39 0.094 Chaney et al., 1982

Sludge 297 67 Romaine Lettuce

A Lettuce Nu-Earth 5.3-5.6 0 76 0.401 Chaney et al., 1982

414 242 Romaine Lettuce

A Lettuce Nu-Earth 6.2-6.6 0 39 0.085 Chaney ~t al., 1982

414 74 Romaine Lettuce

A Swiss Chard Heat-Treated 5.7 0 97 1.088 Chaney et al., 1982

Sludge 297 420

A Swiss Chard Heat-Treated 6.7-6.8 0 38 0.259 Chaney etal., 1982

Sludge 297 115

A Swiss Chard Nu-Earth 5.7 0 97 0.78 Chaney et al., 1982

414 420

A Swiss Chard Nu-Earth 6.7-6.8 0 38 0.186 Chaney et al., 1982

414 115

A Collard Greens Heat-Treated 5.5-5.6 0 47 0.414 Chaneyet al., 1982

Sludge 297 170

A Collard Greens Heat-Treated 6.3-6.4 0 37 0.125 Chaney et al., 1982

Sludge 297 74

A Collard Greens Nu-Earth 5.5-6.3 0 47 0.099 Chaneyet al., 1982

414 88

A Collard Greens Nu-Earth 6.4-6.8 0 37 0.092 Chaneyet al., 1982

414 75

A Lettuce Sludge 6.0 0 47 1.216 Chaney et al., 1978

305.8 419 Romaine lettuce

A Lettuce Sludge 6.0 0 47 0.863 Chaney et al., 1978

301.3 307 Romaine Lettuce

A Lettuce Sludge 6.0 0 47 0.134 Chaney et aI., 1978

208.3 75 Romaine Lettuce

A Lettuce Sludge 6.0 0 47 1.761 Chaney et al., 1978

79.5 187 Romaine Lettur:e
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TABLE C-60 (cont.)

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.)

Study ChemIcal Application TIssue Uptake

Typo Plantf Form Soli Rates Concentration Slope Reference!

(1) TIssue Applied pH (kglha) (pg/g DW) (2) Comments

A lettuce Sludge 6.0 0 47 2.244 Chaney et al., 1978
72.2 209 Romaine Lettuce

A lettuce Sludge 5.1-6.0 0 54 0.191 Giordano et ai, 1979.
403 131 Year 1 (1975).

Great Lakes lettuce.

A lettuce Sludge 4.7-6.2 0 48 0.065 Giordano et ai, 1979.
403 74 Year 2 (1976).

Great Lakes lettuce.

A lettuce Sludge 4.6-6.7 0 46 0.141 Giordano et ai, 1979.
403 103 Year 3 (1977).

Bibb lettuce.

A Lettuce Sludge 4.6-6.7 0 35 0.045 Giordano et ai, 1979.
403 53 Year 3 (1977).

Romaine lettuce.

A lettuce Sludge 4.6-6.7 0 29 0.216 Giordano et ai, 1979.
403 116 Year 3 (1977).

Boston lettuce.

A Cabbage Sludge 4.6-6.7 0 48 0.027 Giordano et ai, 1979.
403 59 Year 3 (1977).

A lettuce Sludge 5.3-6.5 0 21 0.415 Dowdy & Larson,
120 94 1975
241 155
482 225

A Cabba,ge Sludge 5.3-6.5 0 27 0.006 Keefer et ai, 1986.
81 28 Blue Plains sludge.

162 26

A Cabbage Sludge 5.3-6.5 0 27 0.001 Keeferet ai, 1986.
238 26 Huntington sludge.
476 26

A Cabbage Sludge 5.3-8.5 0 27 0.017 Keefer et ai, 1986.
176 35 Martins:Jurg slUdge.
352 33

A Cabbage Sludge 5.3-6.5 0 27 0.19 Keefer et ai, 1986.
63 41 Parkersburg sludge.

126 51
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TABLE C-60 (cont.)

UPTAKE OF ZINC BY LEAFY VEGET~BLES (cont.)

Study Chemical Application Tissue Uptake

Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pglg DW) (2) Comments

A Turnip/Greens Sludge 5.2-5.8 0 83 0.994 Miller & Boswell,
170 346 1979.
340 421

A Cabbage Sludge 7.3 0 30 0.009 Peterson et aI, 1989.
36 33
71 32

143 32

A Lettuce Sludge 7.3 0 85 0.039 Peterson et aI, 1989.
36 108
71 85

143 98

A Lettuce liqUid sludge 6.5 232 59 0.27 Carlton Smith, 1988.
395 103 Means of5 years used.

Sandy loam.

A Lettuce Bed-dried 6.5 232 57 0.091 Carlton Smith, 1988.
Sludge 606 91 Means of4 years used.

Sandy loam.

A Lettuce Liquid sludge 6.7 276 80 0.252 Carlton Smith, 1988.
484 135 Means of5 years used.

Clay.

A Lettuce Bed-dried 6.7 276 75 0.073 Carlton Smith, 1988.
Sludge 702 106 Means of 4 years used.

Clay.

A Lettuce Liquid sludge 8.0 138 64 0.065 Carlton Smith, 1988.
292 74 Means of5 years used.

Calcareous loam.

A Lettuce Bed-dried 8.0 138 67 0.02 Carlton Smith, 1988.
Sludge 776 80 Means of4 years used.

Calcareous loam.

A Cabbage Liquid sludge 6.5 232 395 0.067 Carlton Smith, 1988.
395 36 Means o.f5 years used.

. Sandy loam.

A Cabbage Bed-dried 6.5 232 26 0.032 Carlton Smith, 1988.
Sludge 606 33 Means of 4 years used.

Sandy loam.
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TABLE C-60 (cl)nt.)

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.)

Study Chemical Application TIssue Uptake

Type Plant! Form Soil Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pgJgDW) (2) COmments

A Cabbage UqUld sludge 6.7 276 23 0.083 Carlton Smith, 1988.
494 41 Means of6 years used.

Clay.

A Cabbage Bed-dried 6.7 276 21 0.04 Carlton Smith, 1988.
Sludge 702 38 Means of 4 years used.

Clay.

A Cabbage Uquid sludge 8.0 138 2 0.045 Carlton Smith, 1988.
292 32 Means of6 years used.

Calcareous loam.

A Cabbage Bed-dried 8.0 138 25 0.036 Carlton Smith, 1988.
Sludge n6 48 Means of 4 years used.

• Calcareous loam.

A Spinach Sludge N.R.(3) 0 166 0.487 Lue-Hing et ai, 1984.
66 310 1977 data. used.

132 523 Nu-Earlh.
265 358
331 365

A SWiss Chard Sludge N.R. 0 78 0.283 Lue-Hing et ai, 1984.
66 148 1977 data used.

132 234 Nu-Earlh.
265 141
331 225

-.
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TABLE C-61

UPTAKE OF ZINC BY LEGUMES

Study Chemical Application TIssue Uptake

Type Plantl Form Soli Rates " Concentration Slope Reference!

(1) TIssue Applied pH (kgJha) (pglg DW) (2) Comments.

A Bean!Pod Sludge 5.1-6.0 0 31 0.05 Giordano et ai, 1979.
403 51 Year 1 (1975).

A Bean!Grain Sludge 5.1-6.0 0 64" 0.022 Giordano et ai, 1979.
403 73 Year 1 (1975).

A Green Bean! Sludge 5.3-6.5 0 39 0.001 Keefer et ai, 1986.

Grain 81 35 Blue Plains slUdge.
162 38

A Green Bean! Sludge 5.3-6.5 0 39 0.017 Keefer et ai, 1986.

Grain 476 47
238 35

A Green Bean! Sludge 5.3-6.5 0 39 0.014 " Keefer et ai, 1986.
Grain 17~ '42 Martinsburg sludge.

352 44

A Green Bean! Sludge 5..3-6.5 0 39 0.024 Keefer et ai, 1986.
Grain 63 42 Parkersburg slUdge.

126 42

A Green Bean! Sludge 7.3 0 38 0.018 Peterson et ai, 1989.
Grain 36 52

71 49
143 44

A Green Bean! Sludge N.R. 0 34 0.006 Lue-Hing et ai, 1984.
Pod & Seed 66 36 1977 data used.

132 38 Nu-lEarth.
265 36
3.31 37

A Soybean! Umed digested 7.3-7.5 70.6 39.5 0.02 Chaneyet ai, 1977.
Grain sludge 107.4 43.5 For control used cal-

87.2 43.1 careous soil dats.
132.4 40.4 Chaney's values are
179.2 43.9 means of3 reps.
225.2 44.1

A Soybean! Umedraw 7.3-7.7 70.6 39.5 0.027 Chaney et ai, 1977.
Grain sludge 95.8 42.3 For control used cal-

95 42.2 careous soil data.
151.8 42.4 Chaney's values are

means of3 reps.
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TABLE C-61 (cont.)

UPTAKE OF ZINC BY LEGUMES (cont.)

~tudy ChemIcal Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (..gIg OW) (2) Comments

A Soybean! Raw sludge 6.6-7.3 70.6 39.5 0.026 Chaney et ai, 1977.

Grain compost 101.4 44.8 For control used ca/-

125.4 44.1 careous soil data.

196.4 47.5 Chaney's values are
318.8 45.9 means of3 reps.
525.6 54.5

A Soybean! Heat treated 5.9-6.0 75.2 44 0.055 Chaney et ai, 1977.

Grain slUdge 150.2 48.5 Chaney's values are

High pH 170.4 52 means of3 reps.
298.4 56.5

A Soybean! Heat treated 5.3-5.6 78.2 44.8 0.032 Chaney et ai, 1977.

Grain sludge 144.6 57 Chaney's values are

Low pH 1.76 51.6 means of3 reps.
325 55.3
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TABLE C-62

UPTAKE OF ZINC BY POTATOES

Study Chemical Application TIssue . Uptake

Type Plant! Form Soli Rates ConcentratiOn Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) CQmments

A PotatolTuber Sludge 4.7-6.2 0 16 0.007 Giordanoet aI, 1979.

403 19 Year 2 (1976).

A PotatolTuber Sludge 5.3-6.5 0 24 0.061 Dowdy & Larson,

120 31 1975.

241 41
482 53

A PotatolTuber Uquid sludge 6.5 232 13 0.018 Carlton Smith, 1988.

395 16 Means of5 years used.
sandy loam.

A PotatolTuber Bed-dried 6.5 232 13 0.008 Carlton Smith, 1988.

Sludge 606 16 Means of 4 years used.
Sandy loam.

•
A PotatolTuber Uquid sludge 6.7 276 15 0.014 Carlton Smith, 1988.

494 18 Means of5 years used.
Clay.

A PotatolTuber Bed-dried 6.7 276 15 0.005 Carlton Smith, 1988.

Sludge 702 17 Means of4 years used.
Clay.

A PotatolTuber Uquid sludge 8.0 138 7 0.013. Carlton Smith, 1988.
292 9 Means of5 years used.

Calcareous loam.

A PotatolTuber Bed-dried 8.0 138 8 0.006 Carlton Smith, 1988.

Sludge 776 12 Means of 4 years used.
Calcareous loam.

e PotatolTuber Organic, metal 6.6 3622 36.2 0.01 Harris et aI, 1978.

contaminated soil Vanessa-potato type.

e PotatolTuber Organic, metal 6.6 3622 48 0.013 Harris et aI, 1978.

contaminated soil Pentland Javelin-

f

-potato type.

e PotatolTuber Organic, metal 6.6 3622 55.2 0.015 Harris et aI, 1978.

contaminated soil Home Guard-
-potato type.

e PotatolTuber Organic, metal 6.6 3622 . 52.7 0.015 Harris et aI, 1978.

contaminated soil Desiree-potato type.

e PotatolTuber Organic, metal 6.6 3622 36.2 0.010 Harris et aI, 1978.

contaminated soil King Edward-potato type.

e PotatolTuber Organic, metal 6.6 3622 . 43.7 0.012 Harris et aI, 1978.

contaminated soil Majestic-potato type.
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TABLE C-63

UPTAKE OF ZINC BY ROOTS

!study Chemical Application Tissue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A CarrotITuber Sludge 4.6-6.7 0 29 0.001 Giordano et ai, 1979.
403 30 Year 3 (19n).

A CarrotITuber Sludge 5.3-6.5 0 23 0.164 Dowdy & Larson, 1975.
120 53
241 72
482 104

A RadishITuber Sludge 5.3-6.5 0 37 0.131 Dowdy & Larson, 1975.
120 40
241 50
482 98

A RadishlTuber Sludge 5.3-6.5 0 42 0.006 Keefer et aI, 1986.
81 43· Blue Plains sludge.
"162 43

A CarrotITuber Sludge 5.3-6.5 0 99 0.025 Keefer et aI, 1986.
81 232 Blue Plains sludge.

162 103

A RadishlTuber Sludge 5.3-6.5 0 42 0.08 Keeferet aI, 1986.
238 52 Huntington sludge.
476 42

A CarrotlTuber Sludge 5.3-6.5 0 99 0.001 Keefer et aI, 1986.
238 67 Huntington sludge.
476 51

A RadlshlTuber SlUdge 5.3-6.5 0 42 0.054 Keefer et aI, 1986.
176 52 Martinsburg sludge.
352 61

A CarrotlTuber Sludge 5.3-6.5 0 99 0.004 Keefer et aI, 1986.
176 84 Martinsburg sludge.
352 83

A RadishlTuber Sludge 5.3-6.5 0 42 0.206 Keefer et aI, 1986.
63 65 Parkersburg slUdge.

126 68

A CarrotlTuber Sludge 5.3-6.5 0 99 0.001 Keefer et aI, 1986.
63 66 Parkersburg sludge.

126 60

A OnlonlBulb Sludge 7.3 0 35 0.001 Peterson et aIr 1989.
36 31
71 29

143 31
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TABLE C-63 (cont.)

UPTAKE OF ZINC BY ROOTS . (cont.)

Study Chemical Application TIssUe Uptake

Type Plantl Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (1I9/g DW) (2) Comments

A Red BeetITuber Uquid sludge 6.5 232 27 0.184 Carlton Smith, 1988.
395 57 Means'of '5 years used.

Sandyloam.

A Red BeetITuber Bed-dried 6.5 232 25 0.048 Carlton Smith, 1988.

Sludge 606 43 Means of 4 years used.
Sandyloam.

A Red BeetITuber Uquid sludge 6.7 276 31 0.193 Carlton Smith, 1988.
494 73 Means of5 years used.

Clay.

A Red BeetITuber Bed-dried 6.7 276 30 0.054 Carlton Smith, 1988.

Sludge 702 53 Means of 4 years used.
Clay.

A Red BeetITuber Uquid sludge 8.0 138 26 0.039 Carlton Smith, 1988.
292 32 Means of5 years w;l~d.

Calcareous loam.

A Red BeetITuber Bed-dried 8.0 138 25 0.009 Carlton Smith, 1988.
Sludge 776 32 Means of4 years used.

Calcareous loam.

A BeetITuber Sludge N.R. 0 29 0.087 Lue-Hing et aI, 1984.
66 37 1977 data used.

132 44 Nu-Earth.
265 51
331 60

A CarrotITuber Sludge N.R. 0 26 0.019 Lue-Hing et ai, 1984.
66 21 . 1977 data used.

132 27 Nu-Earth.
265 29
331 30
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TABLE C-4.4

UPTAKE OF ZINC BY ~.WEETCORN

~tudy Chemical Application TIssue Uptake

Type Plant! Form Soli Rates Concentration Slope Reference!

(1) Tissue Applied pH (kglha) (pg/g DW) (2) Comments

A SweetComl Sludge 5.1-6.0 0 25 0.037 Giordano et ai, 1979.
Grain 403 40 Year 1 (1975).

A SWeetComl Sludge 5.3-6.5 0 24 0.019 Keeferet ai, 1986.
Grain 81 26 Blue Plains sludge.

162 27

A SweetComl Sludge 5.3-6.5 0 24 0.001 Keefer et ai, 1986.
Grain 238 25 HiJntington sludge.

476 24

A SWeetComl Sludge 5.3-6.5 0 24 0.02 Keefer et ai, 1986.
Grain 176 29 Martinsburg slUdge.

352 31

A SWeetComl Sludge 5.3-6.5 • 0 24 0.095 Keefer et ai, 1986.
Grain 63 30 Parkersburg sludge.

126 35

A SWeetComl . Sludge 5.7 0 40 0.062 Hemphill et ai, 1982.
Grain 81 45 Portland sludge.

A SweetComl Sludge 5.7 0 40 0.001 Hemphill et ai, 1982.
Grain 35 40 Rockcreek sludge.

A SweetComl Sludge 5.7 0 40 0.001 Hemphill et ai, 1982.
Grain 30 39 Salem sludge.
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TABLE D-1 UPTAKE OF CADMnJM IS'{AMMALS

aMdH TItsHAI'IItI- CIoNPIJcaI I'oIIwaIIt ,... ..... T1ftM~ .....-c T/IIlwt UpbIII It"'- U'MlI ~

I :1 " r-1'tt1 IIWM1i1ty fI'~ ColIc.

-IdIWffl Ir;:;
..,. e-. .... '" ~(~) Ill;DWftlay) MIll) t%)

_OW}
m Ik:IIbl kf III

~ II KIdney II 5kldge amtndtd diet 077 031 77.02 1~13 OJ138 Boywetat.I981 (P2&e) 1 h
12.3 2,0 77.02 870322019

~ II KIdney 'I Slvdot a"*ldtd diet 114 1.19 1.277 JoIInton It at. 1ge1 (P,112) 1 h
IIl.ll 14,55..

ClIlIt 12 Kldnty 4 III 2 18 0,1111 270 4ll 77.02 1174,93473 1033,943 \'rtmI,n Ital.. llil8ll 1 h,l.m
4 152 18 8.4444 2250 eeo 77.02 9791.12272

Calllt II K1dMy 2 11I 2 20 0.1 300 130 77.02 23106 296783.733 Vremallltat.l9llll 1 h,I,n
2 32 20 1.11 eoeo 700 77.02 468281.11

~lIIe 8 K1dMY 2 Harbor Iludge 2 20 0.1 300 130 77.02 23106 280489.291 Vlwmln It al.. llil8ll 1 h,n
1 10 21 0.4762 1670 77.02 12&623.4

~1lIt 8 KfdMY 2 Sewage Iludgo 2 20 0.1 300 130 77.02 23106 53914.000 Vreman It aI•• 1'9llll 1 h,n
2 6 21 0.2857 430 70 77.02 33118.8

Pallle II Musct. 8 Sludge amtndtd diet 0.77 0.02 70.62 0.06807352 0.003 8oyIrltal..lgel (p.286) 1 h
12.3 0,03 70.62 0.10211028

~

Palllt 8 Musct. 3 Sludge al11'llldtd diet 0.14 0.01 0.002 JoIlMOllIt aI., 1981 (p.II2) 1 h
10.8 0.03

ClIlIt 12 Musct. 12 [1] 2 18 0.1111 5 1 70.62 17.0183799 0.001 VNman 1tal..I9llll 1 h,I,m
12 152 .. ......... . . 70.82 13.614703910 0 .......... .. .

ClIIle 8 MUlCt. 2 [1] 2 20 0.1 2 0 7M2 1l.80735194 11.348 Vl'tmanltal.• I9llll 1 h,l,n
2 32 20 1.8 7 1 70.112 23.ll257318

ClIIle 8 Musct. 2 Harbor Iludge 2 20 0.1 2 0 70.112 8.lI0735194 18.095 Vreman It aI.• 19l1ll 1 h,n
1 10 21 0.4762 4 70.112 13.8147039

CItlIe 8 Musct. 2 SoMge Iludge 2 20 0.1 2 0 70.62 1l.1KI735194 18.327 V_nltal.• I9llll 1 h,n
2 6 21 0.2857 3 1 70.112 10.2110279

CIIIle 8 U- 8 Sludge emondod diet 0.77 0.06 88.99 0.2579813 0.397 8oyIrItal.• 1981 (p.286) 2 h
12.3 1.5 68.99 4.83714931

CIIIle 8 U- 8 Sludge amondod diet 0.14 0.19 0.452 JohMOllIt at. 1981 (p.112) 2 h
10.8 4.92

callie 12 Liver 4 [1] 2 18 0.1111 65 14 68.99 209.809603 454.892 Vraman It .... lsee 2 h,l,m
4 152 18 8.4444 1240 200 68.99 3998.71009

CItIIe 8 liver 2 [l) 2 20 0.1 60 20 68.99 193.4859n 3095.778 V_notal.• lsee 2 h,tn
2 32 20 1.8 1500 llK1 68.99 4837.14931

CItlIe 8 Liver 2 Harborlludge 2 20 0.1 60 20 68.99 193.4859n 857.218 Vreman ot at. lsee 2 h,n
1 10 21 0.4762 160 68.99 515.982593

CItlIe 8 Liver 2 Sewage Iludge 2 20 0.1 60 20 68.99 193.4859n 694.565 Vrtman ot at. lsee 2 h,n
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TABLE 0·1 UPTAKE OF CADMIUM BY ANIMALS (cont)

S-l.. TIsweAMh Nd CIMmIcal Pollutallt "ted I'ted Tlautl Concentnlllon ptIUIIt 'Ia.,. Upta.. RlfIIl'tllca Used I'ocItnotie

I :1
N "onn ,ed qllent!ty qllantlty Cone.

("~dlYM)I~ mols1ure Cone. Slope '" reI'eI'tIIcft

lbl
Imgldayl IkgDW/day) 1m) (%) (1I01~DW)

m Ik1leI

2 6 21 0.2857 100 30 68.99 322.47662

Cattle 12 Milk 12 \11 2 18 0.1111 0.26 87.30 2.a.72«09 0.123 Vreman et at, 1986 6 h,l,m
12 152 16 8..«« 0.39 87.30 3.07086614

Catlle 8 Milk 4 (l) 2 20 0.1 0.15 87.30 1.16110236 0.262 Vreman et el., 1986 6 h,l,n
4 32 20 1.6 0.20 87.30 1.57480315

Cattle 8 Milk 4 Hal'bor sludge 2 20 0.1 0.15 87.30 1.18110236 0.001 Vremanetal., 1986 6 h,n
2 10 21 0.4762 0.10 87.30 0.787.c157

Cattle 8 Milk 4 Sewage sludge 2 20 0.1 0.15 87.30 1.18110236 2.120 Vreman etal., 1986 8 h,n
4 6 21 0.2857 0.20 87.30 1.57480315

Sheep 5 Kidney SIlldo' gl'lMTl coi'n silage 0.05 5.4 7.939 HelI'ron at al., 1980 (p.80) 3 h,G
9 1.1 18.5

Sheep 5 Bone Sludge gl'lMTl com siliga 0.05 0.01 0.008 HelI'ron at at, 1980 (p.80) h,G
9 1.7 0.02

Sheep 5 Liver Sludge gl'lMTl com silage 0.05 1.2 2.788 HelI'ronatal.,l980(p.80) 3 h,G
9 1.7 5.8.

Sheep 5 Musele Sludge gl'lMTl com silage 0.05 0.005 0.003 He«Ionetal.,l980(p.80) 3 h,G
9 1.7 0.01

PIg 10 liver CdCI(2) 0.23 0.07 71.116 0.24187975 8,318 Shannaatal.,1979 4 I
2.41 0.4 71.08 1.38217001

10.12 17 71.08 58.7422253

Swfne 12 Liver CdCI(2) 0.38 0 71.08 0 0.573 Osuna at al., 1981 (p.1M5) 4 e,ll
18.8 12.98 71.08 ".85,.,87 Experiment 1

Swfne 12 Liver Sludge amended diet 0.12 0 71.08 0 0.074 OIlNatll.,l981 (p.1M5) 4 e,ll
m.3 3.15 71.08 10.880C5888 . Experiinenn .

Pig NR Kid,ney CdCI(2) 0.23 0.2 7U3 0.59358924 18.859 Shatmaatal..1979 4 . I

2.41 10.97 7U3 Q.4111595
10.12 42.30 74.73 167.392185

Swfne 12 Kidney CdCI(2) 0.36 0 . 80.08 0 3.971 OIlNatal., 1981 (p.1M5) 4 e,g
7ae 81.95 80.08 310.682a.8 Experiment 1

Swfne 12 Kidney Sludge amended diet 0.12 O' 80.08 0 0.800 OIlNatal., 1981 (p.1545) 4 e,ll
147.3 23.49 80.08 117.80341 Experiment 1

Swfne 12 Muscle CdCI(2) 0.38 0 71.95 0 0.001 05__11.,1981 (p.1545) 4 e,ll
78.6 0 71.95 0 Experiment 1

Swfne 12 Muscle Sludge amended diet 0.12 0 71.95 .0 0.001 Osuna at II., 1981 (p.1M5) 4 e,ll
147.3 0 71.95 0 Experiment 1

!chicken 8 Kidney CdSO(4).8H(2)O 0.18 0.39 5.052 LNCh et at, 1979 5 II
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TABlE [>.1 UPTAKe Of CADMMJM BYAHIJiW.S (cont.)

s-I .. ,......~ CJN<Iok* MuWlt I'Md ..... ns-~ ..-wt f\mII u,e.IIt ~ tnM ~
H I: f'«1'll1't4 ~ ~1IIMMy ~

k#I~Wffl 1r;::: lMldIw ~ IIepe til I'I'ftnMM

lal
(~ (lcll DW/idr,t) ClIftJ (%,)

M'llmDWJ
lidicJ- m

318 fl:11 Elql«\mIot 1
12..18 .w.OO
..U8 2:lQ07

!chicken 5 KldntY CdSO(4).&H{2)O 007 8.5 7.400 l.tfIch It11., 19N 5 g
3m 30.8 Experilntnt 2

12.07 92.8
.07 365.9

Chicken 12-15 KldntY CdSO(4).8Hi(2)O 0.22 17.1 7.523l.tf1ch 1t.... 1llN 5 g
3.22 273.9 ExpeOlMIll3

12.22 708.3
43.22 540.7

Chlcktn 8 UvIf' CdSO(4).8H(2)O 0.18 0.23 1.837 LMCh ltal.,19N 5 g
3.18 4.75 ExperilMlll1

12.18 15.13
43.18 87.19

~hlcken 5 UvIf' CdSO(4).8Ii(2)O om 1.8 1.858 LMCh It aI., 1979 5 g
3.07 .. 9 ExperimInl2

12.07 26.5
43.07 91.8

IChlcken 12-15 LIYlIr CdSO(4).8Ii(2)O 0.22 2.99 4.051 l.tfIch It al.. 19N 5 g
3.22 33.47 ExperimInl3

12.22 41.e2
43.22 203.54

Chicken Musele CdCI(2) 0.32 0.063 75.48 0.25672372 0.057 ShenMltal.• 19N 5 I
1.88 0.140 75.48 0.57049715

13.08 0.263 75.48 1.07171984

Chicken 8 Muscle' 9dSO(4).8Ii(2)O 0.18 0.07 0.014 l.tfIch It 11.. 1979 5 g
3.18 0.15 ExpeOlMIll1

12.18 0.26
43.18 0.75

Chicken 12-15 MIIICII CdSO(4).8Ii(2)O 0.22 0.12 0.132 l.tfIch It 11.. 1979 5 g
3.22 0.57 ExpeOlMIll3

12.22 HI8
48.22 8.48

Chicken Eggslyolk CdCl(2) 0.32 0.13 51.10 0.28584887 0.003 ShenM It ilI.. 1979 7 I
1.88 0.14 51.10 0.28829857

13.08 0.15 51.10 0.30874847 ~

Chlckell 5 Egg CdSO(4).8H(2)O 0.07 0.05 0.001 Leech Ital.. 1979 7 g
3.07 0.08 Experiment 2

12.07 0.07
48.07 0.13

!chicken 12-15 Egg CdSO(4).8Ii(2)O 0:22 0.18 0.002 l.tfIch It aI., 1979 7 g
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TABLE 0-1 UPTAKE OF CADMIUM BY ANIMALS (conl)

SIlK'" TI_AIlIII! zecI ChemJQI PolIlllMt I'MIl I'MIl TInIMl ConcentratIoIl percent Tluul Uptab RefHenct used I'cIatnc*

I :t

N I'onn l'eeI qu.mlty qu.mlty Cone.

(l'~dtWW) I~ moisture CoIIc:. Slope In reftnlnclS
(mgJday) (leg OW/dlY) IpgIg) (%) (pgJ~DW)

lbt let m Ikt

3.22 0.13 ExperIment 3
1222 0.14
48.22 0.22

Oulnel Pig 4 Muscle [rl 1.2 0.1 0.001 Furretll.,l976b h,p
3.3 0.07

Guinea Pig 4 Muscle [r) 1.2 0.1 0.001 Furr It II., 1976b h,q
4.1 0.05

Guinea Pig 4 Liver [r) 1.2 2.0 0.001 Furr It II., 1976b h,p
3.3 1.8

Guinea Pig 4 Liver [r) 1.2 2.0 0.138 Furr It II., 1976b h,q
4.1 2.4

Guinea Pig 4 Kidney [r) 1.2 8.2 0.571 Furr et ,I., 1976b h,p
3.3 7.4 ~

iGulnet Pig 4 Kidney [r) 1.2 8.2 1.517 Furrltll.,1976b h,q
4.1 10.8

FootnoleI:
I Number ohnlmals studied.
b Number IIlImp!es IlIlIlyzed.
C WOOR pollutant qUlntlly Ind IMd qUllntlly I,. glYtn, fNd concentr8tIon .. (pcllutant qUlntily)l(feed qUllntlly).
d. If It Is not lpeclfltd If liIIut eonclnllltion Is wit 01' dIy weight, then It Is treated conserYItiYely II being rtpOrIed IS wit weight Ind ttIIll corMlrtlng to dry weight Rer..nced ISlboInolIl.
• Not specIfted whelheI' tissIHI conee"lIItion Is wet 01' dry \WIght .
f TISIlHl concentration tither~ U dry weight 01' COlMlted from wet to drywelght using: dry weight CC11C1n1rtt1on II (wet weight concenlIItIon)/((l00 • ptIC8nI molIlu,.)/l00)
g Feed CC11C1n1rtt1on wit weight NoCClllWlllon pttfonned bectuse nofMd moisture datlllvallable. NotCCllMlrting resulls In consarvatIYt output
h Feed cort.:enIration dry'welght
I Feed CCIIICeII\I'IIt not Ip«:Illed. No CCIIlWIIlon pIIfom1ed.
J UplIkt.... (drywtlght liIIut cOllclntrltlon)/(fecd ooncantrlItIon). Units a,. (lIll-pollutantlg-llllut DW)/(IIll-pollutantig-dlet). Dlnom&lIlDr units my be rm, WW 01' unspeoIfltd (_ foolnoteI g.h, & I).
k "Used In"lndlcltts that the IIudy II used for CIIcuIItlng the following food group upllke I!opt: 1bitt, 2 beef lllltr; 311mb; 4 perle; 5 poultry; 6 dairy; 7 eggs.
I Cowl ftd soluble compounds IIIl'IIlIIc ptlI1olddt, cedmlum,'Iead,and mercury aeetlIle.
m Grazing COWl
n Cowl kept IndoonI
o Diet CCllIIiIted 11415 corn and 115 soybttn l11li;' No concentnItion for cedmlum In soybean meet glYtn,lIerefore assumed IImI IS corn.
P SoUpH8.5
q SoIlpHS.5
r Gull\lll pigs fed Hlenlum In 9NfII chard grown In sawage Iludge.

Note: percent molIlure dale from USDA, 1963



TABLE D-2.. UPTAKE OF MIERCURY BYM1IMALS

CtHofll1eal ......... I'MII ptl'Ct1IIt
~l=I~~~=r-..... ~ ~-.lIty IMh6IIrw

11llWfty) fill DWcI'I'J) (%) llIMDW)

8 MIISClt ~ 0.02 0,01 0,003e78 JoImIonlltll.l1161 1,3,4,5 h
28 0.02

12 MUICIt 12 [1] 0,2 18 0.01111 3 1 70,62 10211'02791 .co,8«112 Vl1mInllt .... I9M 1.3.4.5 Mm
12 1.7 18 0,094« .( 1 70.52 13.81470388

8 MIISClt 2 [q 0.2 20 0.01 2 0 70.62 15.80735194 0.001 Vreman It al.. 1ge6 1,3,4,5 hol,n
2 1.7 20 0,065 2 1 70.62 8.80735194

8 MIIIClt 2 Harbor~udge 0.2 20 0.01 2 0 7D.62 8.80735194 0.001 Vl'Wlllln It aI.• 19M 1,3.4,5 h.n
1 3.1 21 0.14762 1 70.62 3.40367597

8 MIIIClt 2 SewIge IIudge 0.2 20 0.01 2 0 70.62 8.80735194 0.001 V_It .... 19M 1.3.4.5 h,n
2 1.2 21 0.05714 2 1 70.62 8.807351'94

8 KIdney Sludge 0.02 0.09 0.755814 Johnsonlt.l., 1981 1,3.4,5 h
2.8 2.04

12 KIdney 4 [q 0.2 18 0.01111 II 48" 77.02 39.1844llO86 783.28982 V_ItIl.• lees 1.3.4,5 h,l.m
. 4 1.7 18 0.09444 24 aeo 77.02 104.43lI8423

t1
I

ICatIle [q-.J 8 KidIlty 2 0.2 20 0.01 5 1 77.02 21.7580504e 4293.588lI V_nIt II.• 1988 1,3,4,5 Mn
2 1.7 20 0.085 79 7 77.02 343.mlIl78

8 KIdney 2 Harbor sludge 0.2 20 0.01 5 1 77.02 21.758ll5043 1422.9313 Vrwnln lit II., 1ge6 1.3,4.5 h.n
1 3.1 21 0.14762 50 77.02 217.58ll5043

8 KIdney 2 SewIge sludge 0.2 20 0.01 5 1 77.02 21.75805048 2030.7514 V_nit .... 19M 1,3,4,5 h,n
2 1.2 21 0.05714 27 5 77.02 117.4934728

8 LIYIr Sludge 0.02 0.01 0.1007752 Johnson It II., 1981 2,3,4.5 h
2.8 0.27

12 LIYIr 4 m 0.2 18 0.01111 7 1 88.99 22.57338343 118.09158 V_It.... lees 2,3,4,5 h.l,m
4 1.7 18 0.09444 10 2 88.99 32.24788204

8 LIYIr 2 m 0.2 20 0.01 3 1 88.99 9.87429ElS13 988.9283 V_n It"'. lees 2.3.4,5 h.I,n
2 1.7 20 0.065 26 7 88.99 83.84392132

8 llYer 2' Harborlfudge 0.2 20 0.01 3 1 88.99 9.874298813 257.75813 Vremlnltll., 1988 2,3.4.5 h.n
1 3.1 21 0.14762 14 88.99 45.14672888

8 LIYIr 2 SewIge sludge 0.2 20 0.01 3 1 88.99 9.874298813 410.42479 V_nltll., 1986 2,3,4.5 h,n
2 1.2 21 0.05714 9 3 88.99 29.02289584
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TABLE 0-2. UPTAKE OF MERCURY BY ANIMALS (cont.)

lIDIcles TIlsuI"Mhned CIIeIIlIcal I"oIIIItIInt I'ftd I'ftd Tin... CoMIfttnIlIon percent TIs_ Uptlike Rtrerence UMd l'oatnotII

L: T:1
1'0Il'II1'ed qun1lty qu..tlty Cone.

I~I
IlIOlItuN Cone. Slope In reI'arences

Imt/day) Ikg DWIday) (~) IlIgI~d1WW) Iti-) 1%) 11II1~OW)
m Ikl

CIttle 12 Mille 12 (I] 0.2 18 0.01111 2.3 0.03 87.3 18.11023822 0.001 Vreman at II., 1988 8,7 h,l,m

12 1.7 18 0.ll!l4« 0.9 0.10 87.3 7.08661"173

PattIe 8 Milk .. [ij 0.2 20 0.01 0.5 87.3 3.937007874 10."98688 Vreman at II.. 1988 8,7 h,l,n

.. 1.7 20 0.085 0.8 0.1 87.3 ...72....09449

CaItIe 8 Mille .. HarbOr sludge 0.2 20 0.01 0.5 87.3 3.93700787" 108.71046 Vremanatal..l988 8,7 h,n

2 3.1 21 0.1"782 2." 0 87.3 18.8978378

CIttle . 8 Milk .. S&waga sludge 0.2 20 0.01 0.5 87.3 3.93700787" 133.81966 Vremanatll.• l988 8,7 h,n

.. 1.2 21 0.0571" 1.3 0.5 87.3 10.23622047

GulntePIg .. MUICle (0) 1.0 0.804 7.71"2857 Furratll..l978b M,5 h,o,p

0.93 0.10

Iaulnte Pig .. Muscle (0) 1.0 0.804 0.39130043 Furratll., 1978b 3,",5 h.o,q .

O.s.- 0..48

Ioulnte Pig ..
..

LIYIf (0) 1.0 0..... 0...28571.. Furr at II.. 1978b 3,4.5 h,o,p

0.93 0."1

~ulntePIg .. LIYIf (0) 1.0 0..... 0.1088957 Furrat .... 1978b 3.",5 h,o,q .
O.s.- 0.39

1aU!nte Pig 4 Kldnay (0) 1.0 0.10' 0.001 Furratll..I978b 3,4.5 h,o,p

0.93 0.27

Gulnte Pig 4 .I<ldnay ~oJ 1.0 0.10 0.001 Furr at .... 1978b 3,4.5 h.o,q
O.s.- 0.20

FClOlnOtes:
a Number tllnlmall studied.
b Number tlllmplelinalyzed.
C Where pollutllntquantity Ind fled quantity.,. givlm, fled COIlCIIltrItIon a (pollutant quant!ty)l(fMd quantity). .
d I\' It II not spaclftId If tiuuI cOllclnbItIon II wet or Illywefght, then Ills treated conservatively IS being repolllId II WIt WI!ght Ind then CllllWrting lD dry WIlght. RefnncId II foclIncU I.
I Not IflICllied whIlhII' tiuuI COIIC1t1lJ11lon II wetor dryWIIght.
f Tiaue COIIC1111l1t1on IiIhIr NPOIted II dry MIght or COIIYIItId from wet lD dryWIIght uslng: dry welght COI1C1t1lra11011- (WItweight COl1CIt11retIon)/«100· pIICInt rnoIIlure)l100)
g Fftd cotlClt1lJl1lon WIt WIlght. No COIMIIIlon performed because no feed rnolslure datlI avallable. Not COIMIting I'ISlIIlIln conseMtive output
h Feedcotlc.ubltIondryWllght •
I Feed cOllc.ulratlon not specified. No COIMlI'Slon petformed.
J Uptlke lIopIa (dryWllght tiuuI concantrallon)/(feed ""COI""ICIt""ntra-lioIMn). Units I,. (Illl-poliutantlg-lluue OW)I(\lll"POIlutlllI!Ig-dlet). Del1omInelor units my be rm. ww or lIIllIPIClfled (see foo!noIes g,h, & I).
k"Ulld In"1ndicIlIs \hit 111I study Is used for calculltlng 111I following food group uptllke slope: 1 beef; 2 beef IlYer; 311mb; 4 pork; 5 poultry; 8 dllry; 7 eggs.
I e-fed soIubiecornpounds tlll'IIlllc penloldde, Cldmlum.leed. and mercury 1CIlItt. Fled COIICItI!ntlon repolllId II COIlCI1rt1ll1on tI mercury 1CIIlIIe.
mGrufng cows .
n Cows kept Indoors
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TABLE D~. UPTAKE OF SELENIUM BY ANIMALS

SOle... TIHue AnaiYh Chemical Pollutant FIMd Feed TIMue COneentrltIon pen:ent . TIQue Uptake RtfetInce UMd FoolJlOliI

N N FormFId quantity qUlntIty cone. range llIOIslUI'e Cone. Slope In refertnc:tS

In9dIY) IkIiDW/day) (Jlgl1I) 1~g1~d1WW) (+/-) (I) (pgIgOW)

ral Ibl leI 1ft m Ikl

PIg MuICIe Natural diet 0.027 0.034 71.115 0.12121212 3.72571117 Kyetll.,1l173 3,4,5,8,7 h
0.4113 0.521 71.115 1.85731175 IS cited In NAS, 1.(p.339)

Pig MulCIe Sodium selenite 0.04 0.12 71.115 0.427807411 3.2OIl5581 Ky et II., 11173 3,4,5,8,7 h
0.44 0.48 71.115 1.71122l1li5 Q cited In NAS, 1ClllO (p.33II)

PIg llvef Sod,lum ..len~ 0.04 0.81 71.08 2.107801128 1.ll8888II4 Kyetal., 11173 3,4,5,8,7 h
0.44 0.84 71.08 2.lKl255701 IS cited In NAS, 1.(p.339)

Pig Kidney Sodium Hlenlte 0.04 2.14 80.08 10.7321006 0.37«11284 Kyetll.,ll173 3,4,5,8,7 h
0.44 2.17 80.08 10.88284711 IS cited In NAS, ll1llO (p.339)

Guinea PIg 4 Kidney [I) 0.08 1.81 0.001 FUlTetll.,1I17llb(pp.ll7-88) 3,5,8,7 h,l,m

0.08 1.811

GulnelPig 4 MuICIe [Q 0.08 0.38 0.5 FUIT et II., 1117811 (pp.87-88) 3,5,8,7 h,l,m

0.08 0.37

Gulnel PIg 4 lIvef [Q 0.08 1.12 11 FUIT etal, 1117811 (pp.87-88) 3,5,8,7 h,l,m
0.08 ~ 0.00

MouN (male) 5 Heart Sodium Hlenlta 0.08 0.22 73 0.«11481481 1.32Olllln Schrolder &MIlctMn., 11172 (p.ll2) 3,5,8.7 11,0
18 3.08 1.2G 73 4.nnn78 .

MouN (male) 18 Heart Sodium aeleMt8 0.08 0.10 73 0.37037037 O.llO49383 Schrolder &MIti:htner, 18n (P.8:z) 3,5,8,7 II,P
51 3.08 0.58 73 2.18518518

MouN (female) 23 Heart Sodillm HIenlt8 0.08 0.24 73 O.lllllllllllllll 1.111511152 Schrolder&MIlI:llIner,18n(p.ll2) 3,5,8,7 II
18 3.08 1.20 73 4.4««4«

MouN (female) 18 Heart Sodium Hlenlt8 0.08 0.111 73 0.7037037 0.3333333 SchroId« &MIti:htner, 18n (p.ll2) 3,5,8,7 II
43 3.08 0.48 73 1.7037037 ....

MouN (male) ~ lIvef Sodium 1Ilen1le 0.08 0.55 71 UII8551n 1.5747128 SchI'OlCllW &M~. 11172 (p.ll2) 3,5,8,7 . II
18 3.08 1.112 71 8.ll2Oll8llllll

MouN(mtIe) 111 llvef SodIum Hlenlte 0.08 0.15 71 0.51n4138 1.58n011·SchloId«&M1tl:l.-, 11172 (p.ll2) 3,5,8,7 II
51 3.08 1.54 71 5.310344ll3

Mou&a (female) 23 u...r Sc:Ilum selenite 0.08 0.54 71 1.lMI2OllllliI7 2.344ll278 Schrolder.& MIlI:llIner. 11172 (p.ll2) 3,5,8,7 II
18 3.08 2.511 71 8.llQ855172

MouN (female) 18 u...r Sodium Hlenit!l 0.08 0.22. 71 0.7~ 0.8208lllI7 Schrolder &MIlI:llIner. 18n (p.ll2) 3,5,8,7 II
43 3.08 0.7«1 71 2.ll2OllllOO6

MouN (male) 5 Kidnay Sodium Hlenlte 0.08 0.115 n . 4.13043478 2.01441128 Schrolder& Mllchenef,1l1n (p.ll2) 3,5,8,7 II
18 3.08 2.34 n 10.173e13

MouN (male) 111 Kidnay SodIum Hlenltll 0.08 0.44 n 1.111304348 2.3333333 Schrolder &MIlchenef, 1l1n (p.ll2) 3,5,8,7 II
51 3.08 2.05 n 8.111304348
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TASLE 0-3. UPTAKE OF Sa.ENIUM BY MIMALS (conl)

IMclIM n-~ ~ I"IlllWII4iIt Fft4 I'M ne-e-.lllllloll ~ n- u,tt. PI"- UMaI ftoeM4e

N N fot1'Il FtIl ~ ~4ilam.ny Colle. 1'1. III06IeIII'8 Con<:. .. III l'IftnnctI
(~ (lit OW1dly) "'" CPMlww) (+I-) I'J 1Iln0w)

(II IbI leI t<ll 111 m IkJ

IMouN (femalI1 23 KklnIy SocIIurn HlIn1t8 0.08 1.111 77 5.173Q13OC 1,0571171 ScMleclIf &MilcllInIIr, 11172 (p.82) So5,O,7 II
1" 3.08 U2 77 lS.347&2eOll

MouN (!email) 111 I<Jdnay Sodium HlInI\lt 0.08 0.58 77 2.43478281 0.4lS37elSl Schl'Olcllr&MilcllInIIr, 1ll72(p.82) 3,lS,0.7 II
43 3.08 o.ee 77 3.a:zeoeaoe

~1I!e 0 IOdnay Sludge amandId diet 0 1.35 77.02 l5."74e7383 0.511ll541 BoywItII.,1lllS1 (p.28e) 3,5,0,7 h
1.7 1.55 77.02 0.7~

~1I!e " Uwr Sludge IIITMInded diet 0 0.42 elS.QG 1.35440101 1.1ll5Oe04 BoywItIl.,llllS1 (p.286) 3.5,0,7 h
1.7 1.05 elS.QG 3.3lSeOO451

~1I!e 0 MUlde Sludge lmencIId diet 0 0.23 70.82 0.78284547 0.1401514 BoyerItal.,llllS1 (p.286) S,lS,O,7 h
1.7 0.30 70.82 1.1121102711

FClOlnoIeS;
• NlImblf~ Inlmals &tudIed.
b Numblf~ _mpleI analyacl.
C Whera polIllIant quantlty and IMd quantlty Ina gr..n, IMd ccncenlratIon • (polilltlnt qllantlty)l(lHd quantity).
d lilt Is not~ IIU- COIIClnIrlIlion fa wator dl)'-'l1ht, tIlan Ills lraalad~ II baing NjlOI\Id IIwat-'l1ht and It1an -nfng III dl)' weight Referancad II fcolnola ..
I Not spacllIad wtletIlIf t1wua COIICIlilnItIon Is WIlt or dry WIijj'ht
f T1aua COl_1ftIIon althar NjlOI\Id II d,ry -'l1M or COI1YIIIad from wet III dry -'l1'M lIIl'ng: dl)' walght _ihllon • (wet -'l1MCOlICll'lRllon)l((100· palIlIM1t molIlul'l)l100)
g Feed COl_ilIllloil watMlg/ll No COlMI1IIon perfonned bacaUM no faad moIatuna cIaIa IYlllabla. Not-nfng nllUlIs In-UWoulpul
h Fead COl_,bllioli dlyWlfoht .
I Feed _,lrIlIon not tpaclIIad. No COlMI1IIon paIformad.
J Uptake..• (dryWllght tlaIua COl_,lratlOIl)l(faad o.xlCII1lratIon). Units ana (IIg·poUlltInlfg.fisaua~g-dltl). 0In0mInIIDr lIIlIta my be rNi, WW or unspacllIad <_fooInoM g,h. & ~.

k "UMcI1n"1ncIlcatII that ItIa IlucIy Is lIIId for calcu'lellng ItIa foMowlng food gooupllptake llope: 1 bait, 2 baaf INtI; SIamb; 4 porte; 5 pouIlry; 0 dairy; 7 eggs.
I Gu,lnea pip r.d HlInlllm In Swtaa chard gmwn In -ega Il'lldga.
mSoli pHU
n Sell pHS.lS
o Mice also fad 21911 aodlllm W:Urlla.
p Mice llao fad 21911 poIIIIlvm taIk.IilM and 5 pglg oh1OlTllum.

Nola; pI!IlInt moIatura cIaIa from USDA, 11103. Data for lI10UM tIwua appnllClmated from data on oItIar &pIClII.
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TABLE 0 ..... UPTAKE OF ZINC BY ANIMALS

Spec'" TlnueAn.mec Chttn"''' Pollutant 1'Me1 I'Md TInue Concentntlon peI9Ilt TInue UptaM

It__
UsN I'~

H H I'orm FiHI quantity quantity Cone. nmgtI moisture Cone. Slope In rehrencft

(mgldllyl (kgDW/dayl (pg/II (1'I1IW'Nl (41-) ('lit) (ptig DW)

I [II !hI reI Idl III m lid

eatI1e 6 KIdney 6 Sludge 38 19.1 17.62 85.3«05719 0.017963 Boyer et II., 1981 (pp.286-289) 1,6 h

6 235 19.9 17.62 66.91667739

eattle 6 KIdney 6 Sludge 26.3 93 0.014306 Jo!Inson etll., 1981 (p.ll2) 1,6 h

6 238 96

eattll 6 Liver 6 Sludge 38 35.8 88.99 115.4466301 0.006482 Boyer at II., 1981 (pp.286-289) 2,6 h

6 235 36.2 66.99 116.7365366

lcatUe 6 Liver 8 Sludge 26.3 143 0.001 Johnson at II., 1981 (p.112) 2,6 h

6 238 132 .
Cattte 8 Muscle 8 Sludge 38 66.8 70.62 227.3655548 0.027366 Boyer at II., 1961 (pp.286-289) 1,8 h

8 235 6U 70.62232.8114364

Cattte 6 Muscfe 3 Sludge 26.3 3«l 0.001 Johnson at II., 1981 (p.112) 1,8 h .

3 238 26!

Sheep 5 KIdney Sludlll1lrown com Illlge 19 3271 17.83265 HetfTonatll.,l980, 1980 (p.89) 3 1t,I

9 68 4135

Sheep 5 Bone Sfudge-grown com Illlge 19
.. 625 0.755102 Hetfron at II., 1980, 1980 (p.89) h,l

II 68 662

Sheep 5 liver Sl~rowncern Illlge III 1523 2.1~449 Herron It II., 1980, 1980 (p.89) 3 h,l

II 68 1627

SliMp 5 Muscle Sludgt-grown com Illage 111 106 0.877551 Herron It II., 1980, 1980 (p.89) 3 h,l

9 68 151

Pig 12 Kkiney Sludge-grown com lilage 183.4 24.03 80.06 120.5115348 0.113566 Osuna atll.,l981 4 1,1

773.7 37.4 80.06 187.5626661

Pig 12 liver Sludge-grown cern lilage 183." 37.8 71.06 130.8150857 0.079025 Osuna at II., 1981 .. ',1
773.7 51.3 71.08 177.2633034

Pig 12 Muscle Sludgt-grown com Il1age 183." 13.99 71.95 49.87522282 0.001 Osuna "II., 1981 . .. 1,1

773.7 12.49 71.95 44.52762ll23

Mallard duck 6 KIdney ZnCO(3) 0 27 74.13 106.8460625 0.116343 G~lndBuss, 11172 (p.l,ll5) 5,7 I

3000 413 74.13 1634.34903
8000 453 74.13 1792.63ll493
9000 311 74.13 1230.70635

12000 519 74.73 2053.818757

Mallard duck 6 liver ZnC0(3) 0 54 73.59 204.4880045 0.0711768 GassawaYlnd Buss, 1972 (p.1,115) 5,7 I

3000 401 73.511 1518.364;l56
8000 483 13.511 1826.852707 .
9000 461 73.511 1745.5501128

12000 340 73.511 1287.39114

Millard duck 6 Bl8IIt ll1IlICle ZnCO(3) 0 14 75.46 57.04971475 0.0046II Gassaway.nd Buss, 1972 (p.l,115) 5.7 I
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TABU: D-t. UPTAKE OF DHC BY ANIMLS (COllIl)

..... n.-~ ~ ~ ".... ..... n-e-~ JI"IltfIt "... U,.. ,,~ lItH .......
N N "em'" ~ fI'lIlIMIlY e-:. ... '""*" e-:. .. ill ~

(~ (ll; D'l'Il1W() .) lliftWWJ (if-) (Yo,) WlDWl
1., IbI 1e1 IdI III m IkI

3000 32 75.48 130.3Q934S
eooo 30 75.45 122.2.938e8
rooo 34 75.48 138.5493073

12000 31 75.48 126.3243684

~ulnMpIg 4 Kklnty S!udg.-gfOWll clIIrd 159.0 111 0.0036111 FUlTltll.1117llb(pp.87-&) h,o
4 850 22 m
2 1050 22 n

~ull1Mplg 4 U- Sludg.-grawn clIIrd 159.0 28 0.001 Furr Ital., 11176b (pp.87-8&) h,o

4 850 30 m
2 1050 27 n

~uln.. p1g 4 Mutc\I Sludg.-grawn clIIrd 159.0 15 0.001 Furrltal.,11176b (pp.87-8&) h,o
4 850 13 m
2 1050 18 n

FOClInoIes:
• Number of Inl",.IIIIOOI«1
b NumberofSlmplts llIIlyzld.
c Where pollutant quantity and fMd quanllly .... g,IVIn, fMc! ccueenlrlllon • (pollutant qu.ntIty)/(fMd quantity).
d II It Is natspeclfted IItls&ueCOlicIlIlr.lloulswalordryWllght, l!III1ltll trIItIcI COIlMIVItfwIyIS baing IW!lOIted IS walwelght.nd IhInCOlMltlng to drywelshtR~u foo!natt ••
I Not IfIICIllId whtthIr tls&ue COIICII.lratIon Is walor dry weight
f TiIIue COIIC11Ihtion either rwpon.d IS dryMighlor-*'from wal to dry weight IIIlng: dryMight concentrItIon • (witM!ghtCOlIClllblllon)l((100· peIcent moIslurI)/100)
g FMJd COIIC11 ilrllIon walMIght No 00IMI'Il0n perfonnId blclUII no fMd moIItu... data available. Not CClIl'm1lng lIIUltlln COl1IIlVIlIYI ouIplL
h FMd COIIC1nlm1on dry weIg'hl
I FMd COIIC11.b .lIon nat speclIiId. No 00IMI'Il0n PIffOrmId.
J Uplalllllope. (dry Wllghl lfMua COIlC11llJatIon)l(fMd COIIC11.lrIllon). UnlIs .'... (llll-polIuta~ OW)I(\lll-polillllnt/ll·dllt). 0IncmInat0r unlls my be rNJ, WW orllllSPdlld (_fooInoleIlI,h, & I).
k"Ulld I,n" IIlcIlc:ms that the Iludy Is UIId for calcullti,ng the following food group uplalll.lope: 1beef; 2btIf IlveI; 3 lamb; 4pork; 5 poultry; 6 dairy; 7eggs.
I DlIt consiAId of 415 ccm.nd 11510ybeIn meal No COllC*lIrItion for zlnc In soybean meal glwo, l!III1IrorInaumld same .. oom.

.m SolI pH6.5
n Soli pH5.5
o Tiswe samples ccmblnld for.nalysIs.

Nole: pIICftIt moIItul'll dati from USDA, 1983. Used chlelaln data for mallard duck tissue.
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TABLE DoS. UPTAKE OF ALDRINIDtELDRIN BY ANIMALS

SDKIHI TlnueAnlh Nd Chemical I"oIlutlnt FHd Fetd TInue Conetntratlon percent Tlnllll UplIIke~ Used FootrIc*
I

1,:1
N FonnFed quantity quantity Cone. I~nge moJttun Cone. Slope In merencn

(mg/day) (kg OW/day) (~g) (Jlll/ll WW) (+I.) (%) (JIII/~nDW)
111 11<1

!hI fdl

Pattie Milk fat Dieldrin 3.25 18 57 41.8604651 12.8801 Braund et al.,1969 4,6 e,h
81 cftedln Fries, 1982 (p.15)

c8tt1e Fat . Aldrin 50 31 20.21 38.8519665 0.77704 RUI1l1leY & Bond, 1947 1,4 e,l,l
81 ctted In Fries, 1982 (p.15)

Catt16 Fat Aldrin 10 49 1.93333 Claborn, 1956 (pp.18-23) 1,4 II
25 78

!cattle Fat Tech. Aldrin 60% 2.5 5.2 5.12 Claborn, 1956 (pp.18-23) 1,4 II
5 18

Cattle Fat DIeklrin 1 6 2.80902 Claborn, 1956 (pp.18-23) 1,4 II
2.5 14.3
10 44
25 . 75

Sheep Fat DIeklrin 25 126 2.6 DlIYldIon, 1970 3,4 e;h
50 191 81 ctted In Fries, 1982 (p.15),.

Sheep Fat Aldrin 5 17 1.53333 Claborn, 1956 (pp.18-23) 3,4 II
10 55
25 78

Sheep Fat Tech. Aldrin 60% 2.5 4.7 0.52 Claborn, 1951J(pp.18-23) 3,4 II
5 6

Sheep Fat DIeklrin 1 6 2.80902 CIabom, 1956 (pp.18-23) 3,4 g'

2.5 14.3
10 44
25 75

Rat (male) Liver DIeklrln 0.1 0.0159 71 0.05482759 0.52925 Walker et aI., 1969 2,5 I,m
1 0.0155 71 0.05344828 as cfted In EPA, 198011 (p.c-14)

10 1.476 71 5.0B965517

Rat (female) Liver DIeklrin . 0.1 0.0348 71 0.12 1.00069 Walker et aI., 1969 2,5 I,m
1 0.4295 71 1:48103448, as cfted In EPA, 1991la (p.c-14)

10 2.965 71 10.2241379

,Rat (male) Liver DIeklrin 0.1 0.0259 71 0.08931034 6.90988 Walker et aI., 1969 2,5 I,m
1 1.493 .71 5.14827586 81 cfted In EPA, '198Oll (p.c-14)

10 19.72 71 68 .'

,Rat (female) Uvet DIeklrlll 0.1 0.8974 71 3.0lM48276 18.6072 Walker etal., 1969 2,5 I,m
1 13.90 71 47.11310345 as cfted In EPA, 198Ol1 (p.c-14)

10 57.61 71 199.344828.
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TABLE 0-1. UPTAKE OF ALDIRIINI/IDIIELDSIN 8Y AMIMAtS (<COnf.)

Neelel na-MId'I !td ~ 1'oIIIiIIIC'lt 'tM ~ TtHwe Co!ptitlatloM JllKCtC'\It nnw. U>pta-~ UMaI FOQtAotI
H H Form~ ~ ~ Cone.

(1III~d1VM) I~ I'MblIn Cone. IIope In ~

Irill fbi
(~ ~Il DWlkI<ay) (~J (%) (-:'D'H) m Ikl

I
I,BlmaM Eog DlekIrin 0 031 7370 1.17870722 21.5681 Mendeooahtll,I963(p.238) 7 0.",0
I 0.58 3Jl 73.70 13.eae2129

1--- Ellll DleIdrIn 0.20 j ••70 0.7eo.t5627 51.7897 MendenhII et II, 1963 (p.238) 7 O,n,p. , 0.58 • 8.1 73.70 30.7004791

Bern aM (malo) 2 C111C11S1 DleI<kIn 0 0.33 73.83 1.26098586 61.0728 Mendenhall III 11., 1963 (p.237) 5 o.n
12 0.58 9.6 73.83 36.6832251

,Bern CM1 (femIIe) 2 CIIl'C811 DleIdrIn 0 0.15 73.83 0.57317539 59.6234 Mendenhall et II., 1963 (p.237) 5 o,p
7 0.58 9.2 73.83 35.1547574

Footnotes:
a Numberof animals studied.
b Numberof aamples analyzed.
c Whele polkJtant quantity and feed qUlllltily IIle glver1. feed conc:ermtIon '" (pcIlutant quantlty)l(leed quantity).
d If It II oot Ipeclfled If tIstue oonoentratIon II wet or dlY weight, then It Is tresled contelVIItlYely 1M being reported 1M wet wtIlIht Ind then converting to dry weight. Relelenced IMrootnote e.
e Not IpecIlIed I'rilether tls8lJe concentIItlon II wet or dry welg'ht.
f TIAue coocentratlon ellher reported 1M dry welgIlt or converted from wet to dry weight lIIIng: dry weight concentration '" (wet weight conoentratIon)l«100 • percent moIIttlre)lI00)
o Feed concenIratIon wet welgIll No COIMtISIon perfonned becauIe no feed moisture data avaI1llbIe. Not converting results In conteMtlYe output
h Feed concentration dry weight
I Feed COI1CllIltretIon not specilled. No COIMtISIon pe:formed.
j UpbIklt Iiope • (dry weight iIRue COIlCe1ltlltloll)l(fled COl tc:entmlon). Units are (llll-pol!utlntJg-t!IIue OW)/(Illl-pol1utl111t1g.dlet). Denominlm' units my be ON, WW or unapecllled (_ footnotes O.h, & I).
k"lJMd In" indicates that the Itudy II UIICl for calculating the foIlowlng food group uptake slope: 1 beef fat; 2 beelllver; 3111mb fat; 4 pork fat; 5 poultry fat; 6 dairy fat; 7 eggt.
I Resldue I1IOItly dleldnn
m eomoI tissue COI'ICeIltratkln Olwln but no control~ concentration. Cont!OI feed data thereroIe not presented.
n TIuue concentratlons are geometric means, reported by lIuthcn.
o 1975data.
p 1976 data.

Note: percent moisture data from lJSO', 1963. DIta \'or rat tiaue approximated from data on other apecles. Used chicken dati for bern aM tissue. and I1eaYy cream data for milk fat.
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TABLE Dot. UPTAKE OF CHLORDANE BY ANIMALS

SDlCJes Tissue Anal1l1ed Chttmlall l"oI'1Utant FHd FHd Tlnue COneentration percent TIssue Uptake Reference UHd FooCnote

N N FormFtd qUllntlty qUlntity COne. nnte moisture Cone. Slope In references

(mgJdly) (kg DW/dly) (l'IIIg) (l'IIIgWW) (+\-) (%) (mOW)

Ilal Ibl (el Idl m 111 Ikl

pattie 1 Body rat [q 1 0.24 20.21 0.30078957 0.025198 Dorough and Hemken, 1973 1,2,3,4,5 1,1 i

10 1.40 20.21 1.75480584

100 2.65 20.21 3.3212182

Cattle 1 Body fat [II 1 0.47 20.21 0.58904625 0.042096 Dorough and Hemken, 1973 1,2,3,4,5 1,1

10 1.18 20.21 1.47888207

100 3.97 20.21 4.97556085

CoN Fat chlordane 10 13 0.333333 C1abom, 1956 1,2,3,4,5 II

25 18
I

Cattle 1 Milk rat [q 1 0.19 57 0.44186047 0.032719 Dorough and Hemken, 1973 6,7 .,l,m

10 0.87 57 2.02325581

100 1.82 57 4.23255814
..

k;attte 1 Milk rat [1] 1 0.32 57 0.74418805. 0.052343 DolOugh and \"ien1ken, 1973 6,7 i, l,n

10 1.53 57 3.55813953

100 2.98 57 8.93023256

k;attre 1 Milk rat PI 1 0.33 57 0.78744188 0.065298 Dorough Ind Hemken, 1973 6,7 i, l,o

10 2.1 57 4.88372093

100 3.76 57 8.74418805

k;attIe 1 Milk rat [II 1 0.43 57 1 0.07944~ Ind Hemken, 1973 6,7 i, l,p

10 2.53 57 5.88372093

100 4.58 57 10.8511628

k;attIe 1 Milk rat PI 1 0.48 57 1.11627907 0.084189 Dorough Ind Hemken, 1973 6,7 i, l,q

10 2.64 . 57 6.13953488

'" 100 4.85 57 11.279D698

Sheep Fat chlordane 10 18 -0.26667 C1abom, 1956 II

25 12

Footnotet:
1 Number d II1lmelt studied.
b Number d samples analyzed.
c WheIe pollutant quantityand feed quantity are glYen, feed concentratfon • (pollutant quantlty)/(feed quantity).

1:



TABtE D-I. UPTAKE OF C.HiLORDANIE BY ANI(IMAlS (OOA't)

~ Ttft1N". 'M4 C~ I"oI1MIIt FH4 F.e4 T1HM~ ~ TtHlM ~~ UNaI ~
H H formftd ..MIty "unlilty Cofte. fI4!Iie moWrn Cocol<:. IIope III rtftrIfK:ts

(m;I*y) (klDW1day) tm) (M~ (+\-) (%) 09'IDW)
ral lbl leI (dl III m fkl

d If ilia I'd tpICItiocIlllMue llOIlOIH"htlon Ia WIt ordry welgt1t, then IllllrMted~.bIlng reported • WIt~ and \hen convertlng to drywe!ghl RefeI'Inced .Iootoott ..
e Not IpeclrIed v.t.athef liIaoe conoenlrllI!on Is wet or dry weigtt
r 1lMue COIIOelhtlon eIlher reported • dry wefghl or converted from wet 10 dl'( weIgOt using: dl'/ weight concenIrallon - (wet wtIghl concentrItlon)l((100 • percent moIature)l100)
g Feed COIIOelIlrIlllon wet weight. No c::orIYMIIon perfonned becauIe no feed moI$lure date lMllbie. Not converting rnultaln COOIeIVItiYe output.
h Feed conoentmIon dl'( weight
I Feed concenIrItton I'd specllIed. No 00IlYIIIl0n perfonned.
J Upleka tlopI- (dly weight tiIIIJe ooncenInIIJon)l(feed conten!rllllon). Unlllare (jJg-poIkJIriIg.t1Mue l:M')I(JJg-pollutlnllg·dlel). Denom!,nefor unit. rrr( be rJN, WoN or UIlIpeClIled (see footl'dn g,h. &ij.
k ''U;ed I'n" lnOIcatea !NIl the study Ia UMd for CIIIcuIItIng the following food group uptake Iklpe: 1 beef rat; 2 beef liver; 3 lamb fat; <4 pork tilt; 5 poultry fat; 6 dall'( rat; 7 egos.
I cattle fed HCS 3260 lechn1cllll'lde chlordane In gelltln ClIpIUleI

mTaIJe umplelanalyzed lifter 3 deyI

n TlslIue umples enalyzed lifter 7deyI

o TlslIue umplelenalyzed Iller 15 cIayI

P TlslIue umples analyzed lifter 30 days

q TOile umples analyzed after 60 cIayI

tj
I.....

-....l

Note: percent moltlure date from US,OA, 1963. Used heavy cream d8ta for milk rat. ..
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TABLE 0-7. UPTAKE OF DDT/DOD/DOE BY ANIMALS

SMdH TlsslHI AnalYzed ctlemal PoIlub1nt Feed FHd TIIIIHI eoncentmlon percent TI_ UpCIlke Reference Used Footnote
H I:, FonnFH quantity quantity eonc. 1 ~nge moisture eonc. Slope In references

! lal
(mglday) (kg DW/day) (~g) (JIIJIg WW) (+\-) (%) (JIIJI~DW) m lidIdl

I

CrNt Fat DDT 10 6.8 2.346667 Claborn, 1958 (p.21) "1,4 g

25 .42

cattle 3 Body rat DOE 0.62 1.37 20.21 1.71700714 3.340422 Frfesancl MalloW, 1976 1,4 e,I,1 I

3.1 7.98 20.21" 10.0012533

CrNt MllIcfat DOE 1.'40 6.76 57 15.7209302 11.22924 Friesetll., 1969 4,6 e,h
.. cited In Fries 1982 (p.15)

po" Milk fat oar 1.<40 1.21 57 2.81395349 2.009967 Fries et al., 1969 4,6 e,h
.. cited In Frtel1982 (p.15) .

cattle 3 MllIcfat DOE 0.62 2.13 57 4.95348837 7.783196 Frtelancl MallOW, 1976 4,6 e,l,1
3.1 10.43 57 24.255814

Sheep Fat DOE 0.068 0.38 22.54 0.464756 6.834647 Harrison et at, 1970 3,4 e,1
.. cited In Frtel1982 (p.15)

Sheep Fat oar 0.63 1.08 22.54 1.39426601 2.213124 HanIton et 11., 1970 3,4 e,1
..cited In FrleI1982 (p.15)

Sheep Fat oar 10 3.1 0.793333 Claborn, 1950 (p.21) 3,4 h I

25 15

Bam q¥I1 (male) 2 CaIcaIa 0 0.80 73.83 3.05693542 150.1463 Mendenhalletal., 1983 (p.237) 4,5 g,m,n

12 2.83 112.0 73.83 427.970959

Hen . liver oar 0.004 0.17 73.59 0.64369557 4.09426 Cummlngs et at, 1966 &1967 2,5 e,I,o
0.05 0.25 73.59 0.94881113 ..cited In 8lMlnue, 1978 (p.87)
0.15 0.45 73.59 1.7039llOO4
0.45 0.67 73.59 2.53691783

;Hen Uver oar 0.0 5.8 73.59 21.9613783 <40.58902 Smlthetal., 1970 2,5 e,l,p

1.0 6.6 73.59 24;lI905339 .. cited In BeYenue, 1978 (p.67)
2.5 9.7 73.59 38.7285119
5.0 24.4 73.59 92.3892485

.' 7.5 62.7 73.59 237.410072
10.0 117.0 73.59 443.01401.

Hen Eggyoll< oar 0.0 1.0 51.10 2.04498976 1.081822 Smith et II., 1970 7 e,l,p
1.0 1.6 51.10 3.27198364 ..cItedln~.1976(p.87)
2:5 . 2.6 51.10 5.31697342
5.0 4.6 51.10 9.40695297

I

7.5 5.7 51.10 11.6584417 " .
10.0 5.9 51.10 12.0654397

Bam owl 2 Eggs DOE 0 0.25 73.70 0.95057034 15.78686 Mendenhe!etal., 1983 (p.238) 7 g,m,q,t

12 2.83 12 73.70 45.6273764

'.".11
,J~
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TABLE D-7. UPTAKE OF DDTlDID'DlDOE BY ANIMAlS fQOl:l1t.)

IMcIeI 1lnlMAI!IafVZl ~ ~1lIliIlIIt r:.H .-at 1lnlM conc..mratlon fIIC'ca1'lt 'nIAM IJ1*.lOe~ Uted~
H H fomIfM ~ ~ Con<:.

<19; WW) I(4
IMIdIH't Cofte. IIope 1ft r.MCeI

11.1 Ihl
(JIlIIgIlSay) tklDW/day) ~) Idl

[%) (W~nDW) IA Ikl

.
BamlMf 2 Ep ooe 0 0.«> 73.70 1.52091255 54.54&83 MendInl1d It .... 1983 (p.238) 7 g,r.s,u

12 2.83 41 73.70 155.893536

FClCltno4I1:
a Numberd IIl1ImaIa stud4ed.
b Numberd ampIeI aoattzed.
o Whn poIutaot qUll1tllV Illd feed qunIy... gIYen. reed concentrIlIon • (polluted quantlly)l(reed quanlily).
d If It II not tpeCllied rtltlul~ II WlIt or dly~ then It II treeled comervalIYeti .. being reported ..wet WIIghlIlld !hen oorIYeItlng to dlywe!gl't Rererenced .. trocMole e.
e Not IpeCMlId M1ethIr lIaue COIlCII"bItIon II wet or dly weight.
r T1sIUe 0ClIl0IrUItl0n IIhIr fIP(llted ..dly WIllght or 00IlYeIted from welto dlY welght UIlng: dly wefghl conc:enIrlItion • (wit welgt\t concentIItIon)l«100 • pert:enI moIIture)l100)
g Feed concentration WlIt WIlgtt No 00lMIIi0n peIfonned bIauIe no feed moIslure deta lIVIIIable. Not converting l8IUIlIln COlIIeMlIYe output.
h Feed concentrItIon cky WIlght
I Feed concentrItIon not apecIIied. No 00l'I'0'eI'Ii0n pelformed.
J Uptake Ilope. (dlywelghtlillue OOllOlllilrlllon)l(feed OOlICetltration~ Unb n (JJg-poIt.UntJg-tiI1ue lm)/(JJg-poIlu!lInIfg-dlet). Denominator unlls my ba CJN. WN or unspeclfted (HI fldnoles g,h, & I).
k'\JMd In" Indlc:el1lIlhIIt the Iludy II UMd for ClIIcuIItlng the following food group uptake Ilope: 1 beef fat; 2 beef liver; 3 IlImb fat; 4 poI1< rat; 5 pounry fat; EI dilly fat; 7 eggt.
I COWl aIIo IiId aame dole rates rl heXIchIonlbeIlZeIle. Authorl do not believe IIIl Ioleractlon occuned.
m 11IIueconcentrationlare geometric ITleIflI d 9 aamplet, reported bV Iuthors.
n Feed c:oncenlIatlonI_ georneIrlc Il1IIllI d 2111Tlp1es, reported bV authol1.
o Feed IIIlgI 0.0Q4.0.035; UIed kMw vaIw to ba COllIeIV8tlYe.
P I.IndIne and dieldrin 1110 In fled. .
q Feed 00l1OelatrlIlionI_ geomelIlc Il1IIllI il13 aampIeI, reported bV lulhorI•

r TluUl concentrattona_ QICIl'IlIblC IIIIInI d 13 aamplet, reported Ilvauthors.
• Feed COI1OIllIrlIlionl_ gecJll"IItrlo Il1IIllI d 10 urnpIeI, reported bV Iuthorl.
t 1975dat1.
u 1978 dati.

Note: peroent moIaturI dati tom USDA, 11183. \.lied chicken deta for bam lM1and hen tIatUI, and helIvy cream dati for mil< I'll

.~
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TABLE O.a. UPTAKE OF HEPTACHLOR BY ANIMALS..... Tmu. AIIaIlmcI Cllemlctl I'oIhltatl Feed Feed n-ConantNlloft pen:ent n- ."... R8fertnce UstcI I'ootnott

I:" 1:,
F_Fed qu~ qantlty Cone.

("'dlWW) 1
IMlIt moIIW.. Cone. Slope 1ft NhmIcft

(mtIdaY IkgDW/dayl I~'JI 14\01 .%1 I""~DWJ m , Ik1

Dally Cf:NI 2 Body fat HtpIIclllorepcIldde 0.5 7.1 20.21 8.89835819 7.139324034 1lluc81t.... 1965lp.841 1.4.5 ',1
1.5 14.7 20.21 18.42336132
10 83.5 20.21 104.8497055
50 293.4 20.21 387.7152525

St-. 20 Bodyfat ~tor epcIldde 0.19 1.24 20.21 1.554079459 8.179365571 Bovardlt.I..1971.. (p.131) 1.4.5 ,,1,1

Cow Fat Heplachtor 2.5 1.4 0.88 CIabom It .... 1960 1,4.5 g
10 8

DIlly Cf:NI 2 Milk fat HtpIIclllor epcIldde 0.2 4.25 57 9.88372093 21.08101184 BlUceIt .... 1965(p.84) 2,4,5.8.7 ,,1
0.5 11.25 57 28.1827901
1.5 21.7 57 50.48511828
10 119.7 57 278.372093
50 ~ 57 1089.767442

OlIlry Cf:NI Mille rat HtplachtorepcIldde 0.5 0.38 57 0.88372093 7.255813953 Bache It .... 1960 2,4.5,8.7 ••1
1.0 1.94 57 4.511827907 as cit8d In Bruce It .... 1965 (p.84)

Sheep Fat HepIICtdor 2.5 2.1 0.853333333 Claborn It II.• 11180 . 3 g
10 .. 8.5

FooInoIes:
• Numberof .nlmlllltudled.
b Numberoflllllpl...IItIJyzed.
c~ polkdInt quantity.nd fetd qutl'Itlly IN glwn, fMd conc."trttlon • (pollutant quantity)l(fetd quantity).
d !fit Is natlf*llled iftislue conc.ull....'IsWiltordryMighl, then It ..htttd CCIlItIVIttwIy ..beIng repocttd ..WlltMightlnd then 0CII'0"tItfl1g to dry Might: Rtfefenctd as foolnola •.
• Not tptdItd wI1tItler liuue CC11Ct111n111on II wet or dly welgIrt.
, Tillue CC1lCt1l1n1l1on eIthtr fWPCI1Id. dcyWllglrtorCClMl1td from wilt to drywefgtlt lIIlng: dry MightCCllCtl1trttlon • (wetWllglrtCOIICt1ltrIllon)l«(100· pen:ent moIstan)l100)
g Feed CC1lCt1t1ra1lon wetwelght. NoCOlMl'llon ptl1cnned btctuse nofMd molstu.. dltll'4llabIe. NatCClllYtlting I'ISUltIlnc:clllltMllYeoulpul
h FeedCCllCtllltlllclldryMight .
I Feed COIlCt1t1ra1lon nat aper;lfttd. No CCIMlSIon ptl1cnned.
J~tlOpe. (dcyMightIilllleCCllCtnlrllion)l(fasd CC11Ct111r111on). Un" nlllg-pclIutlntIg-liuue DW)Iflag-pcllutantlg.dltt). DelIOlllll_ unIlI my be IJN. WW orunspecllltd (1M fooln*sg,h, & I).
k"UMd In" IncIlcIIIt tNt the 1tUdy" UMd for celculallng the foIkMing rccc:t glOUp uplike slope: 1bMftil; 2bMf liver; 311mb fit; 4 pork rat; 5pcullry rat; 8 dIIry fa!; 7 tggt.
1CowIIlio fed ume dele ratII of DOE. AultIorI do nat beIM en InllnctIonoccurred.

Note: ptfctnl mcIstln dill from USDA, 1983. lJMd '-YCNtm dill for milk fat.



1'-' '.

t1
N
~

,l, In~mllll~~\I'

TAeLE D-t. UPTAKe OF HEXACHlOROBENZfHe BY ANIIMALS

~ n-AIIlIMM CIlMlIGtI ~ ,.... I'MIII Thwe~ PMC'M n- u..- IWHeMe u-I "......H I: '-"*I ~ ~ CIftc.

",,~WN) Ic:: --.. e-. ..,. .. ~
leI

(.....,.) (\1tDWlNy) ~} (%) "1,DWJ m M

~ 3 Bocttflt HCB 0.82 1.Il1 21121 2.393783682 a48lm Fries Itld Murow. 11175(p.477) 1,2,4 .,1,1
3.1 Ileo 20.21 1t02eQ51

, ," ; ,,
.,,"1 "

k::ow 3 Milk fit HCB 0.82 2.12 fiT 4.93023255Il 5.40099 Fries Itld Murow. 1m (p.477) 2,4,5 "1,1
al 9.01 fiT 20.D534a837

Shetp Bocttflt HC8 0.1 0.0 22.54 1.151ll9OOO8 8.352515 AYIIhamlItld SMIe, 1m 3,4 ',1
1 7.5 22.54 8.582418731 1$ clMd In Booth & Me DowIII, 1975 (p.593)

10 75.0 22.54 lIS.S2415731
100 850.0 22.54 ll3ll.1427S34

!chicken Bocttflt HCB 0.02 0.7 28.01 o.llI48S7323 5.642785 F~WHO, 1860 5 ',1
0.06 0.7 28,81 0.1Ill4667323 1$ clMd In Booth .. Me DowIIJ, 18i5 (p.593)
0.7 5 25.81 7.lI33338022

7 29 2UI 40.79338053

ichleken, bcoller Fit HCB 13o.1~1t1ll., 5 m
s~lIl~,l!!e4(;!.~

ichlcken, "'" Fit HCB 38D1j~It"'. 5 n
1$cIId In Connor, Il1M (p.48)

Chleken Bocttflt HCB 340 528 25.81 742.7204lI51 2.184472 F~WHO. I_ S ..I
• clIticIln Booth l Me DowIIl, 1075 (p.593)

IChIeken Eggrolkl HCB 0.02 0.2 51.10 0.408Il87955 4.312415 F~WHO. 1860 7 ',1
O.llS 0.3 51.1'0 0.513498933 1$ clMd In Booth l Me DowtI~ 1975 (p.593)
0.7 2.0 SUO 4.0Elll87lI55

7 15 51.1'0 30.S74US83

icIlIeken Eggrolkl HCB 340 167 51.10 34t.l5132924 1.004451 F~W1iO. 1860 7 ',1
1$ c:hd In Booth & Me DowtII, 1975 (p.593)

ichteJcen Egg HCB 5.5 o.IllIlCIcI1eIfeIt.... I (n.a8l 7 0
IS c:hd In Conn« 1964 .

FoolnolIS:
• Numberd8llknllsstudltd.
b Numberdumpl,ulII!lyzed.
c W'*- polkDntquanllly end feed ~ntity IN glwn. feed concen1rItkln • (pollulantquantily)/(feed quantity).
d IfIt Is notspecllled IftiAueCOl_hIIon Is watordryWIIgIIt, IIlen It Isnmd consaMtiYlly1$ being rwportad 1$ watwelght and then CCIIlY8lting to dlYwelght Referlaced as foolnole ..
• Not IjlICIlied wIIeUler!lAue COl_1lrwllon Is wat or dIYWllght .
f Tilaue cac_i11Il1ui, ....1WpOltId 1$dJYMlghtor COllWf1ed from Mltodry~htUIlno: dry walghtCOl-matlon" (wet weight coc_llralion)l«I00· ptfcerlt l1'1OistuIW)ll00)
9 Feed caclCelllrllluil MlWIIght. No CClIIYII'Sion perfonned because no feed moisIurw datIi available. Not COIMrtlng rasulls In~ 0IIIput.

t
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TABLE 1).1. UPTAKE OF HEXACHLOROBENZENE BY ANIMALS (cont.)

heCtIlI TII_AnIll zed Clletnlcll Pollutant PHd PHd T.._ ColIcentrMIon percent TII_ Uptake RIfeIHce Used 1'0CItnc*
N N I'onlII'ed qUllltlty . qUMttty ColIc.

IpgI~d1WW) I'= moIatl1.. ColIc. Slope In ~

1.1 Ib1
ImtIdaY) (kg DWIday) ~) (%) IJItIlI OW)

IkIIn m"

h Feed concentration dry weight
I Feed concentnltion not speclfied. No ClClIMlIlon perfonned,
I UpllkllIope· (dryWlight liAuICOIICItIlrllioll~(fMd ccnc:enlnIllon). Units "'lpg-poIlulantlg-tlssue OW)/lIIll-poilulllntlg-dIet). 0en0mInal0r units my be r::JN, WW or unspecified (_ footnotes g,h, & I).
k"Ulld In" Indlcatls !hit tl1I study II UIId tor~ tl1I following food group uptake sIopI: 1beef /at; 2beef liver; 3 '-mb rat; 4 porte /at; 5 poultry /at; 6 dllry rat; 7eggs.
I Cows.1Io fld ..me dose IlIl1s or DOE ,t.ulhors do not belielll.n Interaction CCCUlTed.
m DryMight uptaklllope range or 11-13 rtpOlted. UtIlI higher to be COI1SIIVIlMJ.
n Dry \WIght uplak../opIl1Inge or21·36 repOItId. lJHd higher to be COllSIlVBllve.
o DryWlight uplIkllIope range or4.5-8.5 rtpOlted. lJHd higher to be COI1IIl'VItivI,

Note: peICIl'It moIstul1l de1ll from USOo\ 1963. lJHd '-YCIWm dati for mill< fat.

J
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TAStE 0.110. UPTAKE OF UNIDANIE BY A,NIIIMAlS

SIilIIcIH TIssue MelYZI CMmIc:II I'oIIlItMt fM4 fM4 on- ConcenlnI:Ion I*CMt TI:tIwt UI*U IWWIfICe UtI4I FooenotI. H H FomIFM ~ IIIW'1'I'lit\' CcfIc.

~d1Yffl) I~ ~ CcfIc. IItpe .. I'IfIrMcts

1.1
frn;klty) ~.DWJ1dIy) (1M) (%) ~DW)Ilbl ref m Ikl

CoN Fit LkldInI 1 20 1.117267 Claborn, 11l5a (p.26) 1,2,3,4,5,8,7 g
10 8.3

100 111.0

Footnota:
• Number d IlllmaIa studied.
b Number d IIm/lleI analyzed.
c Whn~QuInIIty IIld feed qumJy.,. """,", Feed ccocenbItlcn • (pollutant quantlty)l(feed qUlll1llly).
d If It II not IpICllIId If !lAue CCIlCIllIrItIcn II wet or dry welglll, then It II trealed conIelVIltmly .. belng repcc1ed ..WIll weight IIld then CCll\'eltIng 10 dry weight RefeI'enced .. fooIncte ..
• Net tpICIIed whether IlIIut COlICllIlllltion II WII or dry welgtt
, TiMUa CCIlCIllIrItIcn allIIIf fIiPOlted .. dry weight or CClMlIted tom WIlla dry welghI UIlng: dry weight 00lIClll'blIl1cn • (wet weIghI c:oncentratIon)l«1oo • percent moiIIunl)l1llO)
g Feed COlIOll'htlcn WIt~ No COIMl'IIon pedonned becauIe no feed mol,hn detllMllabIe. Not CClMlItIng lesulllin CXlIlIeMIliYe QtjpIL
h Feed CClIlCetiflllcn dry weight
I Feed concenInIIIcn not tpeClIIed. No COlIYIISIon pedormed.
J UpIIke 1Iopa. (dry weight iii.-ClOIlOeOOIIlon)l(feed concenIrllIIon). Unllllle (IJGilOIkJIantlg-*-OW)I~ DenomInIlor unb my be rm, WIN or unspecIfted (~fooInoI..g,h, & I).
k "UIed 1n"1ndIc:Im IhIt the Itudy II UIed for celcullllng lhe following food group uptake &lope: 1 beef rat; 2 beef rMlr, 3 lamb fit; 4 pork flit; 5 poultry flit; 6 dilly rat; 7 eggs.

Note: percent moltture data tom USD.\ 1963
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TABLE 0-11. UPTAKE OF POLYCHLORINATED BIPHENYLS BY ANIMALS

I SDeeIH TIssUe Anllvzed Chemical Pollutant FHCI FHCI TIssUe Concentntlon percent T1uue Uptake Reference Used Footnote
I

L:l L:l
Form FOld quen1lty qlNln1lty Cone. IRnge

IlICIIstIn Conc. Slope \ In references
(mglclay) (kg OW/day) (~g) (lIII1~d~ (+\-) (%) (lIII~nDW)

n1 Ikl
CON Body fat Arochlor 1254 12.4 41.7 20.21 52.2621882 4.21469 Fries etal., 1973 (p.119) 1,2,3,4,5 a,h,l

CON Milk fat AIochIor 1254 12.4 60.9 57 141.627907 11.4216 Fries et aI., 1973 (p.119) 2,3,4,5,6,7 a,h,l

lcattle MNkfat AIochIor 125-i 0.22 1.0 57 2.3255814 9.71669 Willel. 1975 2,3,4,5,6,7 e,h •
0.43 1.8 57 4.16604651 n cited In Friel, 1962 (p.15)
0.67 3.7 57 8.60465116

Footnotes:
a Numberd animals ltudled.
b Number d II/l1pIeIlnattzecl.
c Whele poIutanI quantity II1d fled quantity ere given, feed concentns1lon • (pollutant quantity)/(feed quantity).
d If It II not apecHIed IftillulCOllClll1tnltlon II WIt or dry weight, then It II tJeated COI'lIIIIVIIMlI n being reported n Wltwelght and then converting to dlywelght. Referenced n facMote a.
• Not IpeclIIed whether tIIIue conceIlIratlon II wet or dly weigtt

r Tluue concentIatlon elIher reported • dry weight or converted from wet to dry weight using: dlyweight concentration • (wet weight COIlCIntJatlon)/((100 • peIllIrt moIsture)l100)

9 F~ COIlCIIlllllllon wet welgIt. No COlMll'Iion perfonned becauIe no feed molItuIe dataavalllble. Not converting I1lIUIlIIn CClOMlVItiWl output.
Ii Feed COIICII ttratIon dly weight
I Feed COIICllItnItIon not tpICIIed. No COlMll'Iion performed.

J Uptake Ilope • (illy weight tInue CllI1CIf1lrIIIon)/(feed concentratlon). Unitt are (lllI·poI1utantl~ [MI)I(IllI-poIIutanIIg.dI8t). DenomInator unitt my be r:Ni, WW or Ul1IflICIlIed (III footnotes $,h, &I).
k ''UIed In" Indicates that the ltudV II UMd for calculating the foIlow!nu bld group uptake 1Iope: 1 beef fat; 2 beef INer; 311mbfit; 4 pork rat; 5 poultly fat; 6 dally rat; 7 eggs.
I· TJaue concentIatlon II aIIhmetIc IllIII1 reported by luthcn.

Nota: pllIC8It moIItUre data from USDA, 1H3. UIed heavy cream data for milk fat.

J
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APPENDIX E

Results of the Plant Phytotoxicity Literature Search



...
'.



TABLE E-l

TABLE E-2

TABLE E-3

TABLE E-4

TABLE OF CONTENTS

CHROMIUM PHYTOTOXICl'IY DATA ••......•........... E-1

COPPER PHYTOTOXICITY DATA •......•..•........... E-10

NICKEL PHYTOTOXICITY DATA •..•..•.......•....... E-62

ZINC PHYTOTOXICITY DATA • • • • . • •.• • • . . . • . . . . . . . . . . . E-86

. PHYTOTOXICITY REFERENCES .•••••..•..•.. 0 •••••••• E-174

I





TABLE E-l. CHROMIUM PHYTOTOXICITY DATA

lant Name IScientific IVariety lParts I Cultivation IPH ISoil Type
Name

Barley Hordeum vulgare leaves
Cherry Prunus cerasus fruit field
Corn Zea mays leaves,stalks,grain,husks,cobs
Mushroom Cantharellus cibarius
Oak, English Quercus robur leaves field
Oak Quercus spp. leaves field
Oats Avena sativa leaves solution

leaves,stems serpentine soil
Oranges Citrus sinensis leaves greenhouse

field
pots

Pear Pyrus communis fruit,pericarp,peel field
Potato Solanum tuberosum tubers
Tobacco Nicotiana tabacum leaves, roots serpentine soil
Wheat Triticum spp. leaves
Corn Zea mays greenhouse 6.8 Warsaw sandy loam

limed

Rya Seceale cereal greenhouse 6.8 Warsaw sandy loam
limed

Corn lea mays greenhouse 6.5 Warsaw sandy loam

Rye Seceale cereal greenhouse 6.5 Warsaw sandy loam

,~. l'IM~\I~~I'"

Corn lea mays grain field 6.3 Sable silty clay loam
6.8 Cisne silt loam

6.0-6.3 Ipava silt loam
6.2-6.3 Drummer silty clay loam

6 Muscatine silt loam
6.2 Hartsburg silty clay loam

- tops greenhouse 5.5 Hartsell fine sandy loam

E-l





TABLE E-l. CHROMIUM PHYTOTOXICITY DATA (con't)

Plant Name Treatment Concentration in soil Loading rate
normc

Barley 7.60 ppm

Cherry .032ppm

Corn .44-2.07 4.0-8.0

Mushroom .058-.135

Oak, English 3

Oak 4

Oats 0.4-3.0 252
3.0-11.0

Oranges .20-1.00
<10

.20-<1.00

Pear .03-.85

Potato 0.002

Tobacco 4-14 18,·34

Wheat 4.5-14.8

Corn fertilized <.4

plain sludge 58ppm .7-1.6

Cr sludge 404-1444 2.3-7.2

Rye fertilized 0.8

plain sludge 58 1.3

Cr sludge 404-1444 3.2-5.1

Corn fertilized <3

sludge 58 <3

Cr sludge 358·697 3·8.0

inorganic 350-700 46

Rye fertilized <3

sludge 58 <3

Cr sludge 358·697 4.8·9.5

inorganic 350·700 25.1·58.1

Corn .094 ug/g
O.llug/g

.059-.193ug/g

.059·.118ug/g
0.068 ug/g
.094 ug/g

sludge A 68-1360 1.2-5.4

sludge B 3-50 .6·3.5

compost 3-50 .7-2.8

NaCrO 1·320 1.4-1.6 2.5-29.0

I
I,
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"TABtE e-1. CHROMIUM PHYTOTOXICITY DATA (con't)

IIPfllnt Nsmo

toms

BlIrlev 35
Cherry 35
Com vjsuall stunted,lellvl" • roll & "'uple 35
Mushr,oon , 35

t" • . , Oak, EnglllisW" "

35
Oa,k 35
Oats visual stunted,brownish-red leaves 35

35
Oranges 35

35
35

Pear 35
Potato 35
Tobacco visua'i stem retarded,no inflorescence 35
Wheat 35
Corn 44

44
yield reduction was attributed to others 44

Rye 44
44

yield reduction was attributed to others 44
Corn 45

45
45

yield reduction,lowest yield in crop '1 45
Rye 45

45
45

yield reduction 45
Corn 187

187
187
187
187
187
169
169
169

yield reduction from 55 to 1 g/pot 169

E-3 _,fl
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TABLE E-l. CHROMIUM PHYTOTOXICITY DATA (con't)

Plant Name Scientific
Name

Variaty Parts Cultivation Soil Type

Jubilee leaves, kernels field 5.8-7.1 Willamette silt loam

Swiss chard Beta wlgaris Fordhook Giant greenhouse 5.6-5.9 Chalmers silty clay loam and
Russel silt loam

Rye grass Lolium perenne greenhouse 5.6-5.9 Chalmers silty clay loam and
Russel silt loam

S9ybeen Glycine max Corsoy' seedling tissue pot 5.9 Nicollet loam soil

Sorghum sorghum bicolor Moench leaves,root,grain,stem field 5.8-7.2 Haynie fine sand loam
6.9-7.7 Haynie fine sand loam

Winter wheat Triticum aestiwm roots!grain field 5.8-7.2 Haynie fine sand loam
6.9-7.7 Haynie fine.sand loam

Oat Harmon root,seed,stem field

Lucerne Medicago sativa Wairau whole pot 5 Waitarere sand
5.1-5.6 Waitarere sand

6.6 Waitarere sand
5.2 Levin silt loam

5.4-6.0 ,Levin silt loam
6.8, Levin silt loam

Tomato Lycopersicon esculentum Moneymaker leaves,fruit,root pot 4.6-6.9
Soybeen Glycine max stam,leaves,seads,poda pot 'Ritzl/illa silt,loam

Grass timothy,bmwn top field 6:05 clay ~ sandy loam
sweet verna!,blue 6.2 clay Be sandy loam

Alfalfa Be red clover field 6.05 clay Be sandy loam
6.2 clay Be sandy loam

Var,ious shoots field serpentine soil
Wheat Triticum aestiwm HDM 1553 stem field . 8 clay

l.. IU_!~\II~II'

tops

E-4 .~
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TABLE E·l. CHiROMIUM PHYTOTOXICITY DATA (con't)

iPlantNlme Trlll·lltmllot Concentration in lUl~1 Loading rate
I

crSO$ 5·320 1.3-1.4 2.4-2.8
control 0 1.3-2.1
co,ntro,1 .87-1.0 mmollkg .18-.19mmollkg
tannery waste 1.23-13.7mmollkg .12-.22mmollkg

Swiss chard control 12 mglkg 8.9
drUUng fluid 96-402 mglkg 8.0-12.2

Rye grass control 12 mglkg 7.5
driUing fluid 96-402 mglkg 8.3-10.9

Soybean Ne2Cr20 0-40 mglkg .7-1.1
sludge 0-432 mglkg .7-.9

Sorghum fertilized 29.34 0.398
sludge 47.7 0.2

Winter wheat" fertilized 29.34 15.47
sludge 47.7 17.26

Oat control .8.1-9.6 43
25% sludge 20.3 72
50% sludge 27.5 56

Lucerne 0 15 .75-9.1
5-40% sludge 19.25-49 .1-6.5
100% sludge 100 .1-2.6

0 30 .1-.9
5-40% sludge 33.5-58 .1-4.7
100% sludge 100 .1-1.0

Tomato sludge 470 0-459 kg/ha 15
Soybean contro,1 59 0.095

Cr solution 2.5 ug/g 0.15
Grass control .18-.78 .13-1.63

sludge .30-.94 1.39-5.84 kg/ha .11-2.07
Alfa,lfa & red clover control .18-.78 .47-3.96

sludge .30-.94 1.39-5.84 kg/he .38~7.93

Various natural 92-737 0-70
Wheat contfol 17 0 7.94

50% sludge 41.8 9.52
66% sludge 46.6 10.6
100% sludge 55 12.16
10 ton/ha sludge 27 .45 kg/ha 11.08
20 ton/ha sludge 31 .90 kg/ha 20.76
control 27.8 5
fly ash 2% 25.6 4.1

r
M
J

E-5
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Plant Name

TABLE E-l. CHROMIUM PHYTOTOXICITY DATA (con't)

.~. Ij\~\IlU~.Io..

Swiss chard

Rye grass

Soybean

Sorghum

Winter wheet

Oat

Lucerne

Tomato
Soybean

Grass

Alfalfa & red clover

Various
Wheat

E-6

yield reduction from 56 to 25 g/pot 169
169
226
226
176
176
176
176

57
57

127
127
127
127

73
73
73

261
261
261
261
261
261
262

27
27

147
147
147
147

5
29
29
29
29
29
29'

186
186





TABLE E-1. CHROMIUM PHYTOTOXICITY DATA (con't)

.,1.. IIIM~!l!II~~\I'

Plant Nama Treatment

fly ash 5%
control
fly ash 2~
fly ash 5%
control
fly aS,h 2%
fly ash 5%

Concentration in soil ILoading rate

20.3
25.7
21.8
'18.2
13.9
14.4
21.1

E·8

4.3
3.2
3.1
2.8
4.9
3.2
4.1
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TABLE E·2. COPPER PHYTOTOXICITY DATA

Plant Nama IScientific IVariety IParts

Name

Alfalfa Medicago sativa steams,leaves,tops field

tops control

Apple Malus spp~ leaves field

Avocado Persea americana leaves field

Barley Hordeum vulgare grain field

Cacao Theobroma cacao leaves field

Cauliflower Brassica oleracea botrytis leaves field

Cherry Prunus cerasus leaves field

Lemon Citrus limon leaves field

O'range Citrus sinensis leaves, Valencia and Na'vel h!laves field
culture
control

Clover,red Trifolium pratense tops field

Clover,subterranean Trifolium suoterraneum leaves,tops field

Coffee Coffea spp. beans

Currant,black Ribes nigrum . leaves field

Grapes Vitis spp. leaves field

Oats Avena sativa leaves,straw,tops,grain, field·
solution

Peach Prunus persica leaves fiald

Pear Pyrus communis leaves,wood,bark field

Pecan Carya iIIinoensis leaves field

Pineapple Ananas comosus leaves , field

Plum Prunus domestica apicallesves field

Potato Solanum tuberosum tuber. field,

Rye Secale cereale grain field

.Timothy Phleum pratense tops field.

Tomato Lycopersicon esculentum leaves greenhouse

fruit control

fruit field

Tung Aleurites fordi leaves field

Wheat Triticum spp. straw,grain,wheat germ field

Corn Zea mays earleaf controled 5.8-6.2
5.7-6.0
5.7-6.0

earleaf,grain,stover field 6.6

Berley Hordeum vulgare Henry silage field 6.6

Reed canarygrass Phalaris arundinaces field 5.9-6.6 '

Corn Zea mays field 5.9-6.6

E·10



TAstE E·2. COPPER PHYTOTOXICITY DATA (con't)

IPlant Nllmll 50111 TypIII Trilltment Concontrlltion in I,ml tolldl,ng rite

Alfalfe

Apple
Avocttdo
Ba,rley
Cllca,o
CllulWower
Cheny
Lemon
Orange

Clover,rad
Clover,subterranaen
Coffee
Currant,black
Grapes
Oats

Peach
Pear
Pacan
Pineapple
Plum
Potato
Rye
Timothy
Tomato

Tung
Wheat
Corn Bojac loamy sand

Davidson clay loam
Groseclose silt loam
Acredele sUt loam 304kglha

Barley Acredale silt loam 304 kg/ha
Reed canarygrass Hublersburg clay loam 36.6 kglha
Corn Hublersburg ckay loam 7.6 kg/ha

I.

,i., ,'IM~~IlIl'\h.
E-ll ~



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name lant tissue concentration
normal I toxic toms

visual multiple budding,gum pockets
>20.00 visual dark greeen leaves,bumpy fruit

visual dark greaen leaves,bumpy fruit
visual dark greeetlieaves,bumpy fruit

visuel become light, no centet markings

visual leaves turn pale Be mottled
visual
Visual leaves rollBe yellow-gray spots
visual leaves rollBe yellow-gray spots

visual stunted,tarmlnalleaves die,unfruit

visual terminal buds die,leaves go yellow'

visual

,I., 11I_\~\1'1~\\"

Alfalfa

Apple
Avocado
Batley
Cacao
Cauliflower
Cherry
Lemon
Orange

Clover,red
Clover,subterranean
Coffee
Currant,black
Grapes
Oats

Peach
Pear
Pecan
Pineapple

.Plum
Potato
Rye
Timothy
Tomato

Tung
Wheat
Corn

Barley
Reed canarygrass
Corn

1.0-4.0

3.9
<4.00
<4.00

.70-1.60

<3.00

2-4
,.0-5.4
<3.0
1-2.5

1.2-6.7

3.0-4.0

<.5

2.6-3.1
1.5 (grain)

5.10-11.5
6-16.4

3.2-23.0
4-11

6.2-11.9
11-15

4.8-5.4
5-200

8.4-8.6
5-20
4-20

3.20-15
7.6-16.4

3-32
8.0-20.0

7.5-10.00
2.6-30.0

7-8
1.1·8.8
7-16

5-100
21-28

8.6-11.5
7.0-9.0
2.5-5.5
<2.0
6.4

3.1-12.3
13.0-37.0
15.0-25.0

4.8-5.7
3-16.7 (gr1

6.1-9.6mglkg
6.1-9.1 mglkg
8.8-10.5mglk
4.9-8.2mglkg
1.0-2.8mglkg
8.9-32.3ug/g
4.2-6.2ug/g

E·12

visual

visual
visual

necrotic spots,shoots die

foliage Is chlorotic Be dwarfed
Leaves roll,yellow,die,dry to gray



TABLE E-2. COIPPER PHYTOTOXICITY DATA (oon't)

en,tNlLme

,I. IIIM~\I~~"

Alfalfa

Apple
Avocado
Barley
Caca~

CaulUlower
Cherry
Lemon
Orange

Clover,red
Clover,subtarranean
Coffee
Currant,black
Grapes
Oats

Peach
Pear
Pecan
Pineapple
Plum
Potato
Rye
Timothy
Tomato

Tung
Wheat
Corn

Barley
Raed canarygrass
Corn

visua,( chlorosis of the foliage,yellow

•

none reported
none reported

E-13

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
197
197
197
196
196
213
213



TABLE E-2. COPPER PHYTOTOXICITY DATA (con'tl

lant Name Scientific
Name

Variety Parts

greenhouse 6.8

Rye

Corn

Rye

Seceale cereal

Zea mays

Seceale cereal

greenhouse

greenhouse

greenhouse

6.8

6.5

6.5

~ ,d_""lllW.

Bermuda grass Cynodon dactylon field 5.7-6.6
5.4-6.2
4.2-5.3

Corn Zea mays grain fiald 6.3
6.8

6.0-6.3
6.2-6.3

6
6.2

Tall Fescue Fastuca arundinacea tops pots 7.1-7.5
6.1-7.5
5.5-6.0

Alfalfa Medicago sativa tops pots 7.1-7.7
6.1-7.5
5.5-6.0

Lettuce . Lactuca sativa longifolia shoots greenhouse 7.5

. 5.7

Wheat Triticum aestiwm Inia leavas,grain. greenhouse 7.5

5.7

E-14



TABILE E-2. COPPER PHYTOTOXICITY DATA (ooo't.)

'Phll,nt NlIme I Soil Type Treetment ConceotrllHoo In lto,ll load,ing rlllte

limed Wa,rsaw sandy IDem fertiUzed
sludge 46 ppm
CII sludge 120-343 ppm

"
"Rye I, ' Ilrned Wersaw 'lendy IOL .i fertj,bed

,,- . , ~ 1-· I sludge 46 ppm
Cu sludge 120-343 ppm

Corn Warsaw sandy loam fertUized
sludg,e 46
Cu sludge 88-160
inorganic 75-150

Rye Warsaw sandy loam fertilized
sludge 46
Cu sludge 88·160
inorganic 75-160

Bermuda grass Cecil sandy clay loam control 1
Ceci,l sandy clay loam fertilized 1
Cecil sandy clay loam sludge 1-4

Corn Sable silty clay loam
Cisne silt IDem
Ipava silt loam
Drummer silty clay loam
Muscatine silt loam
Hartsburg silty clay loam

Tall Fescue fine' silty 3.9
fine silty sludge 19.2
stripped mind sludge 25.2

Alfalfa fine silty 3.9
fine si,lty sludge 19.2
stripped mind sludge 25.2

lettuce Domino silt loam 0-10
20-80

160·640
Redding fine sandy loam 0-1,0

20-80
160·640

Wheat Domino silt loam 0-10
20-80

160·640
Redding fine sandy loam 0-10

,I.. Illk!~\hII_LI"
E-15
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TABiLE E-2. COPPER PHYTOTOXICITY DATA (can't)

liliPhmt Namo C
,\

j~1 I ¥P I ymp I

44
44

yield reduction 44
Rye 44

44
yield reduction 44

Corn 45
45

yield reduction 45
yield reduction 45

Rye 45
45
45

yield. reduction 45
Bermuda grass. 240

240
240

Corn 187
187
187
187
187
187

Tall Fescue 230
230
230

Alfalfa 230
230
230

Lettuce 167·
167

yield significant yield reduction 167
167
167

yield significent yield reduction 167
Wheat 167

167
yield significant yield reduction 167

167

l.. ltiM~IIII~II'.
E·17



TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Nama Scientific
Name

Variety Parts

,\" IUM~~!Il'~I',

Snap bean Phaseoluswlgaris Tendergreen beans,leaves field 5.3

leaves, edible tissue field 5.3

Carrots Daucus carota sativa Scarlet Nantes tubers field 5.3

Lettuce Lactuca sativa Grand Rapids leaves field 5.3

Peas Pisum sativum Wando fruit,vines,pods field 5.3

Potatoes Solanum tuberosum Norland tubers field 5.3

Radishes Raphanus sativus Sparkler tubers field 5.3

Sweet corn Zea mays NK-199 grain,leaves field 5.3

Tomatoes Lycopersicon esculentum Fantastic fruit field 5.3

Wheat Triticum aestivum Centurk grain field

Pearl Millet Pennisetum americanum leaves field 5.3-6.9

Red Oak auercus ruba leaves field 5.3-6.9

Black Walnut Juglans nigra leaves field 5.3-6.9

Wheat Triticum aestiwm pots 5.2
>6.5

shoots,roots greenhouse

Uttle bluestem Andropogon scoparius shoots, roots,whole greenhouse 4.8
7.82

Black-eyed Susan Rudbeckia hirta shoots, roots, whole greenhouse 4.8

Corn Zea mays Dekalb XL:43 seedlings,grain,stover field 5.6
6

6.3

Oats Avena sativa Norline grain field 5.6
'6
6.3

Wheat Triticum aestivum Arthur grein field 5.6
6

E·18
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TABLE E·2.. COPPER PHYTOTOXIICITY DATA (co,n't)

Iflsnt Nemo I Solll Type I Trutment I Concentration In loil loading rate

2.Q.80
16Q.640

Snll'p belln Hubbard coarle sand
Hubba,rd coarse sand control 0

single 26.3-105kg/ha
anual 66.0-2.63kg/ha

Carrots Hubbard coa'rse sand
Lettuce Hubbard coarse sand
Peas Hubbard coarse sand
Potatoes Hubbard coarse sand
Radishes Hubbard coarse sand
Swaet corn Hubbard coarse sand
Tomatoes Hubbard coarse sand
Wheat Truckton loamy sand
Pearl Millet Downer sand fertilized

unfertilized
sludge 517ug/g sludga

Red Oak Downer sand fertilized
unfertilized
sludge 517ug/g sludge

Black Walnut Downer sand fertiliZj!d
unfertiUzed
sludge 517ug/g sludge

Wheat Redding fine sandy loam 100-2.00 ug/g .
Redding fine sandy loam 10Q.200 ug/g
clay loam control

Q.2 cm depth
18-20cm depth

UttJe bluestem rural Plainfield sand 37.73-47.11
urban Oakville sand 47.25 100 ug/g

Black-eyed Susan rural Pleinfield sand 84.88 200 ug/g
Corn sandy no sludge .6-1.0

sandy 56 metric tons 29-35
sandy 112metric tons 58-66

Oats sandy no sludge .6-1.0
sandy 56 metric tons 29-35
sandy 112metric tons 58-66

Wheat sandy no sludge .6-1.0
sandy 56 metric tons 29·35

E-19



Plant Name

Snap bean

Carrots
Lettuce
Peas
Potatoes
Radishes
Sweet corn
Tomatoes
Whel!t
Pearl Millet

Red Oak

Black Walnut

Wheat

TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

lant tissue concentration
normal I toxic

10.6-10.9uglg
11.8-42.0uglg

11 uglg
8.2-10.0 uglg
11.8-12.2 uglg
10.8-12.0 uglg

<.3-1.5
1.6-11.9
5.9-22.8
8.6-19.0

<.3
8.5-15.8

<.3
3.50-5.96 uglg

5.8-7.8 uglg
5.2-6.6 uglg
5.4-10.3 uglg

5.8 ug/g
6.2 uglg

6.0-6.6 ug/g
5.6 ug/g
5.1 ug/g

6.4-7.8 ug/g
••
••

,I., Illm\\I",~\I'

Little bluestem

Black-eyed Susan
Corn

Oats

Wheat

6.5
8.4
7.2

50.59

3.6-7.2 •
10.5-14.2
11.6-16.8

1.5
2.6
2.5
2.1
3.2

E·20
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TABLE E·2. COP'PER PHYTOTOXICITY DATA (oon't)

l'lfllnt N~m. . 1:' '. tie ,hytotoxi~l:s:e
toms

Ireference]

,I., ,1'IM~\l!I~~h.

UttJe bluestem

Black-eyed Susan
Corn

Oats

Wheat

yield
yield
yield

25% yield reduction
reduction of up to 68%

total mortality

E-21

167
167
58
138
138
138
56
56
56
56
56
56
56
206
128
128
128
128
128
128
128
128
128
15'
15

126
126
126
164
164
164
212

.212
212
212
212
212
212
212

I.
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name Scientific Variety Parts
Name

6.3
Rye Secale cereale Balboa grain field 5.6

6
6.3

Crimson clover Trifolium incarnatum Auburn whole field 5.6
6

6.3
Arrowreaf clover Trifolium vesiculosum Yuchi whole field 5.6

6
6.3

Carrots Daucus carota Danvers tubers,shoots field 5.5-5.8
Radishes Raphanus sativus Cherry belle tubers,shoots field 5.5-5.8
Tomato Lycopersicon esculentum New Yorker fruit field 5.5-5.8
Lettuce Lactuca sativa Salad Bowl leaves field 5.5-5.8
Bromegrass Bromus inermis Leyess field 6.7-7.9

. Corn Zea mays stovar field· 6.7-7.9

Pioneer 3369A leaves,grain . field low
Grain sorghum Sorghum blcolor Funk G-522 leaves,graln field low.
Soybeans Glycine max Centennial seedlings leaves seeds field. . low
Winter wheet Triticum spp. Anza str.aw field 7.8
Swiss chard Beta wlgaris Ford Hook Giant greenhoulle 7.7

7
5.5

Sweet corn Zea mays Jubilee plant, seeds field
Alfalfa Medicago sativa Ranger leaves,stems field
Wheat Triticum wlgere Fremont. plant, seeds field
Fodder rape Brassica napus Kenton greenhouse 5.6

6
7.5

Barley Hordeum wlgere Larker greenhouse 4.0-8.4
Rye Grass Lolium multifl.orum Westerwool greenhouse 4.0-6.4
Corn Zea mays Pioneer 3517 leaves, grain . field 7.6-8.1

E-22
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TABLE E-2. COIPPER PHYTOTOXIICITY DATA (olln'l)

Plllnt NIIffiII So,jlTyplII Treatment Concentratl,on In loil LOllding rlltlll

sandy 112metric tons 58·66
Rys la,ndy no llludgs .6-1.0

sa,ndy 56 metric tons 29-35
sa,ndy 112metrlc tons 58·66

Crimson clover sa,ndy no sludge .6-1.0
sandy 56 metric tons 29·35
sandy 112metric tons 58·66

Arrowlsaf clover sandy no sludge .6-1.0
sandy 56 metric tons 29-35
sandy 112metric tons 58-66

Carrots E!ridgehempton slit loam 1.6-13.8
Radishes Bridgehempton sillt loam 1.6-13.8
Tomato Bridgehampton siU loam 1.6-13.8
Lettuce Bridgehampton si,lt loam 1.6-13.8
Bromegrass Conestoga loem NH4N03

sludge low
sludge hi,gh

Corn Conestoga loam No N
NH4N03
Casludge 6·13 kg!ha
AI sludge 9·18 kg/he
Fe sludge 13-18 kg/ha

flne sandy loam
Gra,in sorghum flne sendy loam
Soybeans fine sandy loam
Winter wheat Oll)ni silty clay 40-62 86.2 kg!ha
Swiss chard Domino silt loam .1-.4 6.0-40.0

Hanford sandy loam .2-.6 6.0-40.0
Redding flne sand .05·.4 6.0-40.0

Sweet corn flne silt 8-25
Alfalfa fine silt 8-25
Wheat . flne silt 8-25
Fodder rape sandy 687 mglkg

sandy
sandy

Barley marginally productive soil dredged materiel
Rye Grass marginelly productive soil dredged materiel
Corn calcareous strip-mined spoil control 2.3-6.8 mglkg

sludge 2.7-39.6mglkg

E-23
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name lant tissue concentration
normal I toxic

l., ,U_\~\"I~111

Rye

Crimson clover

Arrowleaf clover

Carrots
Radishes
Tomato
Lettuce
Bromegrass

Corn

Grain sorghum
Soybeans
Winter wheat
Swiss chard

Sweet corn
Alfalfa
Wheat
Fodder rape

Barley
Rye Grass
Corn

3.7
4.5
6.6
6.7
7.1
8.4
9.4
7.3
10.1
13.9
3-11
9·22
10-13
11-17
5.9-11

7.3-10.1
9.3-14.4
4.3~8.0

6.1-9.4
6.0-9.6

6.7·11.6
6.3-9.6

11.3-13.5
8.5-11.0
10.5-29.5

2.0-3.2
12-19 mglkg
4-14 mglkg
12-23 mglkg

8.5"9.5
8.-12

8.0-9.5 •
6.95-25.75
7.02-17.71
6.88-14.47

6-21
9-39
9·16
10-15

E-24
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TABLE E·2. CO'PPER PHYTOTOXICITY DATA (can't)

[11~ent Name I IV! y .Eyp we
.

212
Rye 212

212
212

Crimson clover 212
212
212

Arrowleaf clover 212
212
212

Carrots 211 ..
Radishes 211
Tomato 211
Lettuce 211
Bromegrass 224

224
224

Corn 224
224
224
224
224
143

Grain sorghum 143
Soybeans 143
Winter wheat 32
Swiss chard 242

242
242

Sweet corn 24
Alfalfa 24
Wheat 24
Fodder rape 173

173
173

. Barley 41
Rye Grass 41
Corn 188

188

I·

,I.. IIIM~M~~I',
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name

Swiss chard

Rye Grass

Upland cotton

Timothy

Scientific
Name

Beta wlgaris

Lolium perenne

Gossypium hirsutum

Phleum pratense

Variety

Jubilee

Fordhook Giant

Parts

leaves, kernels

leaves, seeds

field 5.8-7.1

greenhouse 5.6-5.9

greenhouse 5.6-5.9

field 8.2

field 6.3

. 6.1

,~ ,IIM'~!Il_\l"

Corn Zea mays leaves,grain field 7
Pioneer 3192 leaves, grain field >6.5

>6.5

>6.5

I

Soybean Glycine mex Corsoy seeding tissue pot 5.9

Sorghum Sorghum bicolor Moench . root,leaves,stems,.orain field 6.9-7.2
5.8-7.2

Winter wheat Triticum .root, grain field 6.9-7.7
5.8-7.2

Splash pine Pinus elliottii pine needles' field,: 4.8-5.1
4.9-5.3
4.8-5.2

Wheat Triticum aestiwm Vergina whole field

E-26



TABLE E-2. CO'PPER PHYTOTOXICITY DATA (oon't)
.

11!~ant:Naml I Sol,1 Type

I
Treatment Eentration In soil I Loading ratl

WiI'lamatte silit loam control 8-11umollkg
tannery waste 8-13 umollkg

Swill chard Cha,lmers silt clay loam apr' ,:ontro,1 13 mglkg
<. " , ,Russel silt loa,r1 "'rining fluid 10-163 mglkg

(' . .. Rye Grasl
~ I • I

Chalmers sUt ola~ loam and control 13 mglkg
Russal silt loam drilling fluid 10-163 mglkg

Upland cotton Pima clay loam control
fertiUzed
sludge

Timothy Dalhousie clay loam control
fertilized
pig manure
sludge

St. Bernard sandy loam control
fertilized
pig manure
sludge

Corn Davidson silty clay CuS04 334-415 kglha
Guernsey silt loam control

pig manure
sludge

Bertie fine sandy loam control
pig manure
slUdge

Starr-Dyke clay loam control
pig manure
sludge

Soybean Nicollet loam soil CuS04 0-40 mglkg
sludge 0-107 mglkg

Sorghum Hynie fine sandy loam . fertilized 0.6
Hynie fine sandy loam sludge 2.9

Winter wheat Hynle fine sandy loam fertilized 0.6
Hynle fine sandy loam sludge 2.9,

Splash pine Troup fine sandy loam control 0.5 a
Troup fine sandy loam low sludge 1.2-2.4 11-34 kg/ha
Troup fine sandy loam high sludga 1.7-2.6 45·56 kg/ha

Whaat control 50-80 mglkg
low Zn polution 100·300
med Zn polution 300-600

l., ,'I_"'III~it.
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TABtE E-2, COPPER PHYTOTOXICITY DATA (co>n't)

I
Plant NlI~nlll .

ll=.======_:::_=======tVPr:=lI==== svmnt""o..m=s========::1

,k. l'IM~\!!lI_~\I'

Swiss cha1rd

RYlI'Grass

Uphmd cotton

Timothy

Corn

Soybean

Sorghum

Winter wheat

Splash pine

Wheat
visual
visual

reduced growth
reduced growth,chlorotic.stunted

E-29

226
226
176
176
176
176
259
259
259
257
257
257
257
257
257
257
257
183
184
184
184
184
184
184
184
184
184
57
57
127
127
127
127
144
144
144
61
61
61
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TABLE E-2. COPPER PHYTOTOXICITY DATA (can't)

Plant Nama IScientific IVariety IParts LName

Oat Harmon root,seed,stem field

Sudangrass Sorghum bicolor Piper whole field 5.23
5.18

5.77-6.38
Corn Zea mays leaves, roots, stems, husks field 6.2

Perennial. ryagrass Loluim perenne pot 4.3-5.26

4.76-5.72

6.16-7.11

Wheat straw,kernels greenhouse 8.1

6.5

field 8.1

Brome-alfalfa whole greenhouse 8.1

6.5.
Soybean Glycine max Bragg seed,pod wall, stem greenhouse 6.2

Ransom' seed,pod wall,stem greenhouse 6.2

Maize Zea, mays whole pot

E·30

~:';:';~~'



TABtE E-2. CO'PPER PHYTOTOXICITY DATA (oon't).
l'rentN:me : [ ~Oill Type I : Trelltmont Eentretion In .on I LOllding rete..

high Zn porution 800-1200
Oet control 5.2-8.7

25 % sludg,e 16.6
50% sludge 10.3

Sudengress Wehiawa sUty cley control
Wahiawa silty clay fertUized
Wahiawa silty clay sludge

Com Wa,rsaw silt loam control 51
sludge 843 1075 tons/ha

Perennia,1 ryegrass acid clay loam Control 0
sludg,e 4-8%
sludg,e 0.12

acid clay loam Control 0
sludga 4-8%
sludge 0.12

acid clay loem Control 0
sludge 4-8%
sludge 0.12

Wheet Lakeland calcareous fine centro! 0
sludge 12.15-121.5 kg/he

Red River noncalcareous fine control 0
sludge 12.15-121.5 kg/he

Lakeland calcareous fine control 0
sludg,e 198-396 kglha

Brome-alfalfa Lakeland calcareous fine control 0
sludge 12.15-121.5 kg/ha

Red River noncalcareous fine control 0
sludga 12.15-121.5 kglha

Soybean Enon saMY loam control 0
low sludge 10-20 kglha
high sludge 30 kglha

Enon sandy loam control 0
low sludge 10-20 kglha
high sludge 30 kg/ha

Maize sand control 2.5
low saturatrion sludge 5.1-10.2
low saturatrion sludge 20.3-40.7
high saturation sludge 5.1-10.2
high saturation sludge 20.3-40.7

i
,\" 11IM~\!i1I.ih.
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

,I.. ,1~\'"(I"~h,

Oat

Sudangrass

Corn

Pere'nnial ryegrass

Wheet

Brame-alfalfa

Soybean

Maize

lant tissue concentration
normal I toxic

...
8
27
22
24
20

17-20
10
40
15

20-30
30
10

20-30
35
10

15-20
30

1.78
1.83-3.13

2.4
1.68-3.38

1.7-2.7
2.5-8.3

7.9
7.9-15.0

5.2
5.9-12.9

5.66
7.93-8.96

10.66
3.8

5.73-6.33
7.16
6-9.0
7-9.0

8-13.0
9-13.0

15-36.0
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TABLE E·2. CO'PPER PHYTOTOXICITY DATA (oo,n't)

!l.~ant NmnlD
I rr

visuell 1I6neture,\ size,faw reach maturity 61
Oet 73

73
73,., . .. ...,-'

Sudangrass 104
104
104

Corn 125
125

Perennial ryagrass 19
19
19
19
19
19
19
19
19

Wheet 270
270
270
270
270
270

Broma-alfalfa 270
270
270
270

Soybean 202
202
202
202

.202
20'2

Maize 79
79
79
79

yield significant reduction 79

~ lil_mld~lh.
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TABLE E·2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name IScientific IVariety IParts
Name

Lettuce Imperial 847 tops pot

Onions Early flat Baretta bulbs pot-
field

Lettuce Imperial 847 tops greenhouse

Lucerne Medicago satuva Wairau whole pot 5
5.1-5.6
. 6.6

5.2
5.4-6.0

6.8
Tomato Lycopersicon esculentum Money maker Leaves,fruit, root pot 4.6-6.9

'fruit pot 4.6-6.6
6.6-6.~

6.6-6.7
Sweet corn Zea mays Jubilee leaves,kernels field 5.4

4.7-5.1'
1).1-5•.2
Ei.1-5.3 '

5.1
,Soybean Glycine max stem,leaves,seeds,pods pot.

Barley Hordeum wlgare 'Julia tops sand

Ryegrass Lolium parenne S24 tops greenhouse 6-
7.6

Lettuce ' Lectuca sativa Grand rapids leaves po~.li ",6.?

E-34
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TABLE 6·2. COPPER PHYTOTOXICITY DATA (oon't)

1;IR~ntNemo ::[-- Solil Typo :J Trelltment [ Concentrlltion In "011 I Loading rato
\

Lottuco loamy, fino sand control 0
low sludgo 1.31-6.55 kg.lha
high sludgo 6.55-11.79 kglha

Onions loamy, fino sand control 0
low sludg·e 1.31-6.55 kglha

• high sludge 6.55-11.79 kglha
loamy' fine sand, control 0

sludge 1.31-23.58kglha
Lettuce sandy loam control 0

sludge 1.31-106.11 kglha
heated sludge 3.93-11.79 kglha

Lucerne Waitarere sand 0 12
Waitarere sand 5-40% sludge 26.9-131.2
Waitarere sand 100% sludge 310
Levin silt loam 0 28
Levin silt loam 5-40% sludge 42.1-14O.S
Levjn silt loam 100% sludge 310

Tomato sludge 380 0-3SS.8 kQlha
0 0

25-75% sludge 97.2-291.6 kglha
100% sludgo 388;S kglha

Sweet corn Willllmette silt loam control
Willamette silt loam fertilized
Willamette silt loam Portland sudge 2S-55 Iblacre
WiUllmette silt loam Rock Creek sludge 27·54 Iblecre
WiUamette silt loam Selem sludge 11-21 Iblacre

Soybean Ritzville silt loam control 31
Cu solution 2.5 uglg

Barlay washed silver. sand CuS04 3.1-13.6
CuS04 34-100

Ryegrass sandy soil control 0
salt 13.7·110 mg{kg
sludge 13.7-110 mg{kg

heavy clay soil control O'
salt 13.7-110 mg{kg

sludge 13.7-110 mg{kg

Lettuce very fine non-calcareous control 31 0
low sludga 43.45-S6.9 kglha
high sludge 173.8 kgfha

,~~ lIIM~\IIIl~'~h.
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TABtE E-2. COPPER PHYTOTOXICITY DATA ~co,"Jt)

IfhmtNllml I ~yt y
" II.

_I type ! symptOO1$

lettuce 54
54
54

Onions 54
54
54
54
54

lettuce 53
53
53

lucerne 261 -
261
261
261
261
261

. Tomato 262
262
262
262

Sweet corn 121
121
121
121
121

Soybean 27
27

Barley 6
visual' death 6

Ryegr~ss 43
43
43
43
43
43

lettuce 271
271
271

l. l'IM\IIIII~\1o E-37



TABLE E-2. COPPER PHYTOTOXICITY DATA (can't)

Plant Name IScientific IVariety IParts

Name

Carrots Daucus carota Amstel tubers pots 6.7

Peas Pisum satiwm Thomas Laxton fruit pots 6.7

Tomato Lycopersicon esculentum shoots greenhouse 5.33
7.96-8.09
8.01-8.11

Grass timothy,brown top field 6.05

sweet vernal,blue 6.2

Alfalfa & red clover field 6.05
6.2

Duckweed whole solution • 4
4.5
5

Various shoots field

Oats Avena sativa Selma leaves pot 6.6

6.2

7.5

Highbush blueberry Vaccinium corymbosum Blueray pot 3.9-7.1

Subterranean. clover Trifolium subterraneum tops fi~ld

Arctotheca calendula . tops field

Holcus lanatus tops field

Lolium perenna . tops field

Plantago lanceolata tops field

Subterranean clover Trifolium subterraneum Mt. Barker tops greenhouse 5.6-6.3

,~. IflM~M~'II'

Silver beat Beat wlgaris Fordhook Giant

E·38

tops greenhouse 5.6-6.3
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TABtE 6-2. COPPER PHYTOTOXICITY DATA loon't)

lit Nem.o Soil Typo Trlletmcmt ConoontratIon In soil Lo.adlng ralto

Cllnote vory fine non-clllcereous contro·1 31 0
low sludgll 43.4'5-86.9 kglhe
high sludg'lI 173.8 kg/he

"
" ,.Poos" : . vlJry finll norr-cs,lcaroou: control 31 f)

(' . . . ...,·1 ,
low sludgll 43.45-~6.9 kglha
high sludgll 173.8 kg/ha

Tometo Elkton slit loam control 72.4
EI~kton slit loam I,ow 2-6% sludg'lI 73.46-75.58
Ellkton sillt 108m high 8-10% sludge 76.64-77.70

Grass clay and sandy loam control .81-8.39
clay and sandy loam sludga .66-11.06 1.7.87·30.44 kg/ha

Alfalfa lit red clovar clay and sandy loam control .81-8.39
clay and sandy loam sludge .66·11.06 17.87-30.44 kglha

Duckwafld Huthar's medium 1.0-10
Huther's medium 1.0-10
Huther's medium 1.0-10

Verious serpentina soil natural 37-144
Oats sendyloam control 10.6

nitrate compound 28.7
sendy soil control 21.5

nitrate compound 30.1
orgenlc soil control 28

nitrato compound 49.5
Highbush blueberry peat control

low CuS04 2 g/pot
high CuS04 4 g/pot

Subterranean clover orchard soil 155 mglkg
orchard soil 155 mglkg
orchard soil 155 mglkg
orchard sol'l 155 mglkg
orchard soil 155 mglkg

Subterranean clover orcherd 12 degrees 195 mglkg
22 degrees 195 mglkg

ore mineralized 12 degrees 9 mglkg
22 degrees 9 mglkg

Silver beet orcherd 12 degrees 195 mglkg
22 degrees 195 mglkg

ore mineralized 12 degrees 9 mglkg
22 degrees 9 mglkg

E-39
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

'Iant Name lant tissue concentration
normal I toxic

,I.. ,11_'~"i1~I"

Carrots

Peas

Tomato

Grass

Alfalfa 8& red clover

Duckweed

Various
Oats

Highbush blueberry

Subterranean clover

Subterraneen clover

Silver beet

3.6
5.5-6.7

7.5
5.3

8.4-8.9
9.5
41

24.6-27.1
30.9-33.8
5.2-17.4
6.7-19.2
7.2-14.2
8.6-15.2

31.8 prop. metal uptak
18.2 PMUT
5.5 PMUT

2.0-30
4.04-5.93
3.15-6.36
1.83-8.58

3.05-10.48
2.97-9.24

4.82-12.87
1.0-7
4-8.9

5.5-9.9

21
30
9.5
13.7
77
134
6.9
9.2

34.6-42.2 PMUT
32.5-37.1 PMUT
30.4-33.2 PMUT

22·30
27-36
35-40

12.0-43
12.0-34
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TABLE E-2. C.OiPPER PHYTOTOXICITY DATA (oon't)

'11f'lllnt Nllmo

toms

Grass

ClInots

Peas

Tomato

271
271
271
271
271
271
62
62
62
147
147
147
147
168
168
168

5
17
17
17
17
17
17
87
87
87
161
161
161
161
161
161
161
161
161
161
161
161
161

probable yield reduction
probable yield reduction
probable yield reduction
probable yield reduction
probable yield reduction

became pale and dark green
became pele end dark green
became pele end dark green

yield
yield
yield
yield
yiald

visual
visual
visual

Alfalfa & red clover

Duckweed

Various
Oats

Highbush blueberry

~ubterranean clover

Subterranean clover

. Silver beat

,I., ,'I_!~"dlnh,
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name

Radishes

Scientific
Name

Rhaphanus sativus

Variety

Long Scarlet

Parts

tops greenhouse 5.6-6.3

,I., IIIM~\!tII'~\" .

4.77-6.57
3.6-4.83
5.6-8.00
4.9-6.9

Silver beat Beta vulgaris Fordhook Giant tops greenhouse 4.8-6.75
3.6-5.05
4.3-5.95

5.35-7.75
4.8-6.65

Radishes Rhaphanus sativus Long scarlet tops greenhouse

Corn Zea mays Asgrow UH7 whole greenhouse 6.3

5.9
6.5

Lettuce Lactuca sativa Grand Rapids whole greenhouse .6.3

Forcing 5.9
6.5

Oats Avena sativa Garry straw field 5.09
5.84

6

Soybean Glycine max Clark shoots field 6.9
·6.6
6.4

5.9-7.4
7.0-7.7
6.9-7.6
5.8-7.1
5.7.6.0
5.1-5.3
6'.4-6.6
5.7-5.9

Sunflower Hellanthus annuus 894A whole field 7.2-7.4
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TABLE E·t. CO'PPER PHYTOTOXICITY DATA (oon't)

flI,ao't NlIOlll SoilTypll Traalmllnt Concantration In eml Loading rata

Rlldl.hal orchs'rd 12 dag,raas 195 mglkg
22 dag,raas 195 mglkg

o,ra minarsl'izad 12 da,g,raas 9 mglkg
22 dag'fllas 9 mg/kg

various oontrol 43·295
various llulfure 43-295
va,rious CaC03 43-295
va,rious water/ogg,jng 43-295

Si,lvar bllat various control 43-295
various Sulfure 43-295
various Gypsum 43-295
various CaC03 43·295
various waterlogg,ing 43·295
Dystric Xeropsamment sulfate 250 mg/kg

Radishas Dystric Xeropsamment sulfate 250 mg/kg
Corn Grenvillll loam control 0-480

fertilized 0-480
sludge 0-480+ 12

Rideau clay sludge 0-480+ 12
Rideau clay sludge + lime '0-480+12

LlIttuca Grenville loam sludge 0-480+12
Rideau clay sludge 0-480+12
Rideau clay sludge + Iimll 0·480+12

Oats peat CuS04 22-1177 13-1659 ug/g
muck CuS04 152-1187 135-1745 ug/g
mucky peat CuS04 158-583 81·1063 ug/g

Soybaan Sassafras fina sandy loam control 0.
Sassafras fine sandy loam sludgll 123.2 kglha
Sassafras fine sandy loam sludge 246.4 kglha
Christiana fina sandy loam control 0
Christiana fina sandy I~am Iimed-digested 14.5-116 kglha
Christiana fina sandy loam limed-raw 15.5-62.0 kg/ha
Christiana fina sandy loam Iimed-composted 15.3-184.1 kglha
Christiana fine sandy loam heated 22.6-90.5 kg/ha
Christiana fina sandy loam heated 22.6-90.5 kg/ha
Christiana fine sandy loam Nu-earth 58·116 kglha
Christiana fina sandy loam Nu-earth 58-116 kglha

Sunflower irrigated loamy fine sand control 0
Cu Sulfate 3.0 kg/ha

E-43
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TABLE E-2. COPPER PHYTOTOXICITY DATA (can't)

Plant Name

Radishes

Silver beat

lant tissue concentration
normal I toxic

19
26
6.5
6.8
16
39
13
20
63
63
68
35
74

••

toms

"~ IIIM~!!~"\l',

Radishes
Corn

Lettuce

Oats

Soybean

Sunflower

4.5
2.4-3.1
4.3-5.0
4.6-5.5
3.1-5.4
12.8

11.3-15.7
11.0-12.9
8.0-9.6
4.8-5.4
6.0-7.4
8.1-8.7
8.6-8.9
9.0-9.5
7.4-8.1
7.9-8.5
7.4-8.0 .
7.0-7.6
7.0-7.9
6.6-8.3
7.6-8.2
7.1-7.5

9.8
10.5

E-44
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TABtE E-2. COIPPER PHYTOTOXICITY DATA foo'O't)

~~'"t Name .: I: !W.,h~oto~cl~:;;to~ Ir'fe,re~j

(" .. ~ ,.• I

Redlshes

Silver beet

Redishes
Corn

Lettuce

Oats .

Soybean

Sunflower

yield
yield
yield
yield

yield

death of aU plants
death of alii plants

23-50% reduction in yield
25-49.6% reduction in yield

20.7-58.6% reduction in yield

161
161
161
161
162
162
162
162
162
162
162
162
162
162
162
146
146
146
146
146
146
146
146
7
7
7
89
89
89
89
89
89
89
89
89
89
89
93
93

,I~ 1\1_\~\IIII_III"
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name IScientific IVariety rParts

Name

6.0-6.3

8.4

6.0-6.2

"Barley Hordeum vulgare M ariout grain field 5.3
4.7-4.9
4.4-4.5

5.3
6.4-6.5
6.5-6.6

Oats Avena sativa Clintford stover field 5
.6.5
6.7
5.4
6.7

Wheat Triticum aestiwm Potomac stover fielil 5
6.5
6.7
5.4
6.7

Chard Beta wl.garis Fordhook Giant Swiss whole field 5
6.5
6.7
5.4
6.7

Carrots Daucus carota Gold Pak 128 leaves field 5.11
5.08
5.11
5.05
5.89
5.79
5.89
5.79

Beans Phaleolus wlgaris Tender crop fruit. pot 5
5.3

Cabbage Brassica oleracea Golden Acre leaves . pot 5
5.3

E-46
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TAStE E-2. CO'PPER PHYTOTOXIICITY DATA (co,n'U

': Phlnt NIlITltI Soil Type Treetmont Conoentrlltion In soil Lollding rIte

dry loamy flne land control 0
Cu Sulfate 3.0 kg/hI

dry fine sandy loem control 0
Cu Sulfate 3.0 kg/he

irrigated fine sandy loam control 0
Cu Sulfate 3.0 kg/ha

Barley Dublin loam Oakland sludg,e control 0
DubUn loem low sludge 27-54 kglha
DubUn loam high sludge "81-108 kglha
Dublin loam Pacheo sludge contro,1 0
Dubl,in loam low sludge 8.1-16.2 kglha
Dublin loam high sludga 24.3-40.5 kglha

Oats Galestown Evesboro loamy sand control OTPA: 3.1
Galestown Evasbo'ro loamy sand control +lime 1.9
Galestown EVllsboro loamy sand I'ime raw 3.4
Ga,lestown Evesboro loamy sand digestad 6.3
Ga,lestown Evesboro loamy sand limed + digested 7.4

Wheat Galestown Evesboro loamy sand control OTPA: 3.1
Galestown Evasboro loamy sand control +lime 1.9
Ga,lestown Evesboro loamy sand lime raw 3.4
Galestown Evesboro loamy sand digested 6.3
Gelestown Evesboro loamy sand limed + digested 7.4

Cha,rd Galestown Evesboro loamy sand control OTPA: 3.1
Galestown Evesboro loamy sand control +lime 1.9
Galestown Evesboro loamy sand lime raw 3.4
Gal!,stown Evesboro lo'amy sand digested, 6.3
Galestown Evesboro loamy sand limed + digested 7.4

Carrots peat control 12.6-30.8
peat lowCuS04 83.0-209.5
peat med CuS04 113.4-669.0
peat high CuS04 338.0-1659

,muck control 135.4-170.7
muck lowCuS04 244.1-292.7
muck med CuS04 311.8-610.3
muck high CuS04' 746.4-1745.0

Beans Arkport fine sandy loam peat 42.35
Arkport fine sandy loam sludge 107

Cabbage Arkport fine sandy loam peat 42.35
Arkport fine sandy loam sludge 107

E-47
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

,I. ItlM~\!lll~~\"

Plant Name

Barley

Oats

Wheat

Chard

Carrots

Beans

Cabbage

lant tissue concentration
normal I toxic

8.8
8.8
18.2
17.9
8.8
8
10

11.0-12
10.0-13.0

10
12.0-13.0
13.0-14.0

2.6
3.1
2.7
3.5
3.3
2.1
2.1
2.4
3.2
2.8
14

19.2
23

27.2
25.8
3.17
4.95
5.74
6.82
17.26
16.08
11.55
7.62
3.2
3.6

.6-3.0
1.8-2.9

E-48
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1

1'.P1l1lnt Nemo
I'

Barley

Oats

Wheat

Chard

Carrots

Beans

Cabbage

TABLE 6-2. COPPER PHYTOTOXICITY DATA (oon't)

E-49

93
93
93
93
93
93
246
246
246
246
246
246
214
214
214
214
214
214
214
214
214
214
214
214
214
214
214
157
157
157
157
157
157
157
157
68
68
68
68

J
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Wheat Triticum aestivum· HOM 1553 stem field 8

Cabbage Brassica Parachinensis Flowering Chinese leaves pot 6.35
5.8-6.32
5.82-6.27
6.55-7.32
6.18-7.33

Tomatoes Lv::opersicon esculentum Fireball leaves sand

Wheat Triticum aestivum tops pot 5.0-5.5
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TABLE E-2. CO'PPf,R PHYTOTOXICITY DATA (co'n't')

[?lInt Nemll Soil Typll Trcetnle'nt Concentration in .,011 Loading rate
i

CaHotl Arkport fine landy loam peet 42.35
Arkport fino sendy loam s(udgll 107

Millet Arkport fine sandy loam peet 42.35
Arkrort fino snMy loam ..rudga' 107

" .. Onions .,' I Arkpo,rt fine Bantly loam peet 42.35
,

Arkport fine Bandy loam sludge 107
Potatoes Arkport fina sandy loam peat 42.35

Arkport fina sandy loam sludge 107
Tomatoes Arkport fine sandy loam peat 42.35

Arkport fine sandy loam sludge 107
Celery muck soil control 46

muck soil high metal soil 657
muck soil limed high meta,1 soil 575

Ryegrass Devon sandy clay control 0
Timothy pig slurry low 50-100 m3tha
Meadow grass pig slurry high . 200 m3/ha

Devon clay control 0
pig slurry low 50-100 m3/ha
pig slurry high 200 m3/ha

Perennial ryegrass Sutton sandy loam control 39 0
low sludg 229
medium sludge 409 132 kg/he
high sludge 715

Wheat clay, control 23.4 0
50% sludge 38.2
66% sludge 63.8
100% sludge 77.2
10 tons/he sludge 40.1 4.28 kg/ha
20 tons/ha sludge 72.8 8.56 kg/ha

Cabbage redyellow pOOzol soil control 22.33
redyellow podzol soil activated sludge 32.5-50.0
redyellow pOOzol soil digested sludge 14.25-86.75
redyellow podzol soil chicken manure 18.5-37.5
redyellow pOOzol soil pig manure 52.5-75.0

Tomatoes Hoagland solution control 0
CuS04 3
CuS04 6

Wheat Orentano histosol control 44.5
fly ash 2% 46.2
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TAB;lE E-2. COIPPER PHYTOTOXICITY DATA toon't)

l~;~t Name I type r:oto~ciiV .ijptoms : Ireferonoe 1'1

Carrots

Millet

Onions

Potatoes

Tomatoes

Celery

Ryegrass
Timothy
Meadow grass

Perennial ryegrass

Wheat

Cabbage

Tomatoes

Wheat

yield
yield
yield

visual
visual

yield
yield

..

28% reduciton
43% reduction
57% raduciton

small,short,young bUdding stage
opaque granulate deposits

33% reduced dry weig!lt
62% reduced dry weight
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68
68
68
68
68
68
68
68
68
68
16
16
16

182
182
182
182
182
182
50
50
50
50
29
29
29
29
29
29
36
36
36
36
36

·193
193
193
186
186



Spinach Spinacia oleracea Symphony leaves field 6

.5.09

Bush bean Phase01us vulgaris Bulgarian leaves field 6.33

Corn Zea mays Pioneer 3369A whole pot 6.4
6.3

• 6.2

Highbush blueberry Vaccinium corymbosium Blueray whole pot 3.8-4.0
4.6-5.0
5.4-6.4
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TABtE E-2. CO'P'PER PHYTOTOXICITY DATA (oo,n'!)

!P1l1nt Nama So,il Type Tfaetn'lant Concantra!tion in so,il Loeding fate

fly ash 5% 47.9
Lampora,eehlo fluYisol eontrol 55.3

fly ash 2% 46.9
fly ash 5% 42.4

Guardia rag,osol control 28.2
fly ash 2% 34.4
fly ash 5% 42

Bush bllan solution control 0
CuS04 0.0001
CuS04 0.00025

solution control 0
CuS04 0.0001
CuS04 0.00025

N-deficient solution control 0
CuS04 0.0001
CuS04 .. 0.00025

N-deficient solution control 0
CuS04 0.0001
CuS04 0.00025

Soybean loamy sand control 0
CuS04 5.6 kglha
Cu-EDTA .4-.7 kg/ha
Cu-heptogluconate .2-.5 kg/ha

Spinach muck peat control 158.1 0
Cu solution 212.6 81 ug/g
Cu solution 316.9
Cu solution 582.5 1063 ug/g

peat control 22.4 0
Cu solution 125.7 13 ug/g
Cu solution 359.8
Cu solution 1177.1 1659 ug/g

Bush bean sand.loam.clay control .69 umollkg
sewage sludge 22.4 umollkg

Corn various control 0
vllrious CuS04 169-183 kglha
various sludge 169-183 kglha

Highbush blueberry Tempelton silt loam control
Tempelton silt loam control
Tempelton silt loam control
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Bush bean

lant tissue concentration
normal I toxic

17.8
17.5
13.5
11.9
21.5
16.4
16.2
5.9

17.9
49.8

3.2
14.2
16.7
6.5

45.4
26

Soybean

Spinach

Bush bean

Corn

Highbush blueberry

6.2
9.7
13.9·
10
12
11

10.0-15
16.03
14.73
15.32
15.9
9.85

11.58
15.76
19.3

4.0-6.0
6.0-14.0
5.0-9.0
7.5-8.0
7.0-9.0
3.0-6.0

..

495.0 nmollg
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TAB:lE e-2. COPPER PHYTOTOXICITY DATA (oo,n't')

!IIPlent Name I, i

"tome

186
186
186

~. ~ 186.. " I
186
186
186

Bush been 253
yield 17% reduced by dry weight of leef 253
yield 73% reduced dry weight of leaf 253

253
253
253
253

yield 21 % reduced dry weight of leaves 253
yield 84% reduced dry we,ight of leaves 253

253
253
253

Soybean 114
114
114
114

Spinach 165
165
165
165
165
165
165
165

Bush bean 82
possible yield reduction 82

Corn 129
129
129

Highbush blueberry 86
86
86
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TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

Plant Name Scientific
Name

Variety Parts

Barley
Oats
Wheat
Flax
Canola

Hordeum vulgare
Avena sativa
Triticum aestivum
Unum usitatissimum
Erassica campestris

Conquest
Hudson
Neepawa
Dufferin
Torch

E-58

greenhouse
greenhouse
greenhouse
greenhouse
greenhouse

3.8-4.0
4.6-5.0
5.4-6.4
3.8-4.0
4.6-5.0
5.4-6.4

6.1
6.1
6.1
6.1
6.1



TABlE E~2. COPP'ER PHYTOTOXICITY DATA (oon't)

Namo

Barley
Oats
Wheat
FI8x
Canola

Soil Type

Tempelton slit 108m
Tempelton slit 108m
Tempelton s.llit 108m
Tempelton silt 108m
Tempelton silt 108m
Tempelton silt loem
Cu deficient soH
Cu deficient soli
Cu deficient soH
Cu defici·ent soH
Cu deficient soli

Tfeatmlln,t

CuS04
CuS04
CuS04
CuS04
CuS04
CuS04
CuS04
CuS04
CuS04
CuS04
CuS04

E-59

Concentre!i'on in soil Loading fate

2glm3
2glm3
2glm3
4glm3
4glm3
4glm3

0-5.8 uglg
0-5.8 uglg

0-11.5 uglg
0-64 uglg
0-16 uglg



Plant Name

TABLE E-2. COPPER PHYTOTOXICITY DATA (con't)

lant tissue concentration
normal I toxic

Barley
Oats
Wheat
Flax
Canola

1.3-2.3
1.1-1.7
1,4-3.0
1.0-2.4
1.2-1.7

10.0-11.0
9.0-10.0
3.5-7.5

12.5-13.5
10.0-12.0

4.0-9.0
2.3-3.7
1.7-2.5
3.0-4.9
2.4-3.5
1.7-2.7

E-60

visual
visual
visual
visual
visual

bending,gray leaf margins,necrotic
bending,whitish margins,necrotic
bending,grayish margins,necrotic
interveinal chlorosis,obtuse stem
interveinal chlorosis,large leaves
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TABLE E-3. NICKEL PHYTOTOXICITY DATA

Plant Name IScientific IVariety IParts
Name

Alfalfa Medicago sativa tops field
Alyssum Alyssum berthollnii leaves,seeds field

.Apricot Prunus armeniaca fruit field
Barley Hordeum wlgare leaves field
Bean Phaseolus spp. seeds field
Bog asphodel Narthecium spp. leaves,stems field
Buckwheat Fagopyrum spp. seeds field
Bulrush Scirpus caespitosus leaves,stems field
Cabbage Brassica oleracea capitala tops field
Carrot Daucus carota sativa roots,leaves field
Cherry Prunus cerasus fruit field
Citrus fruits citrus spp. leaves greenhouse

field
pots

Clover,bur Medicago. hispida tops field
Clover,red Trifolium pratense tops field
Coffee Coffea spp. beans .. field
Corn Zea mays grain field
Cress,water Rorippa nasturtium-aquaticum tops,leaves field
Fig Ficus carica fruit field
Grasses Anthoxanthum odoratum sweet vernal tops field

various spp. tops field
Heather Heath Calluna vulgaris tops field

Erica cinerea ~ tops field
Erica tetralix'':, tops field

Mushroom . Cantharellus cibarius buttons field
Oats Avena sativa leaves,grain,tops field

pots
Onion Allium cepa bulbs field
Pea Pisum sativum seeds field
Pear Pyrus communis fruit field
Poteto Solanum tuberosum tubers field
Rice Oryza sativa grain field
Sedge Carex spp. tops field
Soybean Glycine soja seeds field
Spinach Spinacia oleracea , tops field
Squash Cucurbita spp; fruit field
Tea Camillia sinensis leaves field
Timothy Phleum pratense tops field

E·62
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TAStE e.3. NI~CKEL PHYTOTOXICITY DATA (cantt)

[Pfll,nt N,eme Treetment Concentretion In soi,1 Lolldlng rete ,lInt tiSSUll co,ncllntretlon
norma,l I toxi,c

1'". ••

Alfalfa
Alyssum
Apricot
Baday
Bllan
Bog asphodel
Buckwhllat
Bulrush
Cabbagll
Carrot
Cherry
Citrus fruits

Clover,bur
Clover,red
Coffee
Corn
Cress,water
Fig
Gr&ssas

HeAther Heath

Mushroom
Oat9

Onion
Pea
Pear
Potflto
Rice
Sedge
Soybean
Spinach
Squash
Tea
Timothy

• I

E-63

1-4
4000
0.65
4-6

0.59
.4·5.3
1.34
.3·3.0
3.3
1.8
0.5

.4-1.0

.4-4.0

.7·1.8
1.0-2.0

1.9
0.4

0.14
0.13
1.2

.7·1.7
.2·56.0
.6·2.6

1.5-1.7
1.1·1.5

3.5
7·134

84-340
0.16

2
1.3

.08-.37
0.02

.20-3.2
3.9
2.4
4.6

3.0-5.0
0.46

55-140



TABLE E·3. NICKEL PHYTOTOXICITY DATA (con't)

Plant Name
toms

reference

Alfalfa
Alyssum
Apricot
Barley
Bean
Bog asphodel
Buckwheat
Bulrush
cabbage
Carrot
Cherry
Citrus fruits

Clover,bur
Clover,red
Coffee
Corn
Cress,water
Fig
Grasses

Heather Heath

Mushroom
Oats

Onion
Pea
Pear
Potato
Rice
Sedge
.Soybean
Spinach
Squash
Tea
Timothy

"
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Visual

..

Chlorosis,necrosis,death

~5

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

.35
35
35
35
35
35
35
35
~5

35
35
35
35
35
35
35
3l)
35
35
35
35
35
35



TABLE 1:-3. NIICKEL PHYTOTOXI,CITY DATA loon'l}

Barley Hordaum vulgare Henry
Corn lea mays

Rye Secea,le cer~e,1

Corn lea mays

'1IPla.nt Neroa
I

Tomato
Walnut
Wheat
Corn

Soioa,ntifi.c
Nllma

Lycooperslcon lISculentum
Juglanll regi,a
Triticum app.
lea mays

Variety Ps,ra ICultivlltion I PH I SolllTyps

fruit nold
lellVes,maats field
gra,in fie·ld
earteafs,gra,in field 5.8-6.2 Bo/ao loamy sand

5.7-6.0 Davidson clay loam
5.7-6.0 Grose,close silt loem

earleafs,grain,stovar field 6.6 Acreda,la silt loam
silage fie,ld 6.6 Acredale silt loam

greenhouse 6.8 limed Warsaw sandy loam

greenhouse 6.8 limed Warsaw sandy loam

greenhouse 6.5 Warsaw sandy loam

Rye Seceale cereel greenhousa 6.5 Warsaw sandy loam

Tall fescue Festuca afUndinacea tops pots 7.'-7.7 fina silty
#, 6.'-7.5 fina silty

5.5-6.0 stripped mined
Alfalfa Medicago' sativa tops pots 7.'-7.7 fine silty

6.'-7.5 fine silty
5.5-6.0 stripped mined

Lettuca Lactuca sativa longifolia shoots greenhouse 7.5 Domino silt loam

5.7 .Redding fina sandy loam

Wheat Triticum aestivum Inia leaves gra,in greenhouse 7.5 Domino silt loam

5.7 Redding fine sandy loam
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't),

Plant Name Treatment Concentration in soil Loading rate lant tissue concentration
normal toxic

Tomato .01-.15
Walnut .9-5.0
Wheat .35-35.0
Corn .54-1 .Omglkg

.2-.41 mglkg
.2S-.46mglkg

17.2 kg/ha .23-1.3mglkg
Barley 17.2 kg/ha .51-.92mglkg
Corn' fertilized <4.5

sludge 22 ppm <4.5
NI sludged 37-S1ppm 5.7-15.5

Rye fertilized <4.5
sludge 22 ppm 5

Ni sludge' 37-S1 ppm 15.4-34.1
Corn fertilized <4.5

sludge 22 <4.5
Ni sludge 22-36 " 4.6-6.5
inorganic 15-30 4.5-5.5

Rye fertilized 4.5
sludge 22 5

NI sludge 22-36 10.1-15.3 >20.9
Inorganic 15~30 5.5-14.1

Tal! fescue 1.3 4.1
sludge 7.9 2.8-3.8
sludge ·12.2 4.2-9.0

Alfelfa 1.3 5.7
sludge 7.9 5.5-6.1
sludge 12.2 5.6-14.8

Lettuce 0-10 4.5-6.8 ug/g
20-S0 9.5-23 ug/g

160-640 29-61 ug/g 61-166ug/g
0-10 3.5-9.9 ug/g
20-S0 19-41 ug/g 41-241 ug/g

160-640 345-1150ug/g
Wheat 0-10 3.2-3.4 ug/g

20-80 3.6-4.3 ug/g
160-640 6.8-18 ug/g 18-41 ug/g

0-10 2.3-4.3 ug/g
20-80 5.7-46 ug/g >46 ug/g
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TABLE E-3. NIICKEL PHYTOTOXICITY DATA (eon't)

'II·P1eot Nome

"Tomllto
Walnut
Wheet
Corn

E-67

toms
roforooelll

35
35
35
197
197
197
196
196
44
44
44
44
44
44
45
45
45
45
45
45
45
45
230
230
230
230
230
230
167
167
167
167
167
167
167
167
167
167
167



TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

Scientific
.Name

Variety Parts Soil Type

Corn Zea mays grain field 6:3 Sable silty clay loam
6.8 Cisne silt loam

6.0-6.3 Ipava silt loam
6.2-6.3 Drummer silty clay loam

6 Muscatine silt loam
6.2 Hartsburg silty clay loam

Forage,grain field 5.4 Sango sil

Bush Bean Phaseolus wlgaris vines,pods field 5.4 Sango sil

Pearl Millet Pennisetum americanum leaves field 5.3-6.9 Downer sand..

Red Oak Queracus ruba leaves field 5.3-6.9 Downer sand

Black Walnut Juglans nigra lealies field 5.3-6.9 Downer sand

Wheat Triticum aestiwm pots 5.2 Redding fine sandy loam
<6.5 Redding fine sandy loam

Corn Zea mays Dekalb XL-43 seedlings,grain,stover field 5.6 sandy
6 sandy

6.3 sandy
Oats Avena sativa Norline grain field 5.6 sandy

6 sandy
6.3 sandy

Rye. Secale cereale Balboa .grain field 5.6 sandy
6 sandy

6.3 . sandy
Wheat Triticum aestivum Arthur grain field 5.6 sandy

6 sandy
6.3 sandy

Crimson clover Trifolium incarnatum Auburn whole field 5.6 sandy
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TABLE E-3. NllCKa PHYTOTOXiCITY DATA (oon't)

11?!')nt Nllma TJlUltmllnt Conoentretfon in .,o,il Loading rate ,Iant tiHUII oo,ncllntrlltlo,n
i! nonnlJll toxic

16()'640 125-294 ug/g
Corn 0.91ug/g

0.78 ug/g
.49-.58ug/g

I"· .79-1.43ug/g
0.78 ug/g
1.03 ug/g

control 1.1 4.4
ZnS04 1.3-1.9 3.0-3.6

compost 1.3-2.1 2.4-4.6
sludge 1.4-2.1 2.6-4.5

Bush Been control 1.1 5
ZnS04 1.3-1.9 4.1-4.6

compost 1.3-2.1 3.7-4.8
sludge 1.4-2.1 .9-5.8

Peerl Millet fertilized .4-4.9..
unfertilized .2-7.5

sludge 69 ug/g sludge .9-5.9
Red Oak fertilized 1.1

unfertilized 1.5
sludge 69 ug/g sludge 1.3-2.0

Black Walnut fertilized 1.3
unfertilized 1.1

sludge 69 ug/g sludge 1.2-1.8
Wheet 2().80 ug/g ••

20-80 ug/g ••
Corn no sludge .•2-.4 1.2

56 metric tons 1.3-1.7 1.6
112metric tons 2.5-2.8 2.1

Oats no sludge .2-.4 0.7
56 metric tons 1.3-1.7 5.3
112metric tons 2.5-2.8 6.9

Rye no sludge .2-.4 0.4
56 metric tons 1.3-1.7 1.1
112metric tons 2.5-2.8 1.9

Wheat no sludge .2-.4 0.4
56 metric tons 1.3-1.7 1.3
112metric tons 2.5-2.8 2.2

Crimson clover no sludge .2-.4 1.4
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

Plant Name
toms

reference

Corn

Bush Bean

Pearl Millet

Red Oak

Black Walnut

Wheat

Corn

Oats

Rye

Wheat

Crimson clover

E-70

yield

yield

significant yield reduction

reduction

167
la7
187
187
187
187
187
74
74
74
74
74
74
74
74
1'28
128
128
128
128
128
128
128
1.28
1,5
15

212
212
212
212
212
212
21.2
212
212
212
2H
212
212



TABLE E·3. NICKEl. PHYTOTOXICITY DATA (can't)

"P1e,nt Neme Solentinc Variety Pa,ns So'ilTypa
Neme

6 118ndy
6.3 se,ndy

Arrowleef clover Trifolium Yellculosum Yuchi whole field 5.6 sendy
6 sendy

6.3 sa,ndy

Carrots Deucus carota Danvers tubers,shoots field 5.5-5.8 Bridgehempton silt loem
Radishes Rephanus satlvus Cherry belle tubers,shoots field 5.5-5.8 Bridgehempton silt loem
Tomato Lycoporsicon esculentum New Yorker fruit field 5.5-5.8 Bridgehempton silt loem
Lettuce Lactuca sativa Sa'iad Bowl leaves field 5.5-5.8 B,ridgehampton silt loem
Bromegrass Bromus inermis Leyels field 6.7-7.9 Conestoga loam

Corn Zea mays stover field 6.7-7.9 Conestoga loam

Fescue grass Fartuca arundinacea .. pot 6.5 Norfolk fine loamy
Cecil sandy clay loam

Norfolk fine loamy
Norfolk fine loamy

Winter wheat Triticum !lpp. Anza straw field 7.6 Omni silty clay
Swiss chard Bets VUlgaris Fordhook Giant greenhouse 7.7 Domino silt loam

7 Hanford sandy loam
5.5 Redding fine sandy loam

Fodder rape Brassica nepus Kenton greenhouse 5.6 sandy
6 sandy

7.5 sandy
Barley Hordeum vulgare Larker greenhouse 4.0-6.4 marg,inally productive soil
Rye,grass Lolium multiflorum Westerwool greenhouse 4.0-6.4 marginally productive soil
Corn Zea mays Pioneer 3517 leaves, grain field 7.6-8.1 calcareous strip-mined spoil

Fodder rape Brassica napus Kenton greenhouse 5.6 sandy

6 sandy

7.5 sandy

Swiss chard Beta vulgaris Fordhook Giant greenhouse 5.6-5.9 Chalmers silty clay loam and
Russel silt loam

Rye grass Lolium perenne greenhouse 5.6-5.9 Chelmers silty clay loam and
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

Plant Name I Treatment I Concentration in soil Loading rate lant tissue concentration
normal toxic

56 metric tons 1.3-1.7 2.9
112metric tons 2.5-2.8 3.5

Arrowleaf clover no sludge .2-.4 2.3
56 metric tons 1.3-1.7 6.5
112metric tons 2.5-2.8 10.7

Carrots .3-3.2 5-11
Radishes .3-3.2 4-22
Tomato .3-3.2 1.6-6.9
Lettuce .3-3.2 5.2-9.6
Bromegra:ls NH4N03 .7-1.3 .7-.8

Ca sludge .6-44.5 2.6-6.0
AI sludge 4.5-5.2 .8-1.7
Fe sludge 1.2-3.0 .6-1.1

Corn no N 0.8
Ca sludge .6-27.8 2.3

Fescue grass 6.5-18.. 5-10
surface 11.2-31.6

incorporated 5.4-8.2
Winter wheat 93-106 20.6 kg/ha <5.0

'Swiss chard .6-6.6 .4-200.0 5-39 mglkg
1.4-32.0 .4-200.0 100-410mglkg
.6-43.0 .4-200.0 100-340 mglkg

Fodder rape 46 mglkg .46-3.75
.24-1.30
.11-.49

Barley dredged mat6rial' .37-2.9
Rye grass dredged material 1.4-10.8
Corn control 4.4-5.7 .4-2.6

sludge 3.9-11.3 .5-2.6
Fodder rape control 20.4 mg/pot 39.6 ug/pot

sludge 26.2-31.9mg/pot 35.2-51.4ug/pot
control 20.4 mg/pot 24.9 ug/pot
sludge 26.2-31.9mg/pot 18.1-24.0ug/pot
control 20.4 mg/pot 9.2 ug/pot
sludge 26.2-31.9mg/pot 12.8-18.3 ug/pot

Swiss chard control 15 mglkg 4.4 mglkg
drilling fluids 9-18 mglkg 4.4-13.0 mglkg

Rye grass control 15 mglkg 4.4 mglkg
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TABILE 1:-3. NIICKEL PHYTOTOXICITY DATA (con't)

tom.
rofe,ro,nce

Arrowlellf clover

Carrots
Radishes
Tomato
Lettuce
Bromegrass

Corn

• Fescue grass

Winter wheat
Swiss chard

Fodder rape

Barley
Rye grass
Corn

Fodder rape

Swiss chard

Rye gress

..

yield
yitlld

E-73

reduction
reduction

212
212
212
212
212
211
211
211
211
224
224
224
224
224
224
123
123
123
123
32
242
242
242
173
173
173
41
41

188
188
215
215
215
215
215
215
176
176
176



TABLE E-3. NICKEL PHYTOTQXICITY DATA (con't)

Plant Name IScientific Variety I Parts Soil Type
Name

Russel silt loam
Upland cotton Gossypium hirsutum seeds field 8.2 Pima clay loam

Soybean Glycine max Corsoy seedling tissue pot 5.9 Nicollet loam soil
Sorghum Sorghum bicolor Moench root,leaves,stem,grain field 6.9-7.7 Haynie fine sand loam

5.8-7.2 Haynie fine sand loam
Winter wheat Triticum aestivum root,grain field 6.9-7.7 Haynie fine sand loam

5.8-7.2 Haynie fine sand loam
Oat Harmon root,seed,stem field

Corn Zea mays leaves,roots,stems,husks field 6.2 Warsaw silt loam

Perennial ryegrass Loluim perenne pot 4.3-5.26 acid clay loam

~

4.76-5.72 acid clay loam

6.16-7.11 acid clay loam

Soybean Glycine max Bragg seed,pod wall,stem greenhouse 6.2 Enon sandy loam

Ransom seed,pod walls,stem greenhouse 6.2 Enon sandy loam

Oat Avena sativa Victory roots greenhouse 5.2-7.0 solution

Lettuce Imperial 847 tops pot laomy fine sand

Onions Early flat Baretta bulbs pot loamy fine sand

Lettuce Imperial 847 tops field loamy fine sand
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TABLE E-3. NICKEL PHYTOTOXI,CITY DATA (con'd

IliPIa,nt Nama Traatmant Concantration In Boil Loldlng rata lIl,nt tissue co'ooantra:don
n,orma,1 toxic

drilling fluids 9-18 mgll<g 4.1-6.3 mgll<g
Upland cotton control 1.05 mglkg

fe,rtiHzed 1.38 mglkg
sludge . .70-1.08mg.lkg,

.•.• NiCI2 0-40 mgll<g" .. Soybeen 2.8-10.6
Sorghum fertiHzed 12.3'"5.96 0.053

sludge 11.90-18.58 0.059
Winter wheat fertilized 12.31-15.96 3.18

sludge 11.90-18.58 4.53
Oat control 5.7-10.4 14

25% sludge 7.5 21
50% sludge 8.6 17

Corn control 71.5 2
sludge 147 1990 ton /ha 2

Perennial ryagrass control 0 20
sludge 4-8% 225-300..
sludge 0.12 350
control 0 15
sludge 4-8% 200-280
sludge 0.12 300
control 0 10
sludge 4-8% 115-200
sludge 0.12 250

Soybean control 0 8.1
low sludge 2.8-5.6 kglhe 11.83-13.83
high sludge 8.4 kg/ha 15.93

control 0 3.3
low sludge 2.8-5.6 kglha 9.30-14.5
high sludge 8.4 kglha 20.26

Oat OuM .2-.4umol/gDWh
5-15 uM .7-1.3 umol/gDWh

20-30 uM 1.8 umol
Lettuce control 0 1.5

low sludge .34-1.7 2.0-4
high sludge 1.7-3.06 4.0-6

Onions control 0 4.5
low sludge .34-1.7 5.5-7.5
high sludge 1.07-3.06 7.5-10

Lettuce control 0 1

E-75



TABLE E-3. NICKEL PHYTOTOXICITY DATA (con'tl

toms
reference

Upland cotton .

Soybean
Sorghum

Winter wheat

Oat

Corn

Perennial ryegrass

Soybean

Oat

Lettuce

Onions

Lettuce

yield
yield

yield
yield

yield

E·76

decreases yield
reduction in yield

decreases yield
reduction 'in yield

reduction in yield

176
2!?9
259
259
57
127
127
127
127
73
73
73
125
125
19
19
19
19
19
19
19
19
19

202
~02

202
202
202
202

4
4
4

!;i4
54
54
54
54
54
54



TABilE E·3. N'ICKEL PHYTOTOXlICITY DATA {co,n'U

"Plant Nllmo IScl'fIInliUc jVlldfllty rPllrt~ I CultivatJon I PH I SoIlTypfll
Ncmfll

Onion Eerly flet Be'rotte bulbs field loamy flno lend

ilettuce Imperial 847 tops greenhouse sandy loam

Lucerne Medicago sativa Walrau whole pot 5 WaUanlfe sand
5.1-5.6 Walta'rere sand

6.6 Waitarere sand
5.2 Levin siU loam

5.4-6.0 Levin silt loam
6.8 Levin silt loam

Tomato Lycopersicon escuientum Money meker leaves,fruit. root pot 4.6-6.9
fruit pot 4.6-6.6

6.6-6.9
6.6-6.7..

Ritzville silt loamSoybean Glycine max stem,leaves,seeds,pods pot
r,

Barley Hordeum wlgare Julia tops sand washed Silver sand

Ryegrass Lalium perenne 524 tops pot 6 lIznlfy seil

7.6 heavy cley soil

Tomato Lycopersicon esculentum shoots greenhouse 5.33 Elkton silt loam
7.96-8.09 Elkton silt loam
8.Q1-8.11 Elkto,n si'lt loam

Grass timothy,brown top field .6.05 clay & sandy loams
sweet vernal,blue 6.2 clay III sandy loams

Alfalfa & red clover field 6.05 clay & sandy loams
6.2 clay III sandy loams

Barley Hordeum wlgare Onda shoots solution solution

Alyssum murate leaves field serpentine soil
Rumex scutatus leaves field serpentine soil

Corn Zea mays Asgrow UH7 whole greenhouse 6.3 Grenville loam
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

It Name I Treatment I Concentration in soil I Loading rate lant tissue concentration
normal toxic

sludge .34-6.12 1.0-2
Onion control 0 0.5

sludge .34-6.12 0.75
Lettuce control 0 1.46

sludge .34-27.54 kg/ha 1.78-44.8
heated 1.02-3.06 kg/ha 1.79-2.69

Lucerne 0 7 3.5
5-40% sludge 8.25-17.0 2.1-3.5
100% sludge 32 1.8

0 12 .5-2
5-40% sludge 13.0-20 .5-3.25
100% sludge 32 .1-2

Tomato sludge 210 0-189 kg/ha 3.4
0 0 0.7

25-75% sludge 47.25-141.75 kglha .95-1.9
100% sludge 189 kg/ha 2.4

Soybean Control 28 . 0.62
Ni solution 2.5 ug/g 14.3

Barley NiCI2 2-8.9 10.8-13.0
NiCI2 24-90 250-850

. Ryflgrass control 0 2.47
salt 2.5-20 mg!kg 4.65-54.4

sludge 2.5-20 mg!kg 4.17-11.3
control 0 2.3

salt 2.5-20 mg!kg 2.7-13.9
sludga 2.5-20 mg!kg 2.8-4.9

Tomato control 154.6 14.91
low 2-6% sludge 157.6-163.7 8.81-8.84

high 8-10% sludge 166.8-169.8 9.82-10.68

Gress control .26-2.5 .64-4.10
sludga .49-3.05 1.26-2.51 kg/he .57-5.89

Alfalfa & red clover control .26-2.5 2.24-5.71
sludgu .49-3.05 1.26-2.51 kg/he 2.55-5.92

Barley ONi 0-100 ppb
1.0 uM Ni 100-400 ppb

n!'ltural 728-2093 • 10317

natural 728-2093 <252 ppm
Com control 0-480 0.6 1.6-78.1

fartilized 0-480 0.6 1.5-166.1
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TABLE E-3. NlltCKEl PHYTOTOXICITY DATA (oon't)

Int Nem·.
toms

referlnea

Onion

lettuce

lucerne

Tomato

Soybaan

Barley

Ryegrass

Tomato

Grass

Alfalfa & red clover

Barley yield/visual 30% lesslless green,smaller

Corn

E-79

visual

yield
yield

death

none mentioned

32-91 % reduction in yield
22-97.6% reduction in yield

54
54
54
53
53
53
261
261
261
261
261
261
262
262
262
262
27
27
6
6
43
43
43
43
43
43
62
62
62
147
147
147
147
21
21
5
5

146
146



TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

Plant Name IScientific Variety JParts I Cultivation I PH I Soil Type
Name

5.9 Rideau clay
6.5 Rideau clay

Lettuca Lactuca sativa Grand Rapilds whole greenhouse 6.3 Grenville loam
Forcing 5.9 Rideau clay

6.5 Rideau clay
Soybean Glycine max Clark shoots field 6.9 Sassafras sandy loam

6.6 Sassafras sandy loam
6.4 Sassafras sandy loam

5.9-7.4 Christiana fine sandy loam
7.0-7.7 Christiana fine sandy loam
6.9-7.6 Christiana fine sandy loam
5.8-7.1 Christiana fine sandy loam
5.7-6.0 Christiana fina sandy loam
5.1-5.3 Christiana fine sandy loam
6.4-6.6 Christiana fine sandy loam

• 5.7-5.9 Christiana fine sandy loam
Beans Phaleolus vulgaris Tender crop fruit pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Cabbage Brassica oleracea Golden Acre leaves pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Carrots Daucus carota Scarlet Nantes tubers pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Millet Echinochloa crusgalli Japanese edible tissue pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Onions .Allium cella Downing Yellow Sweet fruit· pots 5 Arkport fine sandy loam

Spanish 5.3 Arkport fine sandy loam
Potatoes Solanum tuberosum Katahdin tubers pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Tomatoes Lyoopersicon esculentum Vendor fruit pots 5 Arkport fine sandy loam

5.3 Arkport fine sandy loam
Celery Apium graveolens Utah 52-70 leaves field 6.88 muck soil

5.68 muck soil
6.91 muck soil

Perennial rv.egrass Lolium perenne Melle leaves pot 7 Sutton sandy loam

Lettuce Lactuca sativa Climax
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

[?h.,nt Neme I Trelltmont Concentration in soil loading reto ant thtlue concentra'tlo'n
normlll toxic

Iludg,e 0-480+1 0.5 1.5-19.1
sludge 0-480+1 .6-1.4 21.9-637.8

sludg,e + lime " 0-480+ 1 0.4 1.2-6.8
Lett~e sludge 0-480+1 1.3 6.1-133.1

j' . , .,,' sludg,e '0

0-480+ 1 1.3-51.0 3619
sludge + I,ime 0-480+1 1.6-31.8

Soybean control 0 2.5-2.8
sludge 9.52 kg/ha 3.8-4.6
sludge 19.04 kg/ha 5.1-6.1
control 0 5.8-8.2

Iimed·diqasted .84-6.72 kg/ha 3.7-6.9
limed-raw .95-3.81 kglha 3.2-4.4

limed-compost 11.26-135 kg/ha 2.5-7.8
heated sludge 2.07-8.29 kg/ha 4.4-7.7
heated sludge 2.07-8.29 kg/ha 7.9-12.6

Nu-Earth 15.1-30.2 kg/ha 7.6-7.7..
Nu-Carth 15.1-30.2 kg/ha 9.6-11.3

Beans peat 15.31 3.9
sludge 28.9 11.3

Cabbage peat 15.31 1.9-2.1 ,
sludge 28.9 3.3-10.0

Carrots peat 15.31 2.7
sludge 28.9 3.8

Millet peat 15.31 1.4
sludge 28.9 1.9

Onions peat 15.31 2.2
sludge 28.9 3

Potatoes peat 15.31 0.8
sludge 28.9 1.8

Tomatoes peat 15.31 0.5
sludge 28.9 1.3

Celery control 54 5
high metal soil 6000 78

limed high metal soil 5550 66
Perennial ryegrass control 43 0 11

low sludge 86·129 46-79
medium sludge 210-372 356 kg/ha 90 126-222

high sludge 537 305
Lettuce 20 uegn 20-45 uegn
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (con't)

Plant Name reference
S'

yield 19.6-88% reduction in yield 146
yield 71.4-88.9% reduction in yield 146
yield 15.3-42% reduction in yield 146

Lettuce yield 31-41 % reduction in yield 146
yield 20.9% reduction in yield 146

146
Soybean 89

89
89
89
89
89
89
89
89
89
89

Beans 68
68

Cabbage 68
68

Carrots . 68
68

Millet 68
.68

Onions 68
68

Potatoes 68
68

Tomatoes 68
68

Celery 16
visual stunting,cupping,& foiiar necrosis 16

16
Perennial ryegrass 50

50
yield 28% reduction 50
yield 57% reduction 50

Lettuce yield 70% reduced root length 10
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TABLE 1:-3. NII,CKEL PHVTOTO>OCITY DATA (oon't)

!?Iant NlS!mo ISoi,entifi,o IVariety IPeirtl
N8I'ne

Tometo Lyco,p'lIraico,n escuhmtum Firllbllll!1 11IIIVIIS Sllnd

So~1 Typo

HOII,gllInd tlolution

Soybean Glyoine maX Hll'fcor leavss sand Hoa'olond tlolution

Wheat Triticum asstiwm tops pot 5.0-5.5 Orentano histosol

6.1-8.3 Lamporocchio fluvisol

7.5-8.0 Guardia regosol

..
Peas Pisum sativum Dark Skin Prefaction perlite Hoaglands solutions

laxton's Progress perlita Hoaglands solution

Corn Zea mays Pionaer 3369A whole pot 6.4 various
6.3 various
6.2 various

pot 7.3-8.1 various
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TABLE E-3. NICKEL PHYTOTOXICITY DATA (cor)'t)

Plant Name I Treatment I Concentration in soil Loading rate lant tissue concentration
deficienc normal toxic

Tomato control 0 ••
NiS04 1.5 .Ii

NiS04 7.5 ••
NiS04 37.5 ••

Soybean control 0 ••
NiS04 0.3 ••
NiS04 0.9 ••
NiS04 1.5 ••

Wheat control 24.1 6.7
fly ash 2% 29 7.7
fly ash 5% 30.2 6.8

control 53.8 11.7
fly ash 2% 42.7 9.6
fly ash 5% 38.4 7.7

control 23.1 16.4
fly ash 2% 26.6 12.2
fly ash 5% 28.8 .. 9.1

Peas control 0 0
NiS04 10-100 umol 8.5-40.1
NiS04 1000 umol ••
control 0 0
NiS04 10-100 umol 9.9-53.7
NiS04 1000 umol ••

Corn control 0 <.1-2.7
NiS04 14.5-16.4 kg/ha <.1-2.7
sludge 14.5-16.4 kg/ha <.1-2.7

Ni(N03)2 20.0-44.0 3.0-5.5
Ni(N03)2 53.0-54.0 4.2-6.4
Ni(N03)2 74.0-90.0 4.5-7.1
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TAste E-3. NICKEL PHYTOTOXICITY DATA (con't)

IllPlllnt Nllme
toms

refefence

Tom2lto

Soybeen

Wheat

Pees

Corn

E-85

visulll
visulll
visue!

visual

visue,1

44.3% leaf afellinjury-necrosill
57.9% lellf afell in~ury-necrosis

dellth 91% yield reduction

extreme leaf necrosis & abscission

extreme leaf necrosis & abscission

193
193
193
193
193
193
193
193
186
186
186
186
HJ6
186
186
186
186
179
179
179
179
179
179
129
129
129
207
207
207



TABLE E-4. ZINC PHYTOTOXICITY DATA

10:21 AM 11/9/92

Plant Name IScientific IVariety
Name

Alfalfa Medicago sativa

Apple Malus spp.
Apricot Prunus armeniaca
Avocado Persea americana
Clover,Subter. Trifolium subterraneum

Corn Zea mays
Flax Unum usitatissimum

. Oats Avena sativa
Orange Citrus sinensis
Peach Prunus persica
Pear Pyrus communis
Pecan Carya iIIinoensis
Pineapple Ananas comosus
Potato Solanum tuberosum
Tomato Lycopersicon esculentum

Tung Aleurites fordi

Walnut Juglans regia
Corn lea mays

Barley
Reed canarygrass
Corn
Radish
Swiss Chard
Corn

Rye

Corn

Hordeum vulgare
Phalaris arundinacea
lea mays
Raphanus sativus
Beta vulgare
lea mays

Seceale cereal

lea mays

Henry

Cherry Belle
Fordhook

E-86

Parts
I

tops,top half of shoots field
control

leaves,stems field
leaves,stems field
leeves field
leaves field
tops solution
leaves field
tops pots
leaves,plant sand
leaves field
leaves,stems field
leaves field
leaves,leaflets,petioles,shoots field
leaVes,stems field
leaves field
lea\Als field

sand
solution

leaves,petioles field
sand

leaves,stems field
earleaf,grain controled 5.8-8.2

5.7-8.0
5.7-8.0

earleaf,grain,stover field 6.8
silage field 6.8

field 5.9-6.6
field 5.9-6.8

leaf,tubar field
field

stover,grain field 6.2
graenhous.e 6.8

greenhouse 6.8

greenhouse 6.5



TABLE &4. Zl'N,C PHYTOTOXICITY DATA {oon'U

"Ilin,t NamCl Soil Type TreCltmllnt Co,noentration in .,~I Lolldino rate

Alfalfa

Apple
'. I\p,r1eot

{~ .. Avocado
• I

Clover,Subter.

Corn
Flax
Oats
Orang,e
Peach
Pear
Pecan
Pineapple
Potato
Tomoto

Tut'g

Walnut
Corn Bojae loamy sand

Davidson clay loam
Groseclose silt loam

Acredale silt loam 248 kglha
Barley Acredale silt loam 248 kg/ha
Reed eanarygrass Hublersburg clay loam 73.0 kglha
Corn Hublersburg clay loam 30.6 kglha
Radish Ramona sandy loam 950 mglkg
Swiss Chard Ramona sandy loam 950 mglkg
Corn Waukegan fine silty over loam 106-384 kglha

limed Warsaw sandy loam fertilized
sludge 113

Zn sludge 410-1302
Rye limed Warsaw sandy loam fertilized

sludge 113
Zn sludge 410~1302

Corn Warsaw sandy loam fertilized
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Alfalfa

Apple
Apricot
Avocado
Clover,Subter.

Corn
Flax
Oats
Orange
Peach
Pear
Pecan
Pineapple
Potato
Tomato

Tung

Walnut
Corn

Barley
Reed canarygrass

Corn
Radish
Swiss Chard
Corn

Rye

Corn

lant tissue concentration
normal I toxic

. E-88



TABlE E-4, 2lINrC PHYTOTOXICITY DATA {oon't)

EntNemo :I :. jp¥oto~Cl?.;PIOffiS Ir:erernoe ~

A!faUa 35
35

Apple. 35
Apri(;ot 35.. ' . Avocado 35

I

Clover,Subter. 35
35

Corn 35
Rax 35
Oats visual leaves show Iron chlorosis 35
Orange visual leaves show iron chlorosis 35
Peach 35
Paar 35
Pecan 35
Pineapple 35
Potato • 35
Tomato 35

35
visual 35

Tung 35
visual 35

Walnut 35
Corn 197

197
197
196

Barley 196
Read canarygrass non. reported 213
Corn none reported 213
Radish none reported 34
Swiss Chard none reported 34
Corn no significant differences 12

44
44

yield up to 78% reduction 44
RYfl 44

44
yield up to 57% reduction 44

Corn 45
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TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

Plant Name Scientific
Name

Variety Parts

Rye Seceale cereal greenhouse 6.5

Corn Zea mays leaf,grain field 5.0-5.9
6.8-7.7
6.7-7.6

Bermuda grass Cynodon dactylon field 5.7-6.0
5.4-6.0
4.2-5.3
6.1~6.6

5.8-6.2
4.8-5.2

Tall fescue Festuca arundinacea tops .. pots 7.1-7.7
6.1,7.5
5.5-6.0

Alfalfa Medicago sativa tops pots 7.1-7.7
6.1-7.5
5.5-6.0

Corn Zea mays grain field 6.3
6 ..8

6.0-~.3

6.2-6.3
6

6.2

Lettuce Lactuca sativa longifolia shoots greenhouse 7.5

5.7

Wheat Triticum aestivum . Inia leaves, grain greenhouse 7.5

5.7
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TABILE E-4. ZiNC PHYTOTOXl!ClTY DATA (oon't)

entName I SoU Type

I
Treatment

sludge
Zn sludg,e
inorgsnic

Rye Warsaw sandy loam fertilizad
sludg,e

Zn sludge
inorganic

Corn Blount silt loam
Blount silt loam
B;lount silt loam

Bermuda grass nonlimed Ce,cil sandy clay loam contro,1
nonlimed Cecil sandy clay loam fertilized
nonlimed Cecil sandy clay loam sludge

limed Cecil sandy clay loam control
limed Cecil s!lndy clay loam fertilized
limed Cecil sandy clay loam sludge ..

Tall fescue fine silty
fine silty sludge

stripped mined sludge
Alfalfa fine silty

fine silty sludge
stripped mined sludge

Corn Sable silty clay loam
Cisne silt loam
Ipava silt loam

~rummer silty clay loam
Muscatine silt loam

Hartsburg silty clay loam
Lettuce Domino silt loam

Redding fine sandy loam

Wheat Domino ~i1t loam

Redding fine sandy loam

Concentration in soil

113
327-618
300-600

113
327-618
300-600

12.1-277.2
5.99-227
4.82·140

1-4
1-4

34-54
1-6
1-8

26-43
7.5

506.7
543.4

7.5
506.7
543.4

0-10
20·80

160-640
0-10
20-80

160·640
0-10
20-80

160-640
0-10

20-80

Lellding rate
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TABtE 1:-4. Z(IN'C PHYTOTOXICITY DATA {co,n'O

I[fllnt Namll
I tvoll I svml'ltoms

•

45
yiald reduct/on 45
yie,ld reduction 45

Rye 45
45

yield reduct/on 45
yield reduction 45

Corn no significant differencas 111
no significant differences 111
no significant differences 111

Bermuda grass 240
240
240
240
240.. 240

Tall fescua 230
230
230

Alfalfa 230
230
230

Corn 187
187
187
187
187
187

Lattuce 167
167

yield significant yiald reduction 167
167
167

yield significant yield reduction 167
Wheat 167

167
yield significant yield reduction 167

167
167
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

rna IScientific \Variety [parts

Name

Snap bean Phaseolus vulgaria Tendergreen beans,leaves field 5.3
leaves,edible tissue field 5.3

Barley Hor~eum vulgare Liberty greenhouse 7.2

Corn Zea mays forage, grain field 5.4

Bush beans

Corn

Bush beans

Phaseolus vulgaris

Zea mays

Phsseolus vulgaris

vines,pods

forage,grain

..

vines, pods

field

field

field

5.4

5.4

5.4

Carrots Daucus carota sotiva Scarlet Nantes tuhers field 5.3

Lettuce Lactuca sativa Grand Rapids leaves field 5.3

Peas Pisum sativum Wando fruit,vines,pods field 5.3

Potatoes Solanum tuberosum Norland tubers field 5.3

Radishes Raphanus sativus Sparkler tubers field 5.3

Sweeicorn Zea mays NK·199 grain,leaves field 5.3

Tomatoes Lycopersicon esculentum Fantastic fruit field 5.3

Wheat Triticum aestivum Centurk grain field 5.3

Corn Zea mays tops greenhouse 5.5

Pearl millet Pennisetum Americanum
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leaves,grain

leaves

field

field

nuetral

5.3-6.9



TABLE E·4. Zl'NIC PHYTOTOXIrCITY DATA (oon'l)

(?lInt Nima I Soi,l Type I Trclltmllnt i Con,ccnlIation in .,oil I Loading rlltet

160·640
Snap bean Hubbard coarset sand 1520 kg/ha

Hubba,rd coarsc sanr' contro,1 0

.' singlet 149-597 kg/ha
" .. ..

anua,1 379·151Skglha.
Barlcy Humus loam coarse sand
Corn Sango sil contro,1 4 0

ZnSo4 2S-106 40-160 ppm
Compost 32-S0 40·160
Sludge 29·93 40·160

Bush beans Sango sil control 4 0
ZnS04 2S-106 40-160

Compost 32-S0 40-160
Sludge 29-93 40-160

Corn Sango sil control 6 0
ZnS04 .. 53-164 SO-320

Compost 70-156 SO-320
Sludge 6S-206 SO·320

Bush beans Sango sil control 6 0
ZnS04 53-164 SO·320

Compost 70·156 S0-320
Siudget 6S-206 SO·320

Carrots Hubbard coarse sand
Letttuce . Hubbard coarse sand
Peas Hubbard coarse sand
Potatoes Hubbard coarse sand
Radishes Hubbard coarse sand
Sweet corn Hubbard coarse sand
Tomatoas Hubbard coarse sand
Wheat Truckton loamy sand
Corn Hartsell fine sandy loam Sludge A 70·1400

Sludge B 11-210
Compost 6·120
ZnS04 12-1400
control 0

Blount silt loam none 72·S3
middle 124-270

maximum 257-451
Pearl millet Downer sand fertilized
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Name I plent tissue concentration

y I normal I toxic

224-655ug/g >655 ug/g

Snap bean 11 2-115 ug/g
29.5-32.3 ugfg
57.2-60.4 ug/g
58.5-117 Augfg

Barley 106-295

Corn 41
227-475
77-100
94-97

Bush beims 60
184-328 328-499

52-84
158 164-189

" Corn 53
509-1025

126-184 ..
202-241

Bush beans 48
305-634

55-61
211-225

Carrots 23-103

Lettuce 21-225

Peas 49-327

Potatoas 24-53

Radishes 37-98

Sweet corn 22-293

Tomatoes 9~31

Wheat 34.8-54.2

Corn 196-508
60-186 313
31-92
104 1604-10178

14-18
21-42

23·112
45-145

Pearl millet 56 ugfg
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TABtE &4. Z1'NiC PHYTOTOXICITY DATA (co,n'U

tllnt~mm~
I: :e

;;;:~tO)(ICity
, sX!npto,m.

yield significllnt yield reduction 167
Sns1p bean 58

none mentioned 138
none mentioned 138
noml mentioned 138

Barley 124
Corn 74

74
74
74

Bush beans 74
yield vine & pod yield reduction 74

74
yield pod yield reduction 74

Corn 74
yield up to 59% yield reduciton 74

74
74

Bush beans 74
yield up to 99% yield reduction 74

74
74

Carrots 56
Lettuce 56
Peas 56
Potat.oes 56
Radishes 56
Swaet corn 56
Tomatoes 56
Wheat 206
Corn 169

yield reduciton attributed elsewhere 169
169

yield reduction of 10-96% 169
169
96
96
96

Pearl millet 128
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name Scientific
Name

Variety Parts

Red oak Quercus ruba leaves field 5.3-6.9

Black Walnut Juglans nigra leaves field 5.3-6.9

Wheat Triticum aestivum pots 5.2
>6.5

Lettuce Lactuca sativa Bibb leaves field

6.5

Cabbaga Brassica oleracea

Romaine

Boston

capitata

E-98

leaves

leaves

edible parts

field

field

field

6.5

6.5

6.5



TABLE E·4. ZINC PHYTOTOXICITY DATA (oon'U

'IPllnt NIIIffilI

Red oak

Black Walnut

Wheet

Lettuoe

Cabbage

S·o,IIType

Downer sand

Downer sand

Redding fine sendy loam

Sango sil

Sango sil

Sango sil

Sango sil

Sango sil

Sango sil

Sango sil

Sango sil

Treatment

unfertilized
sludge

fertUized
unfertUized

sludge
fertilized

unfertiUzed
sludge

no Iima:no heat
heat

sludge
sludge,heat

limed : no heet
heat •

sludge
sludge.heat

no Iime:no heat
heat

sludg6
sludge,heat

limed : no heat
heat

sludge
sludge.heat

no Iime:no heat
heat

sludge
sludge,heat

limed : no heat
heat

sludge
sludge,heat

no Iime:no heat
heat

sludge
sludge,heat

limed : no heat

E-99

Conoentration in .0,i,1 Lollldtng rete

2154ug!g sludge

2154ug/g sludge

2154ug/g sludge
100·200 ug/g
100·200 ug/g



TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

Plant Nama

Red oak

Black Walnut

Wheat

Lettuce

Cabbage

47-61 ug/g
51·81 ug/g

20
25

22-24
29 ug/g
43 ug/g

37-47 ug/g
••

••
46
74
103
121
43
40
68
93
35
43
53
128
31
49
51
79
29
88
116
125
31
50
63
64
29
34
46
41
48

E·l00

,"



TABLE 1:-4. ZINC PHYTOTOXICITY DATA ~oo,"'t)

It~8,~t Name I :elP;oto~CitV.metom. ; Iref~re:no: ~

f&" ..
. -

" ,
Red oak

Black Walnut

Wheat

Lettuce

Cabbage

yield

E-l0l

reduction

128
128
128
128
128
128
128
128
15
15
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
1'5
75
75
75
75
75



TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

Plant Name

Carrot

Scientific
Name

Daucus carota sativa

Variety Parts

edible parts field

6.5

Cantaloupe Cucumis mela Hal's Best edible parts field

d'

6.5..

I

Pepper " Capsicum spp. California edible parts field

Wonder

6.5

Lettuce

Corn

Squash

Lactuca sativa

Zea mays

Cucurbita pepo

Great lakas

Silver Queen

Yellow
Crookneck

£-102

leaves

. edible tissue,foliage

edible tissue ,foliage

field

'field

field



TABLE E-4. ZJN!C PHYTOTOXICITY DATA foon't)

tNeme

Carrot

Cantaloupe

Pepper

Lettuce

Corn

Squash

Soi,1 Type

Sengo ail

Sango sil

Sango sil

Sango sil

Sango sil

Sango sil

Sango llil

Sango sil

Sango llil

Trellltmlllnt

heat
sludg.e

slUdge,heat
no lime:no heat

heat
sludge

sludge,heat
limed : no heat

heat
sludge

sludge,heat
no I,ime:no heat

heat
sludge

sludge,heat
limed : no heat..

Ileat
sludge

sludge,heat
no Iima:no heat

heat
sludge

sludge,heat
limed : no heat

heat
sludge

sludge,heat
no heat

heat
sludge

sludge,heat
no heat

heat
sludge

sludge,heat
no heat

heat
sludge

sludge, heat

E-l03

Concentration In .,oll Load,!n,g rate



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Name

Carrot

Cantaloupe

Pepper

Lettuce

Corn

Squash

64
59
53
22
20
29
25
39
34
30
40
18
15
20
24
18
12
25
30
24
33
29
29
29
26
33
37

48-54
41-44

74-131
70-142

52
54
142
178
48
88
120
121

E-104

..



TABiLE E-4. ZINC PHYTOTOXICITY DATA (oon't)

~~llnt Name I type !:=oto~OI~!;to';'1 JrcfOrcnce I~

Carrot

Cantaloupe

Peppar

Lattuce

Corn

Squash

E-l05

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name IScientific \Variety [parts

Name

Pepper Capsicum spp. California edible tissue,foliage field

Wonder

Beans Phaseolus wlgaris Contender edible tissue,foliage field

Broccoli

Eggplant

Tomatoes

Potatoes

Brassica oleracea

Solanum melongena Black Beauty

Lycopersicon esculentum Better Boy

Solal'1um tuberosum red Irish

edible tissue

edible tissue,foliage

ediblll'tissue,foliage

edible tissue,foliage

field

field

field

field

Little bluestem Andropogen scoparius whole greenhouse 4.8
7.82

Black-eyed Susan Rudbeckia hirta whole greenhouse 4.8
7.82

Wheat Triticum aestiwm shoots, roots greenhouse

Corn Zea mays Dekald XL-43 seedlings,grain,stovers field 5.6
6

6.3

Oats Avena sativa Norline grain field 5.6
6

6.3

. Wheat Triticum aestiwm Arthur grain field 5.6
6

E-106



TABLE E-4. Z1NC PHYTOTOXICITY DATA (con',)

Plant Name 50,11 Type Ttalltme,nt Concentration In .oil Lolldlng rato.

Popper SlIno,o sil no hellt
heat

sludge

"
.. sludg,e,hellt

f" ... .. Beans
..

SlIng,o sil no hllat
heat

sludge
sludge,heat

Broccolli Sanga ail no heat
heat

sludge
sludge,heet

Eggplant Sanga sil no heat
heat

sludge
sludge,heat ..

Tomatoes Sango sil no heflt
heat

sludge
sludge,heat

Potetoes Sengo sil no he,at
heat

sludge
sludge,heat

Little bluestem rural Plainfield sand ZnCI2 20oo·4000ug/g
urban Oa'kville sand ZnCI2 2000-4000ug/g

Black-eyed Susan rural Plainfield sand ZnCI2 2000·4000ug/g
urban Oakville sand ZnCI2 20oo-4000ug/g

Wheat clay loam control
0-2 em depth

18-20cm depth
Corn sandy no sludge 1.0-1.6

sandy 56 metric tons 42.0-52.0
sandy 11 2 metric tons 84.0-99.0

Oats sandy no sludge 1.0-1.6
sandy 56 metric tons 42.0-52.0
sandy 112 metric tons 84.0-99.0

Wheat sa~dy no sludge 1.0-1.6
sandy 56 metric tons 42.0-52.0

E-l07



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name I plant tissue concentration
I normal I toxic

=
Pepper 71

64
96
109

Beans 37
46
71
62

Broccoli 87
93
99
130

Eggplant 21
19
22
25

Tomatoes 38 ..
41
32
47

Potatoes 27
39
33
65

Little bluestem ••
••

Black-eyed Susan ••
••

Wheat 52
81.1
87.5

Corn 42-86
289·405
331-411

Oats 13
39
42

Wheat 19
61

E-108



liiPl~nt Nero;

TABILE E-4, ZINC PHYTOTOXICITY DATA (oo,n't)

toms

Popper

Boons

Broccoli

Eggplant

Tomatoos

Potatoes

Little bluostem

Black-eyed Susan

Wheat

Gorn

Oats

Wheat

yield
yield
yield
yield

E·109

lack of germination
lack of germination
lack of germination
lack of g,ermination

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
164
164
164
164
126
126
126
212
212
212
212
212
212
212
212



TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

ant Name IScientific IVariety fParts

Name

6.3

Rye Secale cereale Balboa grain field 5.6
6

6.3

Crimson clover Trifolium incarnatum Auburn whole field 5.6
6

6.3

Arrowleaf clover Trifolium vesiculosum Yuchi whole field 5.6
6

6.3

Carrots Deucus carota Danvers tubers,shoots field 5.5-5.8

Radishes Raphanus sativus Cherry belle tubers,shoots field 5.5-5.8

Tomatoes Lycopersicon esculentum New Yorker fruit field 5.5-5.8

Lettuce Lactuca sativa Salad bowl leaves field 5.5-5.8

Brome gress Bromus inermis Leyes field 6.7-7.9

..
Corn Zea mays grain field 6.7-7.9

leaves, kernels field 5.7

Fescue grass Festuca arundinacea pot 6.5
6,5
6.5
6.5

Corn Zea mays Pioneer 3369A leaves field low

Grain Sorghum Sorghum bicolor Funk G-522 leaves field low

Soybeans Glycine max Centennial seedlings field low

Barlev Hordeum vulgare Barsoy leaves,straw, grain pot 6

!

Briggs leaves, straw,grain pot 6

E-110



TABILE E-4. ZINC PHYTOTO)(liCITV DATA (oon't)

i?!,s,nt Nerno SoillType Tro'lItmllnt Concentration in .oil Lollding rate

slIndy 112 metric toni 84.0-99.0
Rye 'IIndy no sludg,e 1.0-1.6

sandy 56 metric tons 42.0-52.0
slIndy 112 metric tons 84.0-99.0

Crimson clover slIndy no sludge 1.0-1.6~

sandy 56 metric tons 42.0-52.0
sandy 112 metric tons 84.0-99.0

Arrowlellf clovllr sllndy no sludge 1.0-1.6
sandy 56 metric tons 42.0-52:0
sandy 11 2 metric tons 84.0-99.0

Carrots Bridgehampton silt loam 2.3-11.7
Radishes Bridgehempton silt loam 2.3-11.7
Tomatoes Bridgehampton silt loam 2.3-11.7
Lettuce Bridgehampton silt loam 2.3-11.7
Brome grass Conestoga loam NH4N03 4-7

sludge low ..
sludge high 45-249

Corn Conestoga loam NH4N03 6-9
Ca sludge 32-89 27-59
AI sludge 66-156 38-87
Fe sludge 63-92 23-38

Willamette silt loam control
NHSO

Portland sludge 2800mg/kg
Rock Creek sludge 2200mg/kg

Salum sludge 1670mg/kg
Fescue grass Norfolk fine loamy

Cecil sandy clay loam
Norfolk fine loamy swine sludge 76 kglha
Norfolk fine loamy municipal sludge 88 kg/ha

Corn fine sandy loam
Grllin Sorghum fine sandy loam
Soybeans fine sandy loam
Barley Ramona sandy loam control

sludge low
sludge high

Ramona sandy loam control
sludge low
sludge high

E-111



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Name

Rye

Crimson clover

Arrowleaf clover

Carrots
Radishes
Tomatoes
Lettuce
Brome grass

Corn

Fescue grass

Corn
Grain Sorghum
Soybeans
Barley

72
21
91
94
50
102
112
51
187
312
23-79

62-164
35-49

46-133
17-25
19-27
26-31

21
22-24
20-27
25-30
26-41
33-62
53-84
41-70
29-66
15-43
22·50
18·46
20·47

37-200
50-200
45-223

30
41
52
24
31
61

400-707

778·1188

E-112

..



TABtE E·4. ZlNtC PHYTOTO)OtClTY DATA 'oontt)

~:t Name : I type IP~~oto~clt:.WPtom. : Ireference ~

.._1 ..

,"

", - 0-'

Rye

Crimson clover

Arrowleat clover

Carrots
Radishes
Tomatoes
Lettuce
Broma grass

Corn

Fescue grass

Corn
Grain Sorghum
Soybeans
Barley

yield reduction in certain years

yield/visual to 48% reduciton/ chlorosis/death

E-113

212
212
212
212
212
212
212
212
212
212
211
211
211
211
224
224
224
224
224
224
224
92
92
92
92
92
123
123
123
123
143
143
143
31
31
31
31
31
31



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Nama IScientific IVariety fParts

Name

Florida 103 leaves,straw,grain pot 6

Larker leaves,straw,grain pot 6

Briggs leaves,straw,grains pot 7.1

7.S

Winter wheat Triticum spp. Anza straw,grain field 7.6

Swiss chard Beta vulgaris Fordhook Giant gr~enhouse 7.7
7'

5.5

Sweet corn Zea mays Jubilee plant,seeds field

Alfalfa Medicago sativa Ranger leaves,stems field

Wheat Triticum vulgere Fremont plant,seeds field

Corn . Zeamays Pride 110 leaves,kernels field 6.5

6.5

Fodder rape Bralisiea napus Kenton gree'nhouse 5.6
6

7.5

Barley Hordeum vulgare larker greenhouse 4.0-6.4

Rye grass Lolium multiflorum Westerwool greenhouse 4.0-6.4

Barley Hordeum vulgare laaves field 5.5-7.0

,~. 1\IM~\\lII~lh,

Corn

Fodder rape

Zea mays

Brassica napus

Pioneer 3517

Jubilee

Kenton

E-114

leaves,grain

leaves,kernels

field

field

greenhouse

7.6-S.1

5.S-7.1

5.6

,

f'



TABILE E·4. ZIIN'C PHYTOTOXIICJTY DATA (cantIl

"IPlant N~e Soli Type Tce,.tml,,",t Conoentr.,t1on In loll Loedin" ca,ts

"-
Rllmonllianoy loam conlrol

llludgelow
sludg,e high

Ramone sandy loam control
sludge low
sludge high

Greenfield sandy loam control
sludge low
sludg,e high

Domino loam soil contro,1
sludglliow
sludge high

Winter wheat Omni silty clay 98-177 567 kg/ha
Swiss chard Domino si,lt loam 20·160

Hanfor~ sandy loam 20-160
Redding fine sand 20·160

Sweet corn fine silty 25-74
Alfalfa fine silty 25-74
Wheat , fina silty 25-74
Corn Sulton silt loam limed 0-449 "gth::

unlimed 0-448 kglha
Puyallup fine sandy loam limed 0-448 kg/ha

unlimed 0-448 kg/ha
Fodder rape sandy 417mg/kg sludge

sandy .
417mg/kg sludge

sandy 417mg/kg sludge
Barley Marginally productive soU dredged material
Rye grass Marginally productive soil dredged material
Barley Domino loam soil compost 2000 kglha

liquid 2000 kg/ha
Greenfield sandy loam . oompost 2000 kg/ha

liquid 200C? kglha
Corn calcareous strip-mined spoi,1 control 3.4-9.5mg/kg

sludga 3.6-114mg/kg
Willame~te silt loam control 11-14umol/kg'

NH4N03n 9 umol/kg
tannery waste 9-26umol/kg

Fodder rape sandy control 125 mg/pot
sludge 240-354mg/pot

E-115

,\" 1~!~MIlI~", .....~



,l. ,1IMi\\II~~\o,

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

29
51

121
26
35
67
16
26
57
16
23
32

Winter wheat 22-45
Swiss chard· 80·170

75-250 250-360
300-600

Sweet corn 31-67
Alfalfa 21-38
Wheat 23-75
Corn 26.8-342.6

28.0-587.7
27.3·508.7
28.7-677.3

Fodder rape 34.8-70.5
21.8-41.2
17.6-27.8

Barley ·24-200 200-291
Rye grass 41·258
Berley 14.2-51.0

16.1-51.4
12.5-57.3
18.4-81.9

Corn 13-33
34-200

.44-.46mmollkg

.43-.46mmollkg

.55-.67mmollkg
Fodder rape 1318 uglpot

1698-2545uglpot

E-116

t



TABlE E-4. ZlINC PHYTOTOXlICITYDATA ~con't)

1~lnt ~~.: .1 ;e {~otoXI'CltV.;tom. _ [referene:]

i~ 1.1~~I~"

Winter wheat
Swiss chard

Swaet corn
Alfalfa
Wheat
Com

Fodder rape

Barley
Rye grass
Barley

Corn

Fodder rape

yield
yield

visual

E-117

reduct/on
reduotlon

chlorosis

31
31
31
31
31
31
31
31
31
31
31
31
32
242
242
242
24
24·
24
185
185
185
185
113
173
173
41
41
33
33
33
33
188
188
226
226
226
215
215



.~ l'IM~\III~ll,

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name .1 Scientific IVeriety !parts

Name

6

7.5

Swiss chard Beta vulgaris Fordhook Giant greenhouse 5.6-5.9

Rye grass Lolium perenne greenhouse 5.6-5.9

Upland cotton Gossypium hirsutum leaves,seeds field 8.2

Timothy Phleum pratense field 6.3

6.1

Tomato Lycopersicon Iycopersium Tropic laaves, fruit greenhouse 7.9
7.8
7.6
6.9
7

6.5

Bell pepper Capsicum annuum California leaves,fruit greenhouse 7.9

Wonder 7.8
7.6
6.9
7

6.5

Cos lettuce Lactuca sativa Cos Paris White leaves greenhouse 7.9
7.8
7.6
6.9
7

6.5

Head lettuce Lactuca sativa Great Lakes 118 leaves greenhouse 7.9
7.8

E·118



TABLE E-4. ZlINC PHYTOTOXICITY DATA ~oon't)

,.'. "I

,I.. Id_!'~~I'

I'

[PI,lInt HilmI

.' I •

Swill aha,rd"'1

Rye gnisl

Upland cotton

Timothy

Tom::t~

Ball.pappar

COB lettuce

Head lettuce

SolllType

sandy

sandy

Chllilmers lIiUy clay IOllm and
Russa'i silt loam

Chalmers silty clay IOllm and
Russahilt loam
Pima clay IOllm

Dalhousia cilly IOllm

St. Bernard sandy loam

Las Viig,inas I fina loamy
Las Vlrgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse-loamy
Greenfiald II coarse-loamy
Las Vlrgines I fine loamy
Las Virgines II fine loamy

Domino I fine loamy
Domino II fina loamy

Greenfield I coarse-loamy
Greenfield II coarse-loamy
Las Virgines I fine loamy
Las Vlrgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse-loamy
Greenfield II coarse-loamy
Las Virgines I fine loamy
Las Virgines II fine loamy

Tro'lItm'lI,nt

control
sludge
contro,1
sludg,e
control

dri,IUng fluid
control

driUing fluid
control

fertilized
sludge
control

fertilized
pig manure

sludge
control

fertilized
pig manure

sludge

E·119

Concllntra,tion In "011

125 mg/pot
240-354mg/pot

125 mglpot
240-354mg/pot

62mg/kg
35-6170mg/kg

62 mg/kg
35-6170mg/kg

loading rate



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name lant tissue concentration
normal I toxic

.~. 111~\~\IlIl~~I'.

Swiss chard

Rye grass

Upland cotton

Timothy

Tomato

Bell pepper'

Cos lettuce

Head lettuce

. 1177 ug/pot
1025-1322ug/pot

641 ug/pot
749-1157ug/pot

72 mglkg
72-2072 mglkg

43 mglkg
43-995mglkg
42.8 mglkg
39.5mglkg

41 .1-49.1 mglkg
19-30 mglkg
19-25 mglkg
20-27 mglkg
19-29 mglkg
22-29 mglkg
21-28 mglkg
23-34 mglkg
24-33 mglkg

22
20
68

99.5
92.3
121

178.8
108

242.8
205

195.3
195.8
52.5
58

75.8
137

116.3
354
53.5
57.3

E-120



TABLE E·4. ZliNC PHYTOTOXICITY DATA (oon't)

tom.

.~ 11t\\~~_'· .

Swiss chlud

Rye g,rass

Upland cotton

Timothy

Tomato

Bell pepper

.Cos lettuce

Head lettuce

E-121

215
215,
215
215
176
176
176
176
259
259
259
257
257
257
257
257
257
257
257
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

~



.~. ItIM\\IlII~\ll.

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name Scientific Variety Parts
Name

7.6
6.9
7

6.5
Radishes Raphanus sativus Cherry Belle leaves,tubers greenhouse 7.9

7.8
7.6
6.9
7

6.5
Potato Solanum tuberosum Gold Russet leaves,tuber greenhouse 7.9

7.8
7.6
6.9
i

6.5
Corn Zea meys Golden leaves greenhouse 7.9

Bantam 7.8
7.6
6.9
7

6.5
Wheat Triticum aestiwm Anza leaves,seeds greenhouse 7.9

7.8
7.6
6;9
7

6.5
Swiss chard Beta wlgaris Large White leaves greenhouse 7.9

7.8
7.6
6.9
7

6.5
Broccoli Brassica oleracea Green Comet leaves,fruit . greenhouse 7.9

7.8
7.6
6.9
7

E-122



TABtE E-4. Z1IN'C PHYTOTO)GCITY DATA ~oC!l,n't)

.1.. ,1J.k'~"!~~b.

Iff,a,n,t Hem,o

Redishee

Potato

Corn

Whaat

Swiss chard

Broccoli

Soil Typo

Domino I fine I08l1ly
Domino II fine IOlllmy

Gre,enne,ld I c08,rse-loemy
Greenfie,ld II coarse-Ioemy
Las Vlrgines I fine loamy
Las Virgines II fine I08l1lY

Domino I fine loamy
Domino III fine loamy

Graenfield I coarse-loamy
Greenfield II coarse-loamy
Las Virgines I fine loamy
Las Virglnes II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse-loamy
Greanfield II coarse-loamy
Las Virgines I fine loemy
Las Virg'ines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse~loamy
Greenfield II coarse-loamy
Les Virgines I fine loamy
Las Virgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greanfield I coarse-loamy
Greenfield II coarse-loamy
Las Virgines I fine loamy
Las Virgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse-loamy
Greenfield II coarse-loamy
Las Virgines I fine loamy
Las Virgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfield I coarse-loamy

Trollltmon,t

E-123

Co,nce,ntulltio,n In 8011 Loed~ng flll,to



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

.~. 1'lk\~\Il\l~~II'

Plant Name

Radishes

Potato

Corn

Whaat

Swiss chard

Broccoli

83.5
143.8
177
281
56.5
48.8
168

246.8
200.8
332.8
21.5
26.5
23.3
27.5
31

50.5,
63.3
47

129.3
154.8
125.5
239.5
34.5
42.5
89.5
130.5
102.3
210
39.5
33.5

250.8
349.8
412.3
884
14.3
19

75.5
167.8

91

E-124



TABLE 1:-4. Z1IN'C PHYTOTOXlCITY DATA (co,n't)

E::Namo :" r tYe0. jehYtot:CiS;;tome "' rlflr.n:~]

..-'. • f

,i. In~!~iltll~~\'.

" , -
•• ,·1 R&dishes

Potato

Corn

Whoat

. Swiss chard

Broccoli

E-125

122
122
122
122
122
122
122
122
122
122
122
122

"122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

"122­
122
122
122

~4



,I. 111~\~\IIII_~\'.

TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

IPlant Name IScientific Iveriety IParts
Nama

6.5

Carrot Daucus carota Imperator leaves, tubers greenhouse . 7.9
7.8
7.6
6.9
7

6.5

Beet Beta vulgaris Rad Detroit leaves,tubers greenhouse 7.9
7.8
7.6
6.9
7

6.5

Corn Zea mays leaves,grain field 7

Pioneer 3192 leaves,grain field >6.5

>6.5

>6.5

Soybean Glycine max Corsoy Seedling tissue po.t 5.9

Corn Zea mays leaves,grain field

Sorghum Sorghum bicolor Moench roots,leaves,stem,grain field 6.9-7.7
5.8-7.2

Winter wheat Triticum aestivum grein, roots field 6.9-7.7
5.8-7.2

Corn Zea mays field 6.5
5.1-5.5

Lettuce Lactuca sativa whole field 7.56
7.06
8.53
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TABLE 6-4. ZINC PHYTOTOXICITY DATA loon't)

:Plant N,a,me 5011 Type TreatmClnt Concentration In '·01,1 Lo,8di,n~ rata

Greenfield 1'1 coarse-Iollmy
Carrot Lal Virg,ine'l I fina loamy

LeI Virginel II fine loamy
Domino I fina loamy
Domino 1:1 fine loamy

Greenfield I coarse-loamy
Greenfield II coarsa-Ioamy

Beet Las Virg,ines I fina loamy
Las Virgines II fine loamy

Domino I fine loamy
Domino II fine loamy

Greenfiald I coarse-loamy
Greanfield II coarse-loamy

Corn Davidson silty clay control
ZnS04 695-897kg/ha

Guernsey silt loam control
pig manure

CuS04
Bertie fine sendy loam control

pig manure
CuS04

Starr-Dyke clay loam control
pig manure

CuS04
Soybean Nicollet loam soil ZnS04 0-72mglkg

sludge 0-92 mglkg
Corn Blount silt loam control 68

1/4 max sludge 188
1/2 max sludge 326

maximum 454
Sorghum Haynie fine sandy loam fertilized 0.8

Hayniefine sandy loam sludge 10.2
Winter wheat Haynie fine sandy loam fertilized 0.8

Haynie fine sandy loam sludge 10.2
Corn Bount silt loam control 0

Bount silt loam sludge 0-2358 kglha
Lettuce land filll control 2169

land fill sludge 1824
clay control 117
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

i. 111_1~".jl"ll,

Plant Name

Carrot

Beet

Corn

Soybean

Corn

Sorghum

Winter wheat

Corn

Lettuce

288
51

47.8
91

109.5
98.5
155.5
51.8
48.3
286.3
446.5
363.5
1023.3

19.2-19.6 mg/kg,
21.1-54.3mg/kg

45
41

38-39
45
,37

44-48
25
17

25-26
32-55
32-112

14.5-28.3
32.0-84.4

43.7-156.1
61.8-281·.8 188.8-217.2

50
101
28
56

28-60
85-381
26.93
39.21
11.3
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IIPlent Name

Cllrrot

Beet

Corn

Soybean

Corn

Sorghum

Winter wheat

Corn

Lettuce

TAstE E·4. ZINC PHYTOTOXICITY DATA ~co,n'tJ

yieldlvisual yield reduction/delayed flowering

E-129

122
122
122
122
122
122
122
122
122
122
122
122
122
183
183
184
184
184
184
184
184
184
184
184
57
57
95
95
95
95
127
127
127
127
94
94
72
72
72



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl

Scientific IVariety rarts I L:.Name

8.06
6.8

6.86
6.74
7.32

Tomato Lyc~persicon esculentum fruit field 7.56
7.06
8.53
8.06
6.8

6.86
6.74
7.32

Wheat Triticum aestiwm grain,whole field 7.5~

7.06
8.53
8.06
6.8

6.86
6.74
7.32

Onion Allium cepa root, whole field 7.56
7.06
8.53
8.06
6.8

6.86
6.74
7.32

Radish Ra,phanus sativa toot,whole field 7.56
7.06
8.53
8.06
6.8

6.86
6.74
7.32

. Splash pine Pinus elliotttii pine needles field 4.8-5.1
4.9-5.3

,\" IIIM~\lfl~il'·
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TABLE E-4. ZINC PHYTOTOXiCITY DATA (oon't)

f!an,t Name Soi,lType Tre,.'tmont Concentre:tion In .o,il LOllding r.to

clay sludg,e 150
brown loam oontro,1 176
brown loam sludge 335

black top soil 'contro,1 97
I"" .. ~ I·' I

black top soil sludge 200
Tomato leooml control 2169

lend fiU sludg,e 1824
clay control 117
clay sludge 150

brown loam control 176
brown loam sludge 335

black top soil contro,1 97
black top soil sludg,e 200

Wheat land fill control 2169
land fill sludge 1824
.clay control 117
clay sludge 150

brown loam control 176
brown loam sludge 335

black top soil contro,1 97
black top soil sludge 200

Onion laM fill control 2169
laM fill sludgo 1824

clay control 117
clay sludge 150

brown loam control 176
brown loam sludge 335

black top soi,1 control 97
black top soil sludge 200

Radish land fill control 2169
land fill sludge 1824

clay control 117
clay sludge 150

brown loam control 176
brown loam sludge 335

black top soil control 97
black top soil sludge 200

Splesh pine Troup fine sandy loam control 0.9 0
Troup fine sandy loam low sludge 7.7-12.6 49·146 kg/ha

E-131
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TABLE E·4. ZINC PHYTOTOXICITY DATA (con't)

.~~ ItIM\\lill~~\,·

It Name

Tomato

Wheat

Onion

Radish

Splash pine

10.14
25.4
14.07
8.76
6.75
2.99
3.45
2.14
2.68
2.87
2.74
2.04
2.65

233.3
148.4
50.3
78

77.9
67.6
50.9
59.6
10.19
11.38
4.29
6.06
12.91
6.52
6.09
7.17
6.67
6.07
7.58
11.05
6.89
9.42
4.44
7.01
36

41·74

E·132
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Tomato

Wheat

Onion

Radish

Splash pine

TABla 6-4. ZINC PHYTOTOXICITY DATA (oon't)

72
7Z
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
144
144
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name IScientific IVariety IParts
Name

4.8-5.2

Oats Harmon root,seed,stem field

Sudangrass Sorghum bicolor Piper whole field 5.32
5.18

5.77-6.38

Corn 'Zea mays stems,roots,leaves,husks,grain field 6.2

Perennial ryegrass Loluim perenne pot 4.3-5.26

4.76-5.72

6.16-7.11

Swiss chard Beta vulgaris leaves pot 4.9-5.5
5.2-6.2
5.2-5.8
5.2-5.7
5.1-5.7

Tobacco Nicotiana tabacum Virginia 115 and leaves field 5.9-6.2

Island gold

Wheat kernels,stra'w greenhouse 8.1.
6.5

field 8.1

Brome alfalfa whole greenhouse 8.1

6.5.
perennial ryegrass pot 5.5
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TABLE £:-4. Z1IN'C PHYTOTOXICITY DATA (,oon't)

IIPlmnl Namlll Soli Type Treetment ConcontrlllUon Tn 10,1,1 LolKI(ng rlllite

Troup fino ~andy loam high llludg,e 8.3-13.3 195-244 kglhll
Oats contro,1 25-31.1

25 % sludge 42.8
50% sludge 81.4

Sudangrllss Wahiawa silty clay contro,1
Wahiawa silty clav fertilized
Wahiawa silty clay sludga

Corn Warsaw siU loam control 158
sludge 2065 1010 tonslha

Perennial ryeg1rass Acid clay loam Control 0
sludga 4-8%
sludge 0.12

Acid clav·loam Control 0
sludge 4-8%
sludge 0.12

Acid clay loam Control 0
sludge 4-8%
sludge 0.12

Swiss chard Puyallup sandy loam sludge 40-145 0-246 kg/he
Sultan silt loam sludge 50-150 0-246 kg/he
Schalcar muck sludge 95-185 0-246 kglha

Chehalis clay loam sludge 75-195 0-246 kg/ha
Olympic clay loam sludge 70-225 0-246 kglha

Tobacco fine sandy loam control 0
Zn sulfate 6.7-20.1 kg/ha
Zn sulfate 26.8-40.2 kglha

Wheat Lakeland calcareous fine control 0
sludge 87.75-877.5 kglha

Red R.iver noncalcareous fine control 0
sludge 87.75-877.5 kglha

Lakeland calcareous fine control 0
sludge 824-1648 kglha

Brome alfalfa Lakeland calcareous fine control 0
sludge 87.75-877.5 kg/ha

Red River noncalcareous fine control 0
sludge 87.75-877.5 kg/ha

peranniall ryegrass· sandy soil control 89 mg/pot
sludge 712 mg/pot 126 g/pot
sulfate 712 mg/pot
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Nama lant tissue concentration
normal I toxic

,I. ,1IMi\lllI_ll"

Oats

Sudangrass

Corn

Perennial ryegrass

Swiss chard

Tobacco

Wheat

Brome alfalfa

perennial ryegrass

73-85··
42
68
99
129
176

115-172
165
320
80

250-365
500

60-75
200-300

400-450
40

100-150
250

.10-.86 mg/g

.10-.86 mg/g

.60-1.3 mg/g

.10-.60 mg/g

.10-.40 mg/g
16.8-27.0
22.1-53.8

43.2-114.6
15.9

23.0-52.0
30.3

30.9-64.5
32-44
45-96

14
22.0-61.0

21
33-66

.35 mg/pot
68 mg/pot
150 mg/pot
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TABtE 6-4. Z1INC PHYTOTOXICITY DATA (.0000'1.)

(Plllnt Neme I ,:., IphytOloxicity.;;,. 1r~fe'r.,nc. ~

"
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Oats

Sudllngra.ss

Corn

Perennial ryegrass

Swiss chard

Tobacco

Wheat

Brome alfalfa

perannial ryegrass

yield

yield

yield reduces again

yield reduces aga,in
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144
73
73
73
104
104
104
125
125
19
19
19
19
19
19
19
19
19
134
134
134
134
134
80
80
80
270
270
270
270
270
270
270
170
270
270
55
55
55
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TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

Plant Name IScientific IVariety IParts
Name

Soybean Glycine max Bragg seed, pod wall, stem greenhouse 6.2

Ransom sead, pod wall, stem greenhouse 6.2

White pine _Pinus strobus leaves, roots greenhouse

-Red maple' Acer rubrum leaves, roots greenhouse

Norway spruce Picea abies leaves,roots greenhouse

Lettuce Imperial 847 tops pot

I
Onions Early flat Baretta bulbs pot

Lettuce Imperial 847 tops field

Onions Early flat Baretta bulbs field

Lettuce Imperial 847 tops greenhous~

Lucerne Medicago sativa Wairau whole, pot 5
5.1-5.6

6.6
5,,2

5.4-6.0
6.8

Tomato Lycopersicon esculentum Money maker leaves,fruit,root pot 4.6-6.9
fruit pot 4.6-6.6

6.6-6.9
6.6-6.7
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TABLE E-4. Z1:NIC PHYTOTOXIICITY DATA ~con't)

",Plant Namlll SoilTypll Treltment ConclIIntrltion in loR Lolding ratlll

combination 712 mg/pot
Soybean Enon sandy loam contro,1 0

low sludge 12.2-24.4 kglha
high sludge 36.6 kglha

Enon sandy loam control 0
low sludge 12.2-24.4 kglha
high sludge 36.6 kglha

White pine sand Zn solution 0
6.25·50 ugn
100-400 ugn

Red meple sand Zn solution 0
6.25-50 ugn
100-400 ug~

Norway spruce sand Zn solution 0
6.25-50 ugn
100-400 ugn

Lettuce loamy fine sand Control 0
low sludge 3.68-18.4 kglha
high sludge 18.4-33.12 kglhe

Onioiis loamy fina sand contiol "v
low sludge 3.68-18.4 kglhe
high sludge 18.4-33.12 kglha

Lettuce loamy fine sand control 0
sludge 3.68-66.24 kglha

O'nions loamv fine sand control 0
sludge 3.68-66.24 kglha

Lettuce sand loam control 0
sludge 3.68-289.08

heated sludge 11.04-33.12
Lucerne Waita-rere sand 0 37

Waitarere sand 5-40% sludge 95.15-502.2
Waitarere sand 100% sludge 1200
Levin silt loam 0 65
Levin silt loam 5-40% sludge 121.75-519
Levin sjlt loam 100% sludge 1200

Tomato sludge 380 0-378 kg/ha
0 0

25-75% sludge 94.5-283.5 kglha
100% sludge 378 kglha
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name

,I. l'IM~\IIII~.\"

Soybean

White pine

Red maple

Norway spruce

Lettuce

Onions

Lettuce

Onions

Lettuce

Lucerne

Tomato

17 mg/pot
53.33

60.66-62.33
61.3
52

57.33-57.66
63.33
98.8

128.3-433.8
647.1-1005.5

49.3
147.5-381.3
260.8-385.8

133.8
165.0-242.5

o
50

87·220
220-300

35
60-120
120·180

40
40
17

14-18
55

85-698
'117-169
80-180'
130-880

. 150-350
84

110-280
170
62
46

42-51
56

1005.5-2650

421.3

621.3
496.3-1625.0
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TABILE E·4. Z/INIC PHYTOTOXICITY DATA (oo,n't)

, ....

ontNamo

toms
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Soybean

White pine

Red maple

Norway spruce

Lettuca

Onions

Lettuce

Onions

Lettuce

Lucerna

Tomato

visual

visual

visual
visual

foliar toxicitylinterveina,1 chlorosis

foliar toxicitylinterveinlll chlorosis

foliar toxicity/ stunted growth
foliar toxicity/stunted growth
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55
202
202
202
202
202
202
166
166
166
166
166
166
166
166
166
54
54
54
54
54
54
54
54
54
54
53
53
53

261
261
261
261
261
261
262
262
262
262
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TABLE E·4. ZINC PHYTOTOXICITY DATA (can't)

Plant Nama tScientifie IVariety IParts
Name

Sweet corn Zea mays Jubilee leaves,kernels field 5.4
4.7-5.1
5.1-5.2
5.1-5.3

5.1

Soybeen Glyei,ne max stem,leaves,seeds,pods pot

Picea abies needles field

Endive Chieorium endivia Florida Deepheart leaves greenhouse 4.5-4.9

Barley Hordeum vulgare Julia tops sand

Rye grass Lolium perenna S24 tops greenhouse 6

7.6

Lettuee Laetuca sativa Grand rapids leaves pots 6.7.
Carrots Daucus carota Amstel tubers pots 6.7

Peas Pisum sativum· Thomas Laxton fruit pots 6.7

Tomato Lycopersicon esculentum shoots greenhouse 5.33..
7.96-8.09
8.01-8.11

Lettuce tops 4.9

7.7
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TABLE E·4. ZINC PHYTOTOXICITY DATA (oo,n'l)

IPilIntNamll Soil Typo TrOlltmlnt Conotllntre,uon in .oil Loading rIte

swolltcom Wil!llimotto ai,lt loam control
Willillmotto silt loam ferti,llized
Wililemolto silt 101lm Portland sludgo 88-177 Ib/iicro

"
",

"
Wi,lllamE'lla silt loa. ' Rock Cree'k sludge 40·80 'b/acro

,.. r. .. -I'''·
WiUamotlo silt loam Sa,lem sludg,e 26-5~ Ib/acro

SoyboBln Rizvillo siU loam control 74
Zn solution 2.5 ug/g

control
polluted

Endivo Merrimac loamy sand Bnd control 0
Suffield loam and ZnS04 100-400 mg/kg

Hadley silt loam Zns04 800 mglkg
sludge 16 mglkg.

sludge + ZnS04 100-400 + 16 mglkg
sludge + ZnS04 800 + 16 mglkg

Barley washed silver sand ZnS04 3.5-12.6
ZnS04 430-1500

Ryo grass sandy soil control 0
salt 51·410 mglkg

sludge 51-410 mgrl<g
heavy clay soil control 0

salt 51-410 mg/kg
sludgo 51·410 mglkg

Lettuco vary fino non-calcareous control 99 0
low sludge 160.6-321.2 kg/ha
high sludgo 642.4 kg/he

Carrots very fine non-calcareoul! control 99 0
low sludge 160.6-321.2 kglha
high sludgo 642.4 kglha

Peas vary fine non-calcareous control 99 0
low sludge 160.6-3~1.2 kglha
high sludgo 642.4 kglhs

Tomato Elkton silt loam control 82.2
Elkton silt loam low 2-6% sludge 88.7-101.8'
Elkton silt loam high 8-10% sludge 108.3-114.9

Lettuce steinhof sandy loam NaN03 0-60
60-144

Erlach soil NaN03 60-144
144-475

E-143
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TABLE E:4. ZlIN,C PHYTOTOXICITY DATA (oOo,n't)

!Pllnt Nlm~ I {: :aymPto.mi.tyee

Sweet corn 121
121
121
121
121

Soybean 27
27
112
112

Endive 165
yield 6-57.5% reduction 165
yield 54% reduction/death 165

165
yield 23.5-41 % reduction 165
yield 64% reduction 165

Barley 6
visual death 6

Rye grass 43
43
43
43
43
43

Lettuce 27·1
271
271

Cerrots 271
271
271

Peas 271
271
271

Tometo 62
62
62

Lettuce 78
visual phytotoxic 78

78
visual phytotoxic 78

E-145
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name 15cientific IVariety IParts I L:Name

6.9

Red clover tops 5.7

7.3

Grass timothy,brown top field 6.05
sweet vernal,blue 6.2 .

Alfalfa & Red clover field 6.05
6.2

Wheat Triticum aestivum Gamenya seedlings solution 3.5-6.0

Dwarf beans Phaseolus vulgaris Limburgse vroege leeves solution

Various shoots field
Oats Avena sativa Selma leaves pot 6.6

6.2

7.5

Eucalyptus Eucalyptus maculate Hook leaves greenhouse 6.5-7.5

.
Eucalyptus marginata Donn leaves greenhouse 6.5-7.5

Eucalyptus patens Benth leaves greenhouse 6.5-7.5

Wheat Triticum eastivum Gamenya leaves greenhouse 6.5-7.5.
Highbush blueberry Vaccinium corymbosum Blueray pot 3.9-7.1

E·146
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TAstE 6-4. Z1IN'C PHYTOTOXlICITY DATA (coln'f)

an,t Noma SolllTypa Trlla,tment Co,noll,n'tratIon In loil Loading rata

La Chatapge soli NaN03 144-210
210-350

Red clover Gansemoos s·ol,1 contro,1 68
low NaN03 77·106
high NaN03 219

Erlach soil control 61
low NaN03 70-96
high NaN03 202

Grass clay and sandy loams control .4-4.5
clay and sandy loams sludga .6-5.94 27.39-62.77 kg/ha

Alfalfa & Red clover clay and sandy loams control .4-4.5
clay and sandy loams sludge .6-5.94 27.39-62.77 kglha

Whaat solution control 0
sulfate .05-1.0 uM hair"plant
sulfate 1.0 uM whole plent

Dwerf beans Hoaglands ZnS04 solution 0-1.9
3.8-15.3

'19.1-30.6
Various serpentine soil natural 30-79
Oats sandI/loam control 36.9

nitrate compound 67.4
sandyaoil control 20.8

nitrate compound 46.4
organic soil control 72.9

nitrate compound 122.2
Eucalyptus sand control 0

sulfate 50-200 ug/3kg
sulfate 600-1200 ug/3 kg

sand control 0
sulfate 50-200 ugl3kg
sulfate 600-1200 ug/3 kg

sand control 0
sulfate 50-200 ug/3kg
sulfate 600-1200 ug/3 kg

Wheat sand control 0
sulfate 50-200 ug/3kg
sulfate 600-1200 ug/3 kg

Highbush blueberry peat control
low MnCI2 4 g/pot
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name lant tissue concentration
normal I toxic

~. 111'\~M"'I'

Red clover

Grass

Alfalfa & Red clover

Wheat

Dwarf beans

Various
Oats

Eucalyptus

Whaat

Highbush blueberry

200·425

1364

226·300
226-500

visual/yield necrotic,purple/2% shoot weight
visual/yield necrotic,purple/4% shoot weight

visual/yield necrotic,purple/26% shoot weight
visual/yield nacrotic,purple/29% shoot waight

visual/yield necrotic,purple/3ll(, shoot waight
visual/yield nacrotic,purplel16% shoot weight

visual/yield necrotic,purple/5% shoot weight
visual/yield necrotic,purple/8% shoot weight

E-148
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TAstE E-4. Z1INtC PHYTOTOXICITY DATA (oon't)

'IPls,"t NS:S 1= .!Xge IPhYtot~~ICltY:Ptom. : Irefe,renc; ~.
v

.,.J .. " q--'

Red clover

Grass

Alfalfa & Red clover

Wheat

Dwarf beans

Various
Oats

Eucalyptus

Wheat

Highbush blueberry

visual

yle,ld

yield
yield

phytotoxic

71.4% yield reduction

20-30% reduction in shoot length
20·55% reduction In shoot length

E-149

78
78
78
78
78
78
78
78
147
147
147
147
142
142
142
243
243
243

5
17
17
17
17
17
17
51
51
51
51
51
51
51
51
51
51
51
51
87
87
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Name IScientific IVariety I I c:Name

Corn Zea mays Asgrow UH7 whole greenhouse 6.3

5.9
6.5

Lettuce Lactuca sativa Grand Rapids Forcing whole greenhouse 6.3
5.9
6.5

Barley Hordeum vulgare straw field 6.0-7.4

4.5-5.5

Oats Avena sativa Garry straw field 5.09
5.84

6
Soybean Glycine max Clark shoots I field 6.9

6.6
6.4

5.9-7.4
7.0-7.7
6.9-7.6
5.8-7.1
5.7-6.0
5.1-5.3
6.4-6.6
5.7-5.9

Sunflower Helianthus annuus 894A whole field 7.2-7.4

6.0-6.3

8.4

6.0-6.2

Barley Hordeum vulgare Mariout grain field 5.3
4.7-4.9
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TABILE E-4. ZINC PHYTOTOXfCITY DATA (oo,n't)

if'hl'Oit Nllmo SoU Typo Troatmont CooollntnrUon i,n .,01,1 Lollding rlto

high MnCI2 8 g/pot
Corn Grenvi'lhl loam contro,1 0·480 ppm

fertilized 0·480 ppm
sludge 0-480 +18 ppm

Rideau clay sludge 0-480 +18 ppm
Rideau clay sludge + lime 0-480 +18 ppm

Lettuce Gre'nville loam sludge 0-480 +18 ppm
Rideau clay sludge 0-480 +18 ppm
Rideau clay sludge + lime 0-480 +18 ppm

Barley Dublin loam Pacheco sludge control 0
low sludge 21.6-64.8 kglhe
high sludge 86.4-108 kglhe

Dubl,in loam Oakland sludge control 0
low sludge 172.8-518.4 kg/he
high sludge 691.2 kg/ha

Oats .peat CuS04 54 0
muck CuS04 85 0

mucky peat CuS04 46 0
Soybeen Sassafras sandy loam control 0

Sassafras sandy loam sludge 246.4 kglha
Sassafras sandy loam sludge 492.8 kg/he

Christiane fine sandy loam control 0
Christiane fine sandy loam limed-digested 35.8-286.3 kg/he
Christiana fine sandy loam limed-raw 33.5-134.2 kg/ha
Christiana fine sandy loam limed-compost 40.9-491.2 kg/ha
Christiana fine sandy loam heated sludge 74.5-297.9 kglha
Christiana fina sandy loam heeted sludge 74.5-297.9 kg/ha
Christiane fine sendy loam Nu-Earth 207-414 kg/ha
Christiane- fine sandy loam Nu-Earth 207-414 kg/he

Sunflower irrigated loemy fine sand control 0
Zn sulfate 5 kg/ha

dry loamy fine sand control 0
Zn sulfate 5 kg/ha

dry fine sandy loam control 0
Zn sulfate 5 kg/ha

irrigated fine sand control 0
Zn sulfate 5 kglha

Barley Dublin loam Oakland sludge control 0
Dublin loam low sludge 176-352 kg/ha
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name lant tiss'ue concentration
normal toxic

40-54
Corn 48·709

28-292 436
28-260
37-190 469
21-107

Lettuce 75-159 259-578
87-241 417-1821
61-217

Berley 30.5-97.6
43.7-92.7
41.5-89.3

37.1-116.0
76.2-461.6
113.0-820.1

Oats 54.9-66.5
43.1-53.7
65.4-76.2

Soybean 24-26
80-103
134-165

29-70
35-46
31-37
40-54
57-62

85-153
70-74
81-95

Sunflower 42
54
39
48
22
24
56
67

Barley 38
46-47

i
E-152 l



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

toms

l, ."~I\IlllaiJ.

Corn

Lettuce

Barley

Oats

Soybean

Sun,n,owe'f

a.doy

yield

yield

yield
yield

20% yield reduction

12% yield reduction

32-81 % yie,ld reduction
54.7-95% yield reduction

!-1153

87
146
146
146
146
146
146
146
146
245
245
245
245
245
245

7
7
7

89
89
89
89
89
89
89
89
89
89
89
93
93
93
93
93
93
93
93
246
246



TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl

Plant Name IScientific IVariety IParts I IName

4.4-4.5
5.3

6.4-6.5
6.5-6.6

Oats Avena sativa Clintford stover field 5
6.5
6.7
5.4
6.7

Wheat Triticum aestivum Potomac stover field 5
6;5
6.7
5.4
6.7

Chard Beta vulgaris Fordhook Giant SWiSll ·whole field 5'

6.5
6.7
5.4
6.7

Snapbeans Bush Blue Lake 47 field 6.6

6.7

6.7

Bush bean Phaseolus vulgaris Tender crops beans pots 5
5.3

Cabbage Brassica oleracea Golden Acre leaves pots 5
5.3

Carrots Daucus carota Scarlet Nantes tubers pots 5
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Nama Soil Type Treatment Concentration in soil Loading rate

Dublin loam high sludga 528~704 kg/ha
Dublin loam Pacheco sludge control 0
Dublin loam low sludge 19.8-39.6 kj/ha
Dublillioam ' high sludge 59.4-9~ kg/ha

I··
t

• ." Oats .1." Galestown Evesboro I,oamy sand control DTPA: 3.7
Galestown Evesboro loamy sand, control + lime 3.4
Galestown Evesboro loamy sand limed-raw 4.2
Galestown Evesboro loamy sand digested 10.2
Ga,lestown Evesboro loamy sand limed-digested 14.5

Wheat Galestown Evesboro loamy sand control DTPA: 3.7
Gelestown Evesboro loamy sand control + lime 3.4
Galestown Evesbo,ro loamy sand limed-raw 4.2
Galestown Evesboro loamy sand digested 10.2
Galestown Evesboro loamy sand limed-digested 14.5

Chard Gelestown Evesboro loamy sand control DTPA: 3.7
Galestown Evasboro loamy sand control + lime 3.4
Galestown Evesboro loamy sand limed-raw 4.2,
Ga,lestown Evesboro loamy sand digested 10.2
Ga,lestown Evesboro loamy sand limed-digested . 14.5

Snapbeans Pope silt loam control 0
ZnS04 5.6-11.2 kglhe
ZnCI2 11.2 kglha
ZnO 11.2 kg/ha

Zn chelate 11.2 kg/he
Chenango silt loam contro,1 0

ZnS04 5.6-11.2 kglhll
ZnCI2 11.2 kglhll
ZnO 11.2 kglhll

Zn che,lllte 11.2 kglhll
Leak KUI Channery silt I,oam contro,1 0

ZnS04 5.6-11.2 kglhe
ZnCl2 11.2 kglh,1I
ZnO 11.2 kglhll

Zn chlll,la,te 11.2 kglhll
Bushbe'IIIIA Arkpo,rt fine SlInd I,oem p,elllt 162

Arkpo,rt filne se·nd losm sludg,e 357
ClIlobsg. Arkpo,rt filne SlIIlnd I,oem po,st 162

Arkpo.rt fiI~, sind loem sludg.s 357
CIII'ftola Arkpo,rt fil'oll S'1II1nd I,o,em p'IIl'III't 182
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l .I"llah,tlll.. ,

Plaht Name

Oats

Wheat

Chard

Snapbeans

Bush bean

Cabbage

Carrots

TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl

lant tissue concentration
normal I toxic

65-70
31

31-32
35-39
35.3
20.5
5.3

171.2
,71.4

42.8 "
42.2
5.3

76.4
69.7
142
158
53

322
254
32

44.0-62.4
51.6
45.8
34.6
21.2

19.8-24.4
23

22.2
20.6
22

22.4-24.2
24.8
23.2
23.2
44
79

68-204
1086-1640

122
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TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

,\"~«,~ll_

Plant Nama

Oats

Wheat

Chard

Snapbeans

Bush blmn

Cabblllg'l

ClIl<rfO,t.

toms

60157

246
246
246
246
214
214
214
214
214
214
214
214
214
214
214
214
214
214
214
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
68
68
68
68
68



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

ant Name IScientific IVariety IParts

Name

5.3

Millet Echinochloa crusigalli Japanese edible tissue pots 5
5.3

Onions Allium cepa Downing Yellow Sweet fruit pots 5

Spanish 5.3

Potatoes Solanum tuberosum Katahdin tubers pots 5
5.3

Tomatoes Lycopersicon esculentum Vendor fruit pots 5
5.3

Cocoa Theobroma cacao Amazon seedlings pot 6.4

Amelonado seedlings pot 6.4

Bush baans Phasaolus vulgaris Contender leaves solution 5

4

C~lery

,Perennial ryegrass

Wheat

Lettuce

Cabbage

Apium gravaolens

Lolium parenne

Triticum' aestivum.

Lactuca sativa

Brassica Parachinensis

Utah 52-70

Melle

HDM 1553

Climax

flowering Chinese

E-158

leaves

leaves

stem

leaves

fiald

pot

field

solution

pot

6.88
5.68
6.91

7

8

6.2

6.35
5.8<6.32

5.82-6.27
6.55-7.32
6.18-7.33

~



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name Soil Type Treatment Concentration in soil Loading rate

Arkport fin!! sand loam sludge 357
Millet Arkport fine sand-loam peat 162

Arkport fine sand loam sludge 357
Onions Arkport fine sand loam peat 162

Arkport fine sand loam sludge 357
Potatoes Arkport fine sand loam peat 162

Arkport fine sand loam sludge 357
Tomatoes Arkport fine sand loam peat 162

Arkport fine sand loam sludge 357
Cocoa sandy loam control 0

ZnS04 5.0-10.0
ZnS04 20·50

sandy loam contml 0
ZnS04 5.0-10.0
ZnS04 20·50

Bush beans Hoaghmds solution control 2 uM/14 I
low ZnS04 6.6 uM/141

msdium ZnS04 9.6 uM/141
high ZnS04 13.5 uMI141

Celery muck soil control 190
muck soil- high metal soil 287
muck soil limed high metal soil 265

Perenniel ryegraSB Sutton sandy loam control 148
low sludge 309·446 342 kg./ha

medium sludge 707-1307
high sludge 1979

Whee,t clay control 22.2 0
50% sludge 34.6
66% sludge 80
100% sludge 85.2

10 ton/he sludge 47 5.62 kglhe
20 tontha sludge 81.8 11.24kgtha

Lettuce Hoagland 10lutIon

ClIIbba,g,. rodve,!II,ow pod201 loil control 68
redye'l(.ow podzol 101 activated .Iudg'lI 51.0-82.0
rodyell,ow podzol sol digested IlIudQlI 81.0-204.5
rodyO>1low p,odzol.,of/ chicke,n mll'nuro 8.33-55.5
rodyollow pod.zoll'of/ plgmaiflure 55.75-70.2:5

•
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TABLE E·4. ZINC PHYTOTOXICITY DATA (con't)

Plant Nama lant tissue concentration
normal I toxic

Millet

Onions

Potatoes

Tomatoes

Cocoa

Bush beans

30
20·24

20
16-18

56
290
491
288
174
34
35

18.1
17.4

visual
visual

46·54
visual
visual

36-76
70
115

150
160

sickle shapes leaves
sickle shapes leaves

sickle shapes leaves
sickle shapes leaves

Celery

Perennial ryegrass

Wheat

Lett.uce

Cabbage

77
92
86
89
140

76.38
84.86
94.86
117.61

91.1
104.54

<63 uegJl
450-500

300
250-400
125-300
100-125

143-186
247-390

425·

>63 uegJl
500-525

480-1470
500

E-160
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Plant Name

TABLE E·4. ZINC PHYTOTOXICITY DATA (con't)

68
Millet 68

68
Onions . , 68

{J .. >-1")·

68
Potatoes 68

68
Tomatoes 68

68
Cocoa 39

39
39
39
39.,
39

Bush beans . 205
205

yield 21 % growth reduction in leaves 205
yield 21% growth reduction in leaves 205

Celery 16
16
16

Perennial ryegress 50
yie,ld 0-10% reduction 50
yield 10-40% reduction 50
yie,ld 40·60% reduction 50

Wheat 29
29
29
29
29
29

Lettuoe yie,ld 60% reduoed root I,jmgth 10
yield 10% yie,ld roduction 9

Cabba,go 36
visual sme!'I,sho,rt,voung budding s'tlll,ge 36
visu,.l o'pa,C!'U,e QifIIl,A!'ua,te dll'Posits 36

36
3,6

E-161
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TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

Plant Name Scientific
Name

Variety Parts

Wheat Triticum aestiwm WH-147 whole pots 7.9

Corn Zea mays shoot greenhouse

l 111~llah.I •• ,.•

Barley Hordeum vulgare UC 566 tops greenhouse 7.9

5

Brittlebush Encelia fannasa leaves greenhouse 7.9

5

Wheat Triticum aestiwm tops pots 5.0-5.5

6.1.-S.3

7.5-S.0

Corn Zaa mays Early American shoots _pot

1:-162
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name Soil Type Treatment Concentration in soil Loading rata

" Wheat loamy sand soil control 0-.01 kg/ha
farm yard menure .25-1.2 kglha

dhaincha .1-.6 kg/ha
wheat straw .04-.36 kglha

Corn Chalmers Indiana control 0
sludge 340 kg/ha

Celina Michigan control 0
sludge 340 kglh8

Celina Ohio control 0
sludge 340 kglh8

Plano Wisconsin control 0
sludge 340 kglh8

Barley Arizo sandy 108m control
fly ash 2-8%

Red!1ing loam control
fly ash 2-8%

Brittlebush Arizo sandy loam control
fly ash 2-8%

Redding loam control
fly ash 2-8%

Wheat Orentano histosol contro,1 208.8
fly ash 2% 181
fly ash 5')(. 183

Lamporacchio fluviso,1 contro,1 169.1
fly ash 2% 143
fly ash 5% 143.1

Guardia ragosol control 64.6
fly ash 2')(. 88.8
fly ash 5% 110

Corn Low ca'rbonale clay loam oonlrol 0
lowZnS04 2.5 mglkg

mlKlium ZnS04 5 mg.lkg
high ZnS04 10 mglkg

medium om,rbonlllUI nndilv I'oam oo,nlro,1 0
l,owZnS04 2.5mglkg

medium ZnS04 5 mgJkg
hj,ghZnS04 10mglkg

hj,gh oa,mo,nlllle c1>ay I,oam oo-o'lrol 0
low ZnS04. 2.5mglkg

E-163
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Plant Name

Wheat

Corn

Barley

Brittlebush

Wheat

Corn

TABLE E-4. ZINC PHYTOTOXICITY DATA {con't}

lant tissue concentration
normal I toxic

14.30-61.97
18.11-70.07
17.64-72.93
13.82-51.92
1.33 umol/g
6.10 umol/g
1.24 umollg
2.91 umollg
1.44 umollg
2.15 umollg
2.38 umollg
5.46 umollg

280-325
50-110

125-140
80-85

290-320
100-150
200-270
120-170

51.9
51.2
47.8
34.4
33.2
32.9
36.3
35.4
33.4
183
224
333
460
118
171
238
293
53
84
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

Plant Name

Wheat

Corn

Barley

Brittlebush

Wheat

Com

toms

195
195
195
195
171
171
171
171
171
171
171
i7i
63
63
63
63
63
63
63
63
186
186
186
186
186
186
186
186
186
178
178
178
178
178
178
178
178
178
178

,c

1. ••"II!l'<Illt.
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TABLE E-4. ZINC PHYTOTOXICITY DATA (can't)

,t Name Scientific
Name

Variety Parts

Mol 17 x H98

"

Oh545 x B73

leaves

leaves

field

field

7.4

. 7.4

Pioneer 3369A whole pot 6.6-6.7
6.2-6.6
5.8~6.4

6.~-6.4

6.1-6.3
6.5-6.6
6.2-6.3
6.2-6.4
6.3-6.5
6.3-6.4
6.4-6.5
5.7-6.2

6.4
6.3

6.1-6.5
6.2-6.4
6.2-6.3
6.0-6.6

Highbush blueberry Vaccinium corymbosium Blueray whole pot 3.8-4.0
4.6-5.0
5.4-6.4
3.8-4.0
4.6-5.0..
5.4-6.4
3.8-4.0
4.6-5.0
5.4-6.4

Corn Zea mays FRM017 x H98 shoots greenhouse 5.5-7.1
7.0-7.4

E-166
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

lant Name Soil Type Treatment Concentration in soil Loading rate

medium ZnS04 5.mg/kg
high ZnS04 10 mg/kg

Blount silt loam control 73-79 0
. ",4 sludge 200-268 634-722 kglha

I" ~ • .. ~ I" I
1/2 sludge 321-390 1269-14:46 kg/ha
max sludge 537-606 2537-2891 kg/ha

Blount silt loam control 73-79 0
1/4 sludge 200-268 634-723 kg/ha
1/2 sludge 321-390 '1269-1446 kglha
max sludge 537-606 2537-2891 kglha

Rutledge control 0
Rutledge ZnS04 - 457-470 kg/ha
Rutledge sludge 457-470 kg/ha
Evesboro control 0
Evesboro ZnS04 - 457-470 kglha
Evesboro sludge 457-470 kg/ha
Downer contro,1 0
Downer ZnS04 - 457·470 kg.lha
Downer sludge 457·470 kglha

Collington control 0
ColUngton ZnS04 - 457·470 kglha
CoUington sludge 457·470 kglha

Manor control 0
Manor ZnS04 - 457-470 kglha
Milnor sludg,e 457·470 kglha

MyenlVilile control 0
MversviUe ZnS04 - 457·470 kglhll
Myersville sludge 457·470 kglhll

Highbush blueberry Tempelton sUt loam contrDt
Templl,uon sUfloam con,trol
Temp'Il,lton sUt loam oontro,1
Templl,lto,n sUt loem ZnS04 4glm3
Temp'Il,I'ton silt I,oem ~nS04 4g/m3
Tempel;ton sll,t loem ZnS04 4g/m3
Temp·e,lton rilt I,oem ZnS04 a g/m3
Tempelto,n.ilt I,oem ZnS04 8 g,/m3
Temp~t.o'n silt l,o'Bm loS04 8 glm3

Com v.dou,1 control 36-120
v.dolts cOAtrol + limo

&-167
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con'tl

Name lant tissue concentration
normal I toxic

Highbush blueberry

Corn

98
123

15.9-19.3
51.6-56.5
77.6-89.3
138-173

13.7-14.8
39.9-49.2
61.3-76.0
118-139

17-23
81

71-122
18-19
152

46·60
17·19

123-145
65-72
14-17

131-175
80-107
15-18

113-144
70·85
15-17

86-100
76·95
32-36
42-47
26-39
45-47
50·55
30-47
57-59
56-62
34-51
22·108
28-74

166

350

E-168
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TABLE E·4. ZINC PHYTOTOXICITY DATA (con't)

I\.

Plant Name

toms

""" tt\~~lI~.

Bighbush blueberry

Com

yield

yield

E-l&9

40% reduction

53% reduction

178
178
98
98
98
98
98
98
98
98
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
86
86
86
86
86
86
86
86
86
151
151



TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

It Name

-'.1

Swiss chard

Ryegrass

Scientific
Name

Beta wl,garis

Variety

Fordhook Giant

S24

E-170

Parts

3.6-7.5
5.8-7.3

greenhouse . 5.5-7.1
7.0-7.4
3.6-7.5
5.8-7.3

pots 4.7-5.8
6.0-7.8
4.9-5.7
5.9-7.3
4.7-5.8
6.1-7.2
4.6-5.6
6.0-7.4
5.3~6.0

6.2-7.3
4.9-5.2
6.0-7.4
4.9-5.5
5.8-7.2
5.5-5.6
6.2-7.0
4.9-5.5
5.9-7.3
5.3-5.7
6.3-7.2

~.
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

lant Name Soil Type Treatment Concentration in soil Loading rate

variqus sludge 90-500
various sludge + lime

Swiss chard various control 36-120
various control + lime
various sludge 90-500
various sludge + lime

Ryegrass silty clay loam no sludge 57
silty clay loam no sludge 57
silty clay loam low metal sludge 86
silty clay loam low metal sludge 86
silty clay loam Zn sludge 470
silty clay loam Zn sludge 470
silty clay loam Cu sludge 70
silty clay loam Cu sludge 70
silty clay loam Ni sludge 86
silty-clay loam Ni sludge 86

sandy/oam no sludge 42
sandy loam no sludge 42
sandy/oam low meta,1 sludge 64
sandy loam I,ow metal sludg,e 64
sandy loam Zn sludge 360
sandy loam Zn sludge 360
8a:ndyloam Cu sludge 57
8andyl,oam Cu sludge 57
sandy/oam Ni sludg,e 80
sandy loam N,j sludge 80

.'
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TABL~ E-4. ZINC PHYTOTOXICITY DATA Ccon'tl

Name lant tissue concentration
normal I toxic

\ ,u.. , ~I. ''" .

Swiss chard

Ryegrass

68-726
68-232
53-159
32-46

78-1810
51-142
47-49
31·43

152-204
57-111
1190

389-945
156-170
63-120
124-150

60-91
30-34
25·42

120-143
61-137

1240-1525
443·1140
188-210
63-142
110-183

51-92

2840
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TABLE E-4. ZINC PHYTOTOXICITY DATA (con't)

i'.

I" ~ ~ 1-' I

nt Name

Swiss chard

Ryegrass

yield

toms

none mentioned

none mentioned

50-100% yield reduction

5-173

151
151
151
151
151
151
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210
210

L .,',',........



PHYTOTOXICITY REFERENCES

1) Allen, Herbert E., Richard H. Hall, and Thomas D. Brisbin.1980. Metal Speciation. Effects on Aquatic
Toxicity. Environ. Sci. Technol. ~4 (4): 441-442. . .

2) Anderson, A., and K. O. Nilsson.1972. Enrichment of Trace Elements from Sew~ge Sludge Fertilized
in Soils & Plants. AMBIO 1 :176-179. . .

3) Antonovics, J, A. D. Bradshaw, and R. G. Tumer.1971. Heavy Metal Tolerance in Plants. Advances in
Ecological Research 7 :1-85. . .

4) Aschmann, S. G., and R. J. Zasoski.1987. Nickel and rubidium .:uptake by whole oat plant in solution
culture. Physiologia Plantarum 71 :191-196.

5) Babalonas, Dimitrios, Stylianos Karataglis, and Vasilios Kabassakalis.1984. The Ecology of Plant
Populations Growing on Serpentine Soils. Phyton 24 (2) :225-238.

6) Beckett, P.H.T., and R. D~ Davis.1988. Upper Critical levels of Toxic Elements in Plants. New Phytol.
79 :95-106. .

7) Belanger, A., M. Levesque, and S. P. Mathur.1986. The Effect of Residual Copper Levels on the
Nutrition and Yield of Oats Grown in Microplots on Three Organic Soils. Commun. in Soil Sci. Plant·
Anal. 17 (1) :85-96.

8) Berrow, M. L., and G. A. Reaves.1985. Extractable Copper Concentrations in Scottish Soils. Journal of
Soil Science 36 (1) :31-43.

9) Berry, Wade L., and Arthur WalIace.1989. Zinc Phytotoxicity: Physiological Responses and Diagnostic
Criteria for Tissues and Solutions. Soil Science 147 (6) :390-397.

10) Berry, Wade L., and Arthur Wallace.1989. Interaction of the Yield Response Surface of Lettuce with
High and Toxic Concentrations of Zinc and Nickel. Soil Science 147 (6) :398-400.

11) Biddappa, C. C, H. H. Khan, O. P. loshi, and P. Manikandan.1988. Effect of Heavy Metal on
Micronutrient nutrition of Coconut. Current Science 57 (20) : 1111-1113.

12) Bidwell, AM., and R.H. Dowdy.1987. Cadmium and Zinc Available to Com followipg Termination of
~ Sewage Sludge Application. Journal of Environmental Quality 16 (4) :438-442. .

13) Bingham, F. T., A.L. Page, RJ. Mahler, and T. J. Ganje.1976. Yield and Cadmium Accumulation of
Forage Species in Relation to Cadmium Content of Sludge-amended Soil. Journal of Environmental
Quality 5 (1) :57-60.

14) Bingham, Frank T.1979; Bioavailability of Cd to Food Crops in Relation to Heavy Meatl Content of
Sludge-Amended Soil. Environmental Health Perspectives 28: 39-43.

E-174

~

..;j

i..
....l



15) Bingham, F. T., A L. Page, G. A. Mitchell, and J. E. Strong.1979. Effects of Liming on Acid Soil
Amended with Sewage Sludge Enriched with Cd,Cu, Ni, and Zn on Yield and Cd Content of Wheat
Grain. Journal of Environmental Qualitt 8 (2): 202-207.

16) Bisessar, S.1989. Effects of Lime on'Nickel Uptake and Toxicity in Celery Grown on Muck Soil
ContamInated by a Nickel Refinery. The Science of the Total Environment 84 :83-90.

17) Bjerre, Gerda Krog, and Hans-Henrik Schierup.1985. Uptake of six heavy metals by oat as influenced
by soil type and additions of cadmium~ lead, zirtc, and copper. Plant and Soil 88 :57-69.

18} Boggess, Sam F., John J. Hassett, and D. E. Koeppe.1978. Effect of soil phosphorus fertility level on
the uptake of cadmium by maize. Environ. Pollut. 15 :265-270.

19) Bolton, J.1975. Liming Effects on the Toxicity of Perennial Ryegrass of a Sewage Sludge
contaminated with Zinc, Nickel, Copper, and Chromium. Environ. PoBut. 9 :295-304.

20) Boyle, John F., and Cyril B. Smith.1985. Growth and Leaf Elemental Composition of Snapbeans as
Affected by Applied Zinc and Interacting Fertilizers. Commun. in Soil Sci. Plant Anal. 16 (5) :501-507.

21) Brown, Patrick H., Ross M. Welch, Earle E. Cary, and Ron T. Checkai.1987. Beneficial Effects of
Nickel on Plant Growth. Journ. of Plant Nutrition 10 (9-16) :2125-2135.

22) Burton, K. W., E. Morgan, and A. Roig.1984. The influence of heavy metals upon the growth of
sitka-spruce in South Wales forest. II. Greenhouse experiments. Plant and Soil 78 : 271-282.

23) Burton, K. W., E.-Morgan, and A. Roig.1986. Interactive effects of Cadmium, Copper, & Nickel on
the growth of Stika spruce & studies of metal uptake from nutrient solutions. New Phytologist 103
(3):549-557.

24) Campbell, W. F., R. W. Miller, J. H. Reynolds, and T. M. Schreeg.1983. Alfalfa, Sweetcom, and
Wheat Responses to Long-Term Application of Municipal Waste Water to Cropland. Journal of
Environmental Quality 12 (2) :243-248.

25) Carlson, R. W., F. A. Bazzaz, and G. L.'Rolfe.1975. The Effects of Heavy Metals on Plants: n. Net
Photosynthesis & Transpiration of whole corn & Sunflower Plants treated with Pb, Cd, Ni, & 11. Envir.
Res. 10 (1) :113-121.

26) Carlson, Roger W., and F. A. Bazzaz.1977. Growth reduction in American Sycamore(Plantanus
occidentalis L.) caused by Pb-Cd i.nteraction. Environ. Pollut. 12 :243-253.

27) Cataldo, D. A, and R. E. Wildung.1978. Soil and Plant Factors Influencing the Accumulation of
Heavy Metals by Plants. Environmental Health Perspectives 27 :149-159.'

28) Cha, J. W., and A WalIace.1989. Interactions involving Copper Toxicity & Phosphorus deficiency in
Bush Bean Plants grown in solutions of high and low pH. Soil Sci. 147 (6) :430-431.

E-175

A,.
i.
,J



~:a;

29) Chakrabarti, C., and T. Chakrabarti.1988. Effects of Irrigation with Raw and Differentially Diluted
Sewage and Application of Primary Settled Sewage Sludge on Wheat Plan~ Growth Crop Yield, Enzynatic
Changes and Trace Element Uptake. Environmental Pollution 51 :219-235.

30) Chang, A. C., A. L. Page, and F. T. Bingham.1980. Re-utilization of municipal wastewater sludges­
metals and nitrate. Journal Water Pollution Control Federation 5.3 (2): 237-245.

31) Chang, A. C., A. L. Page, K. W. Foster, and T. E. Jones.1982. A Comparison of Cadmium and Zinc
Accumulation by Four Cultivars of Barley Grown in Sludge-Amended Soils Journal of Environmental
Quality 11 (3) :409-412.

32) Chang, A. C., A. L. Page, and F. T. Bingham.1982. Heavy Metal Absorption by Winter Wheat
Following Terminatio~ of Cropland Sludge Applications. Journal of Environmental Quality 11 (4)
:705-708~ .

33) Chang, A. C., A. L. Page, J. E. Warneke, M. R. Resketo, and T. E. Jones.1983. Accumulation of
Cadmium and Zinc in Barley Grown on Sludge-Treated Soils: A Long-Term Field Study:. Journal of
Environmental Quality 12 (3) :391-:.397.

34) Chang, A.C., A.LPage, and J.E. Warneke.1987. Long-term Sludge Applications ·on Cadmium and
Zinc Accumulation in Swiss Chard and Radish. Journal of Environmental Quality 16 (3) :217-221.

35) Chapman, H. D. (ed.) 19.66. Diagnostic criteria for plants and Soils. 2nd Ed. Quality Printing Co.,
Inc., Abilene, TX.

36) Cheung, Y. H., and M. H. Wong.1983. Utilisation of Animal Manures and Sewage Sludges for
Growing Vegetables. Agricultural Wastes 5 :63-81.

37) Christensen, T. H., and J. C. Tjell.1984. Interpretation of experimental results on cadmium crop
uptake from sewage sludge amended soil. Symposium in processing and use of sewage sludge. ed. L
Hermite, P. Jett, and H. J. Derdrecht. Netherlands: D. Reidel Publishing Company. 358-369.

38) Chu, L. M., and M. H. Wong.1984. Application of Refuse Compost: Yield: & Metal Uptake of three
Different Food Crops. Conserv. & Recycl. 7 (2-4) :221-234.

3Q) Chude,V. 0., and G. O. Obigbesan.1983. Effect of Zinc Application on the Dry Matter Yield Uptake
and Distribution of Zinc and Other Mirconutrients in Cocoa. Commun. in Soil Sci. Plant Anal. 14 (10)
:989-1004.

40) Coker, E. G., and P. J. Matthews.1983. Metals in Sewage Sludge & their Potential Effects in
Agriculture. Wat. Sci. & Tech. 15 :209-225,

41) Combs, S.M., R. H. Dowdy, S. C. Gupta, W.E. Larson, and R. G. Gast.1983. The Agricultural
Potential of Dredged Materials as Evaluated by Elemental Composition of Growing Plants. Journal of
Environmental Quality 12 (3) :381-387.

E-176

,
..;;

~

....



42) Coppola, S., S. Dumontet, M. Pontonio, G. Basile, and P. Marino.1988. Effect of Cadmium-bearing
Sewage Sludge on crop plants and microorganisms in two different soils. Agriculture, Ecosystems and
Environment 20 :181-194.

43) Cottenie, A, L. Kiekend, and G. Van Landschoot.1983. Problems of the mobility and predictability of
heavy metal uptake by plants. Processing Sewage Sludge Third International Symposium, Brighton. Sept
27-30:124-131.

44) Cunningham, J.D., J.A. Ryan, and D.R. Keeney.1975. Phytotoxicity in and Metal Uptake from Soil
Treated with M~tal-Amended Sewage Sludge. Journal of Environmental Quality 4 (4) :455-460.

, 45) Cunningham, J.D., J.A. Ryan, and D.R. Keeney.1975. Phytotoxicity and Metal Uptake of Metals
Added to Soils as Inorganic Salts or in Sewage Sludge. Journal of Environmental Quality 4 (4) :460-462.

46) Daniels, R. R., B. Esther Struckmeyer, and L. A. Peterson.1972. Copper Toxicity in Phaseolus vulgaris
as influenced by Iron Nutrition; I. Anatomical Study. Amer. Soc. Hort. Sci. J. 97 (2) :249-254.

47) Daniels, R. R., B. Esther Struckmeyer, and L. A. Peterson.1973. Copper Toxicity in Phaseolus
Vulgaris as Influenced by Iron Nutrition. II. Elemental & Electron Mircoprobe Analyses. Amer. Soc. Hort.
Sci. J. 98 (1) :31-34.

48) Daniels, R. R., and B. Esther Stmckmeyer.1973. Copper Toxicity in Phaseolus vulgaris as influenced
by Iron Nutrition. Ill. Partial alleviation by succinic acid 2,2-dimetWyhydrazide. Arner., Soc. Hort. Sci. J. 98
(5) :449-452.

49) Davis, R. D. and P. H. Beckett.1978. Upper Critical Levels of toxic Elements in Plants. II. Critical
Levels of Copper in Young Barley, Wheat, Rape, Lettuce & Ryegrass, and of Nickel & Zinc in young
Barley & Ryegrass. New Phytologist 80 (1) :23-32. .

50) Davis, R. D., and C. H. Carlton-Smith.1984. An Investigation into Phytotoxicity of Zinc, Copper, and
Nickel Using Sewage Sludge of Controlled Metal Content." Environmental Pollution series B 8 :163-185.

51) Dell, B., and S. A. Wilson.1985. Effect of zinc supply on growth of three species of Eucalyptus
see,dlings and wheat. Plant and Soil 88 :377-384.

52) Denny, H. J. and D. A Wilkins.1987. Zinc Tolerance in Betula spp. I. Effect of external concentration
on Zinc on growth and uptake. New Phytologist 106 (3) :517-524.

53) De Vries, M.P.C., and K. G. TilIer.1978. The effect of sludges form two Adelaide sewage treatment
plants on the growth of and heavy metal concentration in lettuce. Australian Journal ofExperimental
Agriculture and Animal HusbandJY 18 :143-147. '

54) De Vries, M.P.C., and K. G. Tiller.1987. Sewage Sludge as a soil amen~ent with special reference to
Cd, Cu, Mn, Ni, Pb, and Zn comparison of results from experiments conducted inside and outside a
grasshouse. Environ Pollut. 16 :231-240.

·55) Dijkshoorn, W., and J. E. M. Lampe.1975. Availability for ryegrass of cadmium and zinc form
dressings of sewage sludge. Neth. J. Agric. Sci. 23 :338-344.

E-177

/

j
:l!..
..r



56) Dowdy, R. H., and W. E. Larson.1975. The Availability of Sludge-borne Metals to Various Vegetable
Crops. Journal of Environmental Quality 4 (2) :278-282.

57) Dowdy, R. H., and G. E. Ham.1977. Soybean Growth and Elemental Content as Influenced by Soil
Amendments of Sewage Sludge and Heavy Metals: Seedling Studies. Agronomy Journal 69 :300-303.

58) Dowdy, R. H.,W. E. Larson, J. M. Titrud, and J. J. Latterell.1978. Growth and Metal Uptake of Snap
Beans Grown on Sewage Sludge-amended Soil: A Four Year Field Study. Journal of Environmental
Quality 7 (2) :252-257.

59) Dowdy, R. H., P. K. Morphew, and C. E. Clapp.1981. The relationship between the Concentration of
Cadmium in Com Leaves and Com Stover Grown on Sludge Amended Soils. In Proc. Fourth Ammual
Madison Conf. Appl. Res. Pract. Munic. Ind. Waste Univ: Wisconsin--Extension. 466-477.

. . .

60) Dudas, M. J., and S. Pawluk. 1~75. Trace Element in Sewage Sludge & Metal Uptake by Plants
Grown on Sludge Amended Soils. Can. J. Soil Sci. 55 :239-243.

61) Eleftheriou, E.P., and S. Karataglis.1989. Ultrastructural and Morphologgical Characteristics of
Cultivated Wheat Growning on Copper-Polluted Fields. Botanica Acta 102 :134-340. '.

62) Elliott, Herschel A., and Leslie M. Singer.1988. Effect of Water Treatment Sludge on Growth and
Elemental compostion of Tomato Shoots. Commun. in Soil Sci. Plant Anal. 19 (3) :345-354.

f,

63) Elseewi, Ahmed A, I. R. Straughan, and A. L Page.1980. Sequential Cropping of Fly Ash-Amended
Soils: Effects on Soil Chemical Properties and Yield and Elemental" Composition of Plants. The Science
of the Total Environment 15 :247-259.

64) Flowers, T. J., and A. R. Yeo.1986. Ion Relations of Plants under Drought and Salinity. Aust. J. Plant
Phvsiol. 13 :75-91.

65) Foy, Charles D., Edward H. Lee, and Stephanie B. Wilding.1987. Differential Aluminum Tolerances
of Two Barley Cultivars Related to Organic acids in their roots. Journal of Plant Nutrition 10 (9-16)
:1089-1101. .

66) .-Foy, C. D., D. H. Smith, Jr., and L W. Briggle.1987. Tolerances of Oat Cultivars to an acid soil high
in.Exchangeable Aluminum. Journal of Plant Nutrition 10 (9-16): 1163-1174.

67) Francois, L E.1986. Effect of Excess Boron on Broccoli, Cauliflower, & Radish. J. Amer. Soc. Hort.
Sci. 111 (4) :494-498.

68) Furr,A. Keith, William C. Kelly, Carl·A. Bache, Walter H. Gutenmann, and Donald J. Lisk.1976.
Multielement Absorption by Crops Grown in Pots on Municipal Sludge-Amended Soil. J. AWc. Food
Chern. 24. (4) :889-892.

69) Furr, A. K., T. F. Parkinso~, D. C. Elfving, C. A. Bache, W. H. GQtenmann, G! J. Doss, and D. J.
Lisk.1981. Elemental Content ofVegetables & Apple Trees Grown on Syracuse Sludge-Amended Soils. J.
Agric. Food Chern. 29 :156-160.

E-178



70) Garcia, W. J.1974. Pysical Chemical Characteristics & Heavy Metal Content of Corn Gro\\-n on
Sludge Treated Strip Mined Soil. J. Agric. Food Chern. 22 : 810-8~5.

71) Garcia, W. J.1979. Translocation & Accumulation of Seven Heavy Metals in Tissues of Com Plants
(Zea Mays) Grown on Sludge Treated Strip Mined Soil. J. Agric. Food Chern. 27: 1088-1094.

72) Garcia, William J., Charles W. Blessin, Gearge E. Inglett, and William f. Kwolek.1981. Metal
Accumulation and Crop Yield for a valiety of Edible Crops grown in Diverse Soil Media Amended with
Sewage Sludge. Environmental Science and Technology 15 (7) :793-804. I

•
73) Gillies, J. A., R. L. Kushwaha, C. P. Hwang, and R. J. Ford.1989. Heavy Metal residues in soil and
crops from applications of anaerobically digested sludge. Research Journal WPCF 61 (11-12) :1673-1677.

, .
74) Giordano~ P. M., J. J. Mortvedt, and D. A. Mays.1975. Effect of Municipal Wastes on Crop Yields
and Uptake of Heavy Metals. Journal of Environmental Quality 4 (3) :394-399.

75) Giordano, P. M., D. A. Mays, and A. D. Behel,Jr.1979. Soil Temperature Effects on Uptake of
Cadmium and Zinc by Vegetables Grown on Sludge-Amended Soil. Journal of Environmental Quality 8
(2) :233-236.

76) Golden, M. J. and J. Freedman.1978. Zinc Toxicity in Com as a Result of Geochemical Anomaly.
Plant & Soil 50 (1) : 151-159.

77) Gonclaves, M. L. S. Simoes, M. F. C. Vilhena, and M. Antonia Sampayo.1988. Effect of Nutrients,
Temperature and Light on Uptake of Cadmium by Selenastrum Capriconutum Printz. Wat. Res. 22 (11)
:1429-1435.

78) Gupta, S. K.1~84. Importance of Soil Solution Compostion in Deciding the .Best Suitable Analytical
Criteria for Guidelines on Maximum Tolerable Metal Load and in Assessing Bio-significance of Metals in
soil. Recherche Ab 'nom. en Suiesse 23 (3) :209-225.

79) Gupta, S. K.1987. Interrelationships between degree of metal binding capacity of sludge and metal
concentration in plants. International Conference on Heavy Metals in the Environment, New OrleaD§ 1
(Sept):417-420. .

80) Gupta, Umesh.C., and W. J. Arsenault.1986. Boron and Zinc Nutrition of Tobacco Grown in Prince
Edward Island. Can~ J. Soil Science 66 (2) :67-71.

81) Gupta, V.' K., A. P. Gupta, and H.' Raj.1983. Micronutrient contents and yield of Lentil & Maize as
Influenced by direct; ~ Residual application of Organic Manure & Zinc. Indian J. AWc. Sci. 53 (9)
:826-830. .

.,'

82) Hardiman, R. T., B. Jacoby, and A. Banin.1984. Factors affecting the distibution of cadmium, copper,
and lead and their effect upon yield and zinc content in bush bean. Plant and Soil 81 :17-27.

83) Harris, Mary R..• Stephen J. Harrison, and Nicholas W. Lepp.1984. Seasonal Variations in teh metal
content of Amenity Grass and ite use as an Indiator of reclamation treatment preformance. The Science
of the Total Environment 34 : 267-287.

E-179

j
, 'i!J,

~
..t



~~

84) Hassett, J. J., J. E. Miller, and D. E. Koeppe.1976. Interaction of lead and cadmium on maize roof
growth and uptake of lead and cadmium by roots. Environ. Pollut. 11 : 297-302.

85) Hatch, D. J., L. H. P. Jones, and R. G. Burau.1988. The Effect o~ pH on .the uptake of cadmium by
four plant species grown in flowing solution culture. Plant an~ So~1105 :121-126.

86) Haynes, R. J., and R. S. Swift.1985. E~ects of soil acidification on the chemical ~xtractability ~fFe,

Mn, Zn, and Cu and the growth and micronutrient uptake of highbush blueberry plants. Plant and Soil 84
:201-212. '

87) Haynes, R. J., and R. S. Swift.1985. Effects of limfug on the extractability of Fe, Mn, Zn, and Cu from
a peat medium and the growth and micronutrient uptake of highbush .blueberry plants. Plant and Soil 84
:213-223.

88) Heale, E. L., and D. P. Ormrod.1982.. Ef(ects of nickel and copper on ACer rubrum, Comus
stolonifers, Lonicera tatarica, and Pinus resinosa. Can. J. Bot. 60 :2674..2681.

89) Heckman, J. R.,J. S. Angle, and R.L. Chaney.1987. Residual Effects of Sewage Sludge on Soybean:
I. Accumulation of Heavy Metals. Journal of Environmental Quality 16(2):113-117~

90) Hemkes, O. J., A. Kemp, and L. W. Van Broekhoven.1983. Effects of applications of sewage sludge
and fertilizer nitrogen on cadmium and lead contents of grass. Neth. J. AgUc. Sci. 31 :227-232. .

91) Hemming, B. C.1986. Mictobial-Iron interactions in the plant rhizosphere. An overview. Journal of
Plant Nutrition 9 (3-7) :505-~21.

92) Hemphill, D. D., Jr., T. L. Jackson, L. W. Martin, G. L. Kiernnec, D. Hanson, and V. V. Volk.1982.
Sweet Corn Response to Application of Three Sewage Sludges. Journal of Environmental Quality 11 (2)
:191-196. .

93) Hilton, B. R., and J. C. Zubriski.1985. Effects of Sulfur, Zinc, Iron, Copper, Manganese, and Boron
Applications on Sunflower Yield and Plant Nutrient Concentration. Commun. Soil Sci. Plant Anal. 16 (4)
:411-425.

94) Hinesly, T. D., R. L.Jones, E. L. Ziegler, and J. J. Tyler.1977. Effects of Anual and Accumulative
Applications of Sewage ~ludge on Assimilation of Zinc and Cadmium by Corn. Environmental Science and
Technology 11 (2) :182-188. -

. 95) Hinesly, T. D., D. E. Alexander, E.L. Ziegler, and G. L. Barrett.1978. Zinc and Cd Accumulation by
Corn Inbreds Grown on Sludge Amended Soil. Agronomy Journal 79 :425-428.

96) Hinsely, T. D., E. L. Ziegler, and G. L. Barrett.1979. Residual Effect of Irrigating Com with Digested
Sewage Sludge. Journal of Environmental Quality 8 (1) :35-38. .

97) Hinesly, T. D., K. E. Redborg, E. L. Ziegler, and J. D. Alexander.1982. Effect of Soil cation Exchange
capacity on the uptake of Cadmium by Com. Soil Sci. Soc. Am. J. 46: 490-497.

E-l80

.'



98) Hinesly, T. D., D. E. Alexander, K. E. Redborg, and E. L. Ziegler.1982. Differential Accumulations of
Cadmium and Zinc by Corn Hybrids Grown on Soil Amended with Sewage Sludge. Agronomy Journal 74
(May-June ) :~69:474.

99) Hinesly, Thoas D., Kurt E. Redborg, Richard 1. Pietz, and Eugene L Ziegler.1984. Cadmium and zinc
Uptake 'be Corn (Zea mays L) with Repeated Applications of Sewage Sludge. Journal of Awcultural and
Food Chemistty 32 :155-163.

100) Hoikal, M. M., W. ~. Berry, A. Wallace, and D. Herman.1989. Alleviation of Nickel Toxicity by
Calcium Salinity. Soil Sci. 147 (6): 413-415.

101) Horiguchi, T., and S. Morita.1987. Mechanism of Manganese Toxicity and Tolerance of Plants; VI.
Effect of Silicon on Alleviation of Manganese Toxicity of Barley. Journal of Plant Nutrition 10 (17)
:2299-2310.

102) Horiguchi, T.1988. Mechanism of Manganese Toxicity and tolerance of Plants VII. Effect of Light
Intensity on Manganese-induced Chlorosis. Journal of Plant Nutrition 11 (3) :235-246.

103) Hue, M.V.1988. A Possible Mechanism for Manganese Phytotoxicity in Hawaii Soils Amended with a
Low-Manganese Sewage Sludge. Journal of Environmental Quality 17 (3) :473-479.

104) Hue, N. V.1988. Residual Effects 'of Sewage-Sludge Application on plant and soil-profile chemical
compostion. Commun. in Soil Sci. Plant Anal. 19 (14):1633-1643.

105) Ismail, Abdel' Samad S., and F. Awad.1986. Effect of Certain Ions on Growth and Uptake of Iron and
Zinc by Barley Seedlings Grown on Alluvial Soil. Journal of Plant Nutrition 9 (3-7) :297-306.

106) Jana, Sasadhar, and Alofe Bhattacharjee.1988. Effects of combinations of !teavy metal pollutants on
Cuscuta retlexa. Water. Air. and Soil Pollution 42 : 303-310.

107) John, Matt K., and C. J. Van Laerhoven.1976. Differential Effects of Cadmium on Lettuce Varieties.
Environ. Pollut. 10 :163-173.

108) Johnson, M. S., T. McNeilly, and P. D:Putwain.1977. Revegetation of metalliferous mine spoil
contaminated by lead and Zinc. Environ. Pollut. 12 : 261-277.

109) Jones, K. C.1989. Cadmium in cereal grain and herbage from long-term experimental plots at
Rothamsted, UK. Environmental Pollution 57: 199-216.

110) Jones, M. D., and T. C. Hutchinson.1988. Nickel Toxicity in ¥ycorrhizal birch seedlings infected
with Lactarius rufus of Scleroderma tlavidum I. Effects on growth, photosynthesis, respiration &
transpiration. New Phytologist 108 (4): 451-459.

111) Jones, Robert L., T.D. Hinesly, E.L Ziegler and J.J. Tyler.1975. Cadmium and Zinc Contents of
Corn Leaf and Grain Produced by Sludge-amended Soil. Journal of Environmental Quality 4 (4) :509-514.

E-181

/

A
il
i1
J



-~ .~--~~-~

112) KaneIVa, Tina, Osmo Sarin, and Pekka Nuorteva.1988. Aluminum, Iron, Zinc, Cadmium, and
Mercury in some indicator plant~ growing in South Finnish forest areas wi~h different degrees of damages.
Ann. Bot. Fennici. 25 :275-279.

113) Karamanos, R. E., J. G. Fradette, .and P. d. Gerwing.1985. Evaluationof Copper & Manganese
NutritionofSpring Wheat Grown on Organic Soils. Can. J. Soil Sci..65 (1) :133-148.

114) Karlen, D. L., and P. G. Hunt.1985. C:::Opper, Nitrogen, and Rhizobium Japonicum Relationships in
Determinate Soybean. Journal of Plant Nutrition 8 (5):395-404.

115) Kayode, G. O. 1985. Responses of yield, components of yield and nutrient content of maize to .
soil-applied zinc in tropical rainforest and savannah regions. J. agric. Sci. 105 :135-139.

116) Keefer, R. F., R.N. Singh~ D. J. HOIVath, and A. R. Khawaja.1979. Heavy Metal Availability to plant
from sludge application. Compost Sci. 20 (3) :31-35: . .

117) Kelly, M. G., and B. A. Whitton.1989. Relationship between accumulation and toxi~ityofzinc in
Stigeoclonium (Chaetopho~ales, Chlorohpyta). Phycologia 28 (4): 512-517. .

118) Kempton, S., R. M. Sterrritt, and J. N. Lester.1987. Heavy Metal Removal in Primary Sedimentaion
I. The Influence of Metal Solubility. The Science of the Total Environment. 63 :231-246.

119) Kempton, S., R. M. Sterrritt, and J. N. Lester.1987. Heavy Metal Removal in Primary Sedimentaion
II. The Influence of Metal speciation and particle size distribution. The Science of The Total Environment
63 :247-258.

120) Khan, Samiullah, and N. Nazar Khan.1983. Influence of lead and cadmium on the growth and
nutrient concentration of tomato and egg-plant. Plant and soil 74 : 387-394.

121) Kiemnec, G. L., D.D. Hemphill,!r., M. Hickey, T. L. Jackson, and V. V~ Volk.1990. Sweet com Yield
and Tissue Metal Concentration after Seven Years of Sewage Sludge Applications. J. Prod. Agric. 3 (2)
:232-237.

122) Kim, S. J., A. C. Chang, A. L. Page, and J. E. Warneke.1988. Relative Concentration of Cadmium
and Zinc in Tissue of Selected Food Plants Grown on Sludge-Treated Soils. Journal of Environmental
Quality 17 (4) :568-573.

123) King, Larry D.1981. Effect of Swine Manure Lagoon Sludge and Municipal Sewage Sludge o:p.
Growth, Nitrogen Recovery, and Heavy Metal Content of Fescuegrass. Journal of Environmental Quality
10 (4) :465-472.

124) Kirkham, M. B.197S. Uptake of Cadmium and Zinc from Sludge by Barley Grown under Four
Different Sludge Irrigation Regimes. Journal of Environmental Quality 4 (3) :423-426.

125) Kirkham, M. B.1975. Trace,Elements in Com Grown on Long-Term Sludge Disposal Site.
Environmental Science and Technology 19(8) :765-768. .

E-1~2.



126) Kirkham, M. B.1980. Characteristics of Wheat Grown with Sewage Sludge Placed at Different Soil
Depths. Journal of Enviromnental Quality 9 (I} :13-18.

127) Kirkham, M. B.1983. Elemental Content of Soil, Sorghum and Wheat on Sludge- Injected
Agrioultural Land. Agriculture. Ecosystems and Environment 9 :281-292.

128) Korcak, R. F., F. R. Gouin, and D. S. Fanning.1979. Metal Content of Plants and Soils in a Tree
Nursery Treated with Composted Sludge.. Journal of Environmental Quality 8 (1) :63-68.

129) Korcak, R. F., and D. S. Fanning.1985. Availability of Applied Heavy Metals as a Function of'JYpe
of Soil Material and Metal Source. Sojl Science 140 (1):23-34.

130) Komer, Lena E., Ian M. Moller, and Paul Jensen.1987. Effects od Ca and other divalent cations on
uptake of Ni by excised barley roots.. PhysioI. Plantarum 71 :49-54.

131) Krause, Georg H. M., and Hildegard Kaiser.I977. PLant Response to Heavy Metals and Sulphur
Dioxide. Environ. Pollut. 12 :63-71. .

132) Kriedemann, P. E., and J. E. Anderson.1988. Growth and Photosynthetic Responses to Manganese
and Copper Deficiencies in Wheat and Barley Grass. Aust. J. Plant PhysioI. 15 :429-46.

133) Kumar, V., V. S. Ahlawat, and R. S. Antil.1985. Interactions of Nitrogen & Zinc in Pearl Millet. 1.
Effect of Nitrogen and zinc Levels on Dry Matter Yield & Concentration & Uptake of Nitrogen & zinc in
Pearl Millet. Soil Sci. 139 (4): 351-356.

134) Kuo, S., E. J. Jellum, and A. S. Baker.1985. Effects of Soil Type, liming, and Sludge Applications
on Zinc and Cadmium Availability to Swiss Chard. Soil Science 139 (2)122-130.

135) Kuwabara, James S.1985. Phosphorus-Zinc Interactive Effects on Growth oy Selenastrum
capricornutum (Chlorophyta). Environ. Sci. TechnoI. 19 (5): 417-421.

136) Lake, D. L., P. W. W. Kirk, and J~ N. Lester.1989. Heavy Metal Solids Association in Sewage Sludge.
Wat. Res. 23 (3): 285-291.

137) Lambert, D. H.1982. Response of sweetgum to niycorrhizae, phosphorus, copper, zinc; and sewage
sludge. Can J. For. Res. Vol. 12 :1024-1027.

138) Latterell, J.J., R. H. Dowdy, and ·W. E. Larson.1978. Correlation of Extractable Metals and Metal
Uptake of Snap Beans Grown on Soil Amended with Sewage Sludge. Journal of Environmental Quality 7
(3) :435-440.

139) Leininen, Kari P.1989. The Influence of Soil Preparation on the Levels of Aluminum, Manganes~
Iron, Copper, Zinc, Cadmium, and Mercury in Vaccinium MyrtiUus. Chemosphere 18 (7-8) :1581-1587.

140) Lexmond, T. M.1980. The Effect of Soil pH on Copper Toxicity of forage Maize Grown under Field
Conditions. Neth. J. AWc. Sci. 28 (3) :164-184.

E-183

j
!:
'II!.

'--;fI;



,-,",--,._~

141) Lexmond, T. M., and P.D. J. Van der·Vorm.1981. The Effect of pH on Copper Toxicity to
Hydroponically Grown Maize. Neth. J. Agric. Sci. 29 (3) :217-238.

142) Loneragan, J. F., G. J. Kirk, and M. J. Webb.1987. Translocation and Function of Zinc in Roots.
Journal of Plant Nutrition 10 (9-16) :1247-1254. .

143) Lutiick, M. C., W. K. Robertson, and J. A. Cornell.1982. Heavy Applications of Liquid-Digested
Sludge on Three Ultisols: II. Effects on Mineral Uptake and Crop Yield. Journal of Environmental
Quality 11(2) :283-287.

144) Lutrick, M. C., H. Riekerk, and J. A. Cornell.1986. Soil and Splash Pine Response to Sludge
Applications in Florida~ Soil Sci. Soc. Am. J. 50 :447-451. .

145) Macfie, Sheila M., Gregory J. Taylor, Keith Briggs, and John Hoddinott.1989. Differential tolerance
of manganese among cultivars of Triticum aestivum. Can. J.' Bot. 67 :1305-1308. .

146) MacLean, A. J., arid A. J. Dekker.1978. Availability of Zinc, Copper, and Nickel to Plants grown in
Sewage-Treated Soils. Can. J. Soil Sci 58 (Aug.) :381-389.

147) MacLean, K.S., A. R. Robinson, and H.M. MacConne11.1987. The Effect of Sewage Sludge on the
Heavy Metal Content of soils and Plant tissue. Commun. in Soil Sci. Plant Anal. 18 (11) :1303-1316.

148) Mahler, R.J., PoT. Bingham, and A.L.Page.1978. Cadmium-Enriched Sewage Sludge Application to
Acid and Calcareous Soils: Effect on Yield and Cadmium Uptake by Lettuce and Chard. Journal of
Environmental Quality 7 (2) :274-281.

149) Mahler, Richard J., J. A. Ryan, and T. Reed.1987. Cadmium Sulfate Application to Sludge-Amended
Soils. I. Effect on Yield and Cadmium Availability to Plants. The Science of the Total Environment 67 :
117-131. ,.
150) Mahler, Richard J., and James A. Ryan.1988. Cadmium Sulfate Application to sludge-amended soils:
II. Extraction of Cd, Zn and Mn from solid phases. Commun. in Soil Sci. Plant Anal. 19. (15) :1747-1770.

151) Mahler, Richard J., and J. A. Ryan.1988. Cadmium Sulfate Application to Sludge-Amended Soils:
III. Relationship between treatment ans plant available Cadmium, Zinc, and Manganese. Commun. in Soil
Sci. Plant Anal. 19 (15): 1771-1794. .

152). Marks, M. J., J. H. Williams, and C. G. Chumbley.1977. Field experiments testing the effects of .
metal contaminated sewage sludges on some vegetable crops. Inorganic pollution and agriculture: 235-251.

153) Marschner, H. and I. Cakmar.1986. Mechanicm of Phosphorus Induced Zinc-deficiency in. cotton 2.
Evidence for impaired shoot control of Phosphorus uptake' & Translocation under zinc-deficiency.
Physiologia Plantarum 68 (3): 491-496.

154) Marsh, D. B. and L. Waters,Jr. 1985. Critical deficiency & toxicity levels of tissue zinc in relationto
cowpea growth & N92) fixation. I. Amer. Soc. Hort. Sci. 110 (3) :365-370.

E-l84



155) Mascanzoni, DanieI.1988. Influence of Lime and Nutrient Treatments on Plant Uptake of Mn, Co,
Ni, Zn, and Sr. S,wedish J. Agric. Res. 1~ :185-189.

156) Mathur, S. P., A. Belanger, R. B. Sanderson, M. Valk, and E. N. Knibbe.1984. The influence of
variations in soil copper on the yield and nutrition of spinach grown in microplots on two organic soils.
Commun. in Soil Sci. Plant Anal. 15 (6) :695-706.

157) Mathur,S. P., and A. Belanger.1987. The Influence of Variation in SoilCopper on the Yield and
Nutrition of Carrots Grown in Mircoplots on Two Organic Soils. Commun. in Soil Sci. Plant Anal. 18 (6)
:615-624.

158) Matt, K. John, and C. J. Van Laerhoven.1976. Differential Effects of Cadmium on Lettuce Varieties.
Environ. Pollut. 10 :163-173. .

159) McAndrew, D.W., L.A. Loewen-Rudgers, and G. J. Racz.~984. A growth chamber study of copper
nutrition of cereal and oil seed crops in organic soil. Can. J. Plant Sci. 64 (July): 505-510.

160) M,ench, M., J. Tancogne, A. Gomez, and C. Juste.1989. Cadmium bioavailability to Nicotiana
tabacum L., Nicotiana rustica L., and Zea mays L. grown in soil amended or not amended with cadmium
nitrate. BioI. Ferti1. Soil 8 :48-53. .

161) Merry, R. H~, K. G. Tiller, and A- M. Alston.1986. The effects of contamination of Soil with copper,
lead, and arsenic on the growth and composition of plants: I. Effects of season, genotype, soil temperature
and fertilizers. Plant and Soil 91 :115-128.

162) Merry, R. H., K. G. Tiller, and A. M. Alston.1986. The effects of soil contamination with copper,
lead, and arsenic on the growth and compostion of plants: II Effects of source of contamination, varying
soil pH, and prior ,aterlogging. Plant and Soil. 59 :255-269.

163) Milbocker, n C. 1974. Zinc Toxicity to Plants grown in Media ~ntaining Poly Rubber. Hort.
Science 9 (6.1) :54.h>46.

164) Miles, L. J., and G. R. Parker.1979. Heavy Metal Interation for Andropogon scoparius and
Rudbeckia hirta GroWn on Soil from Urban and Rural sites with Heavy Metal Additions. Journal of
Environmental Quality 8 (4) :443-449.

165) Milner, Paula, und Allen V. Barker.1989. Factors affecting 'Zinc Concentrations in Plant Grown in
Sludge-Amended So~ls. Commun. in Soil Sci. Plant Anal. 20 (1-2) :1-21.

166) Mitchell, Cynthia D., and Thomas A. Fretz.1977. Cadmium and Zinc Toxicity in White Pine, Red
Maple, and Norway' spruce. J. Amer. Soc. Hort. Sci. 102 (1) :81-84.

167) Mitchell, G.A.;"F.T. Bingham, and A.L. Page.1978. Yield and Metal Composition of Lettuce and
Wheat Grown on Soil Amended with Sewage Sludge Enriched with Cadmium, Copper, Nickel, and Zinc.
Journal of Environmental Quality 7 (2):165-171.

168) Mo, S. C., D. s.. Choi, and J. W. Robinson.1988. A Study of the Uptake by Duckweed of Aluminum,
Copper, and Lead Fr?m Aqueous Solution. J. Environ. Sci. Health. A23 (2):)39-156.

E-185

".
'- ,

/'

A
,~

i.
..t



·-_._-----_. ---'" .' . _:~

169) Mortvedt, 1. J., and P. M. Gioradano.1975. Response of COm to Zinc and Chromium in Municipal
Wastes Applied to Soil. Journal of Environmental Quality 4 (2) :170-174. .

170) Mukherji, S. and B. Das .Gupta.1972. Characterization of copper Toxicity in Lettuce Seedlings.
Physiologia Plantarum. 27 (2) :126-129. .

. . .
171) Mullins, G. L., L. E. Sommers, and S. A. Barber.1986. Modeling the Plant Uptake of Cadmium and
Zinc from Soils Treated with Sewage Sludge. Soil Sci. Soc. Am.-J."50:1245-1250. . .

172) Munns, Rana, and Annie Termaat.1986. Whole-plant Responses to Salinity. Aust. J. Plant Physiol. 13
: 143-60. .

173) NaIWal, R.P., B. R. Singh, and A. R. Panhwar.1983. Plant Avaihibility of Heavy Metals in a
Sludge-Treated Soil: I. Effect of Sewage Sludge and Soil pH on the Yield and Che~cal Composition of
Rape. Journal of Environmental QualitY 12 (3) :358-365. . . "

174) Nasu, Y. and M. Kugimoto.1981. Lerona (Duckweed) as an Indicator of Water Pollution. I. The
Sensitivity of Lerona paucicostata to Heavy Metals. Arch. Env. Cont. & Toxic. 10 (2): 159-170.

175) Naylor, L. M., M. Barmasse, and R. C. Loehr.1987. Uptake of Cadmium & Zinc by Com on
Sludge-Treated soils. Biocycle 28 (4): 37-41.

176) Nelson, Darrell W., Shyilon L. Liu, and Lee E. SommerS.1984. Extractability and Plant Uptake of
Trace Elements from Drilling Fluids. Journal of Environmental Quality 13 (4) :562-566.

177) Nicholls, M. K. and T. McNeilly.1985. The Performance of Agrostis-Capillaris L. genotypes,
Differing in Copper Tolerance, In Ryegrass Swards on Normal soil. New Phytologist. 101 (1) :207-217.

178) Orabi, A. A., T. EI-Kobbia, and A. I. Fathi.1985. Zinc-phosphorus relationship in the nutrition of
com plant as affected by the total carbonate content of the soil. Plant. and Soil 83 :317-321.

179) Ormrod, D. P.1977. Cadmium and Nickel Effects on Growth and Ozone Sensitivity of Pea. Water.
Air. and Soil Pollution 8 :263-270.

180) Otte, M. L., J. Rozema, L. Koster, M. S..Haarsma, and R. A. Broekman.1989. Iron plaque on roots
of Aster tripolium L.: Interatcion with zinc uptake. New Phytol. 111 : 309-317. .

181) Pal, A. R., D. P. Motiramani, G. S. Rathore, K. N. Bansal, and S. B. Gupta.1989. A model to predict
the zinc status of soils for maize. Plant and Soil 116 :49-55.

182) Parkinson, R. J., and Rosemary Yells.1985. Copper content of soil and herbage following pig slurry
application to grassland. J. Agric. Sci. 105 :183-185. "

183) Payne, G. G., D. C. Martens, C. Winarko, and N. F. Perera.1988. Form and Availability of Copper
~nd Zinc following Long-Term Copper Sulfate and Zinc Sulfate Applications. Journal of Environmental
Quality 17 (4) :707-711.

E-186

....:



184) Paynet G. G' t D. C. Martens, E. T. Kornegay, and M. D. Lindemann.1988. Availability and Form of
Copper in Three Soils following Eight Anual Applications of Copper-Enriched Swine Manure. Journal of
Environmental Quality 17 (4) :740-746.

185) Pepper, I. L., D. F. Bezedicek, A. S. Baker, and J. M. Sims.1983. Silage Com Uptake of
Sludge-Applied Zinc and Cadmium as Affected by Soil pH. Journal of Environmental Quality 12 (2)
~~ .
186) Petruzzelli, G., L. Lubrano, and S. Cervelli.1987. Heavy Metal Uptake by Wheat Seedlings Grown in
Fly Ash-amended Soils. Water, Air, and Soil Pollution 32 :389-395.

187) Pietz, R. I., J. R. PetersOI~, C.Lue-hingand and L. F. Welch.1978. Variability in Concentration of
Twelve Elements in Corn Grain. Journal of Environmental Quality 7 (1) :106-f10.

188) Pietz, R. I., J. R. Petersont T. D. Hinesly, E. L. Ziegler, K. E. Redborg, and C. Lue-Hing.1983.
Sewage Sludge Application to Calcareous Strip-Mined spoil: II. Effect on Spoil and Com Cadmium,
Copper, Nickel, and Zinc. Journal of Environmental Quality 12 (4) :463-467•

. 189) Poschenrieder, Charlotte, Benet Gunse, and Juan Barcelo~1989. Influence of Cadmium 0 Water
Relations, Stomatal Resistance, and Abscisic Acid content in expanding bean leaves. Plant Physio!. 90
:1365-1371.

190) Powell, M. J., M. S. Davis, and D. Francis.1988. Effects of Zinc on meristem size and proximity of
root hairs and xylem elements to root tip in a Zinc-tolerant and a Non-tolerant Cultivar of Festuca rubra
L. Annals of Botany 61 :723-726. .

191) Preer, James R., Harkewal S. Sekhon, Bernard R. Stephens, and Margaret S. Collins.1980. Factors
Affecting Heavy Metal Content of Garden Vegetables. Environmental Polluti?n 1 :95-104.

192) Proctor. J. and II D. McGowan.1976. Influence of Magnesium on Nickel Toxicity. Nature 260 :134.

193) Prokipcak, B., and D. P. Orml'od.1986. Visible Injury and Growth Response of Tomato and Soybean
~o Combinations of Nickel, Copper, and Ozone. Water, Air, and Soil Pollution 27 :329-340.

, ..

194) Rai t U. N., and P. Chandra.1989. Removal of heavy meatals from polluted waters by hydrodictyon
reticulatum (linn.) Lagerheim. The Science of the Total Environment 87/88 :509-515.

195) Raj, Hans, and V. K. Gupta.1986. Influence of Organic Manures and Zinc on Wheat Yield and Zn
Concentration in Wheat. Agricultural Wastes 16 :255-263.

196) Rappaport B.D., Martens D.C., Reneau R.B.,Jr., and T.W. Simpson.1987. Metal Accumulation in
Corn and Barley Grown on a Sludge-amended Typic Ochraqualf. Journal of Environmental Quality 16
(1):29-33.

197) Rappaport, B.D., Martens D.C., Reneau R.B.,Jr., and T.W. Simpson.1987. Metal Availability in
Sludge-amended Soils Elevated Metal Levels. Journal of Environmental Quality 17 (1):42-47.

198) Rauser, W. E.1973. Zinc Toxicity in Hydroponic Culture. Can. J. Bot. 51 (2): 301-304.. . ,

E-187

j,.;
Ii.-.



--' _.--.. ......., ... , -- .--~ ------- --'

199) Rauser, W. E. 1978. Early Effects of Phytotoxic Burdens of Cadmium, cobalt, Nickel & zinc in
White Beans. Can. J. Bot. 56 (15.) :1744-1749.

_.~

200) Reber, H. H.1989. Threshold levels of cadmium for soil respiration and growth·of spring wheat
(Triticum aestivum L) and difficulties with their determination. BioI. .Feitil. Soils 7 :152-157.

201) Reddy, M. R., and S. J. Dunn.1983. 'Heavy Metal and Micronutrient Uptake in Soybeans as
Influenced by Sewage Sludge AIllendment. The Science of the Total Environment 30 :85-98.

202) Reddy, Muchha R., and Samuel J. Dunn.1986. Heavy-Metal Absorption by Soybean- on Sewage
Sludge Treated Soil. J. AgUc. Food Chern. 34 :750-753.

203) Ritter, W. D. and R. P. Eastburn.1978. The Uptake of Heavy Metals from Sewage Sludge appli-ed to
Land by Corn and Soybeans. Communic in Soil Sci. and Plant Anal. 9 (9) :799-811.

204) Robb, J.1981. Early Cytological Effects of zinc Toxicity in White Bean Leaves. Ann. Bot. 47 (6)
:829-834, -

205) Ruano, A., Ch. Poschenrieder, and J. Barcelo.1988. Growth and Biomass Partitioning in Zinc-Toxic
Bush Bean. Journal of Plant Nutrition 11 (5):577-588.

206) Sabey, B. R., and W. E. Hart.1975. Land Application of Sewage Sludge: I. Effect on Growth and
Chemical Composition of Plants. Journal of Environmental Quality 4 (2) :252-256.

207) Sadiq, Muhammad.1985. Uptake of Cadmium, Lead, and Nickel by Corn Grown in Contaminated
Soils. Water. Air. and Soil Pollution. 26 :185-190.

208) Salam, M. A., and S. Subramanian.1989. Differential-Effects of Plant Charaters on Grain-Yield
under 2 levels of Zinc Fertilization in Rice. Indian J. AgUc. Sci. 59 (4): 265-266.

209) Samman, Y. and A. Wallace.1983. Possible Plant Toxicity Resulting from High Level Applications of
Zinc EDTA. J. Plant Nutrition 6 (6) :491-500.

210) Sanders, J. Roger, Stephen P. Me Grath, and Trevor McM. Adams.1986. Zinc, Copper and Nickel
Concentrations in Ryegrass Grown on Sewage Sludge-contaminated Soils of Different pH. J. Sci. Food
Agric. 37 :961-968.

211) Schauer, P. S., W. R. Wright, and J. Pelchat.1980. Sludge-borne Heavy Metal Availability and
Uptake by Vegetable Crops under Field Conditions. Journal of Environmental Quality 9 (1) :69-73.

212) Sheaffer, C. C., A. M. Decker, R. L Chaney, and L W. DougIass.1979. SQiI Temperature and Sewage
Sludge Effects oil Metals in Crop Tissue and Soils. Journal of Environmental Quality 8 (4) :455-459.

213) Sidle, R.C., J.E. Hook, and L.T. Kardos.1976. Heavy Metal Application and Plant-Uptake in a Land
Di~posal System for Waste Water. Journal of Environmental Quality 5.(1) :97-102.

214) Sikora, Lawrence J., Rufus L Chaney, Nicholas H. Frankos, and Charles M. Murray.1980. Metal
Uptake of Crops Grown over Entrenched Sewage Sludge. J. AgUc. Food Chern. 28 :1281-1285.

E-188

,.'10'

~
-:z-
~
-z



215) Singh, B. R., and R; P. Narwa1.1984. Plant availability of Heavy Metals in Sludge-Treated Soil:
II.Metal Extractability Compared with Plant Metal Uptake. Journal of Environmental Quality 13 (3)
:344-349.

216) Singh, D. N., H. S. Srivastava, and Rana P. Singh.1988. Nitrate assimilation in pea leaves in the
presence of cadmium. Water, Air, and Soil Pollution. 42 :1-5.

217) Singh, J. P., B. Singh, and S. P. S.·Karwasra.1988. Yield &·Uptake response od lettuce to Cadmium
as influenced by mitrogen applications. Fert. Res. 18. (1): 49-56.

218) Singh, S. Shah.1981. Uptake of cadmium by lettuce as influenced by its addition to a soil as inorganic
forms or in sewage sludge. Can. J. Soil ~~i. 61 :19-28.

219) Smeulder, F., A. Cremers. and J. Si~aeve.1983. In situ Immobilization of Heavy Metals with
Tetraethylonepentamino (tetren) in Natural Soils & its Effect on Toxicity & Plant Growth. II. Effect of
complex Formation with tetren on Copper & Zinc uptake in Com from Nutrient Solutions. Plant & Soil.
70 (1) :49-57.

220) Smeulders, F., and S. C. Van De Geijn.1983. In situ immobilization of heavy metals with
tetraethylenepentamine (tetren) in natural soils and its effect on toxicity and plant growth. III. Uptake and
mobility of copper and its tetren-complex in com plants. Plant and Soil 70 (1) :59-68.

221) Smilde, K. W., W. Van Driel, and B. Van Luit.1982. Constraints in cropping heavy metal
contaminated fluvial sediments. The Science of the Total Environment 25 :225-244.

222) Smith, G. C., and E. Brennan.1984. Response of Silver Maple Seedlings to an acute dose of Root
Applied Cadmium. For. Sci. 30 (3) :582-586.

223) Soliman, M. H.1976. Ph-Dependent Heterosis of Heavy Metal-Tolerant' & Non-Tolerant Hybrid of
the Monkey Flower Mimilis Guttatus. Nature 262 :49-51.

224) Soon, Y. K., T. E. Bates, and J. R~ Moyer.1980. Land Applications of Chemically Treated Sewage
Sludge: III. Effects on soil and Plant Heavy Metal Content. Journal of Environmental Quality 9 (3)
:497-504.

225) Stephenson, T. and J. N. Lester.1987. Heavy metal behaviour during the activated sludge process. II
Insoluble ~etal removal mechanisms. The Science of the Total Environment 63 :215-230.

226) Stomberg, A. L, D. D. Hemphill, Jr., and V. .Y. Volk.1984. Yield and Elemental Concentration of
Sweet Com Grown on Tannery Waste-Amended Soils. Journal of Environmental Quality 13 (1):162-166.

227) Street, Jimmy J., W.L lindsay, 'and B.R. Sabey.1977. Solubility and Plant Uptake of Cadmium in
Soil Amended with Cadmium and Sewage Sludge. Journal of Environmental Quality 6 (1) :72-77.

228) Street,. Jimmy J., B. R. Sabey, and W.L. lindsay.1978. Influence of pH, Phosphorus, Cadmium,
Sewage Sludge, and Incubation Time on the Solubility and Plant Uptake of Cadmium. Journal of
Environmental Quality 7 (2) :286-290. .

E-189

,.J



7:!.

229) Stroinski, A., and Z. Szczotka.1989. Effect of Cadmium and Phytophthora infestans on 'polyamine
levels in potato leaves. Physiol. Plant 77 (2) :244-246.

~~

230) Stucky, Donald J., and Tommie S. Newnan.1977. Effect of Dried Anaerobically Digested Sewage
Sludge on Yield and Element Accumulation in Tall Fescue and Alfalfa. Journal of Environmental Quality
6 (3) :271-274.

231) Swiade~, John M.1985. Iron and Zinc' absorption characteristics and copper inhibitions in
cucurbitaceae. Journal of Plant Nutrition 8 (10) :921-931.

~.' '"

232) Takkar,P. N., and M. S. Mann.1978. Toxic Levels of Soil & Plant Zinc for MaiZe and wheat. Plant
& Soil 49 (3) :667-669~

233) Taleisnikgertel, E. and M. Ta1.1986. Potassium Utilization & Fluxed in Wild Salt-Tolerant Rela~ives
of the Cultivated Tomato. Physiologia Plantarum 67 (3): 415-420.

234) Taylor, Gregory J., and Charles D. Foy.1985~ Differential uptake and toxicity of ionic and chelated
copper in Triticum aestivum. Can. J. Bot. 63 :1271-1275.

235) Taylor, Gregory J.1987. Exciusion of metals from the symplasm: a possible mechanism of metal
tolerance in higher plants. Journal of Plant Nutrition 10 (9-16): 1213-1222. '

236) Taylor, Gregory J.1988. The physiology of aluminum tolerance in higher plants. Commun. in Soil Sci.
Plant Anal. 19 (7-12) :1179-1194.

.237) Thompson, J. S., R. L. Harlow, and J. F. Whitney.1983. COpper(I)-olefin coplexes. suppoer for the
proposed role of copper in the ethylene effect in plants. J. Am. Chern. Soc. 105 (~1) :3522-3527.

238) Tiwari, R. C., and J. Adinarayana.1985. The effect of rate of application of nitrogen fertilizer on soil
copper uptake by barl,ey under unirrigated conditions. J. AgUc. Sci. 104 :583-587.

239) Touchton, J. T. and F. C. Boswell.1975. Use of sewage sludge as a greenhouse soil amendment. I~

Effects of soil chemical constituents and pH. Agriculture '~nd Environment 2 :229-241.

240) Touchton, J.T., Larry D. King, Henry Bell, and H.D. Morris.1976. Residual Effect of Liquid Sewage
Sludge on Coastal Bermudagrass and Soil Chemical Properties. Journal of Environmental Quality 5 (2)
:161-164.

241) Traynor, Mary F., and Bernard D. Knezek.1973. Effects of Nickel and Cadmium Contaminated
Soils on Nutrient Composition of Corn Plants. Trace Substances in Environmental Health-VII 7 :83-87.

242) Valdares, J.M. A. S., M. Gal, V. Mingelgrin, and A. L. Page.1983. Some Heavy Metals in Soils
Treated with Sewage Sludge,Their Effects on Yield, and their uptake by Plants. Journal of Environmental
Quality 12 (1) :49-57. .

243) Van Assche, F., C. Cardinaels and H. Clijsters.1988. Induction of Enzyme Capacity in Pl3nts as a
Result of 'Heavy Metal Toxicity: Dose-Response Relations in PhaS~lusVulgaris L. Treated with Zinc and
Cadmium. Environmental Pollution 52 :103-115.

E-19O



244) Van der Geijin, S. C. and F. Smeulders.1983. In situ Immobilization of Heavy Metals with
Tetraethylonepentamino (tetren) in natural soils & its Effect on Toxicity & Plant Growth. In. Uptake &
Mobility ofcopper & its tetren coplex in Com Plants. Plant & Soil 70 (1): 59-68.

245) Vlamis, J., D. E. Williams, J. E. Corey, A. L Page, and T. J. Ganje.1985. Zinc and Cadmium Uptakt
by Barley in Field Plots Fertilized Seven Years with Urban and Suburban Sludge. Soil Science 139 (1)
:81-87.

246) Vlamis, J., D. E. Williams, K. Fong, and J. E. Corey.1987. Metal Uptake by Barley from Field Plots
Fertilized with Sludge. Soil Science 126 (1) :49-55.

247) Vocke, R. W., K. L Sears, J. J. O'Toole, and R. B. Wildman.1980. Growth Responnses of selected
Freshwater Algea to trace elements & sCfUbber ash slurry generated by coal-fired power plants. Water
Res. 14 (2) :141-151.

248) Wallace, A., E. M. Romney, J. W. Cha, and S. M. Soufi.1976. Some Effects of Chromium Toxicity
on Bush Bean Plants Grown in Soil. Plant & Soil 44 (2) :471-473.

249) Wallace, A., E. M. Romney, J. W. Cha, S. M. Soufi, and F. M. Chaudry.1977. Nickel Phytotoxicity in
relationship to sc" ~H manipulation & Chelating agents. Communic. in Soil Sci. & Plant Anat. 8 (9)
:757-764.

250) WalJace, A., and R. T. MuelJer.1980. Effect of Steam Sterilization of Soil on Trace Metal Toxicity In
Bush Beans. J. Plant Nutrition 2 (1-2) :123-126.

251) Wallace, A., E. M. Romney, R. T. Mueller, & O. R. Lunt.1980. Influence of Environmental Stresses
on Response of bush Bean Plants to Excess Copper. J. Plant Nutrition 2 (1-2) :39-49•

.
252) Wallace, A., E. M. Romney, and G. V. Alexander.1981. Miltiple Trace Element Toxicity in Plants. J.
Plant Nutrition 3 C 4): 257-263.

253) Wallace, A.1984. Effect of Phosphorus Deficiency and Copper Excess on Vegetative GroVv1h of Bush
Bean Plants in Solution Culture at Two Different Solution pH Levels. Journal of Plant Nutrition 7 (1-5)
:603-608.

254) Wallace, Arthur.1989. Interactions of Excesses of Copper apd Salinity on Vegetative Grov,;h of Bush
Beans at Two Differ~nt pH levels in Solution Culture. Soil Science 147 (6) :426-429.

255) WalJace, A., a~d W. L. Berry.1989. Dose-Response curves for Zinc, Cadmium, & Nickel in
Combinations of on~,~two, or three. Soil Sci. 147 (6) :410-410.

256) Walsh, L. M., W. H. Erhardt, and H. D. Seibe1.1972. Copper Toxicity in snapbeans. J. Environ. Quai
1 (2) :197-199. .0"

,

257) Warman, P. R~1986. Effects of Fertilizer, Pig Manure, and Sewage sludge on Timothy and Soils.
Journal of Environmental Quality 15 (2) :95-100.

E-191

­
""

j
:i!
'i
,.l



258) Wannan, P. R.1990. Fertilization with Manures & Legume Intercrops & their influence on Brassica
& Tomato growth, & on Tissue & Soil Copper, Manganese & Zinc. BioI. Agric. Hortic. 6 (4): 325:-33~.

259) Watson, J. E.,!. L. Pepper, M. Unger, and W. H. Fuller.1985. Yields and Leaf Elemental
Composition of Cotton Grown on Sludge Amended Soil. Journal of EnVironmental Quality 14 (~)

:174-177. . .
. .

260) Webber, L. R., and E. G. Beauchamp.1979. Cadmium concentration and distribution in com 'grown
on a calcareous soil for three years after three annual sludge applications. J. Environ. Sci. Health B 14 (5)
:459-474. .. '

261) Wells, N., and J. S. Whitton.1976. Influence of dried digested sewage sludge on yield and' element
composition on lucerne. N.Z. Journal of Agricultural Research 19:?31-341.

. , .
262) Wells, N., and J. S. Whitton.1977. Element ~mposition of tomatoes grown' on four soils mixed with
sewage sludge. Journal of Experimental Agriculture 5 :363-369.

263) Williams, C. H., and D. J. David.1973. The Effect of Phosphate on the Cadmium Content of soils &
Plants. Austr. J. Soil Res. 11 :43-56;

264) Williams, C. H., and D. J. David.1976. The accumulation in Soil of Cadrilium residues from
Phosphate Fertilizers & their Effect on the Cadmium content in the Plants. Soil Sci. 121 :86-93.,

265) Williams, C. H., and D. J. David.1977. Some effects of Distribution of Cadmium & Phophate in the
root zone on the Cd content of Plants. Austr. J. Soil Res. 15:59-68. '

266) Williams, J. H.1977. Effect of soil pH on the toxicity of zinc and nickel to .vegetable crops.
Inorganic pollution and agriculture :211-218.

267) Williams, J. H.1982. Zinc, Copper, and Nickel- Safe Limits in Sludge Treated Soils. Commission of
the European Community's Concerted Action on,Treatment and Use of Sewage Sludge at Stevenage.UI{,
:1-7.

268) Wong, M. H., W. M. Lau,S. W. Li, and C. K. Tang.1983. Root growth of 2 grass species on iron ore
tailing~ at elevated levels of manganese, Iron, and copper. Env. Research 30 (1) :26-33.

26~) Yla-Mononen, Leena, Pekka Salminen, Heikki Wuoren~e, Esa Tulisalo, and Pekka
Nuorteva.1989. Levels of Fe, AI, Zn, and Cd in Formica aquilonia, F. poluctena and Mynnica ruginodis
,(Hymenoptera, Fomicidae) cOllected in the vicinity of spruces showing different degrees of needle-losS.
Annales Entomologici Fennici 55 :57-61. '

27{) Zwarich, M. A., and J. G. Mills.1979. Effects of Sewage Sludge Application on' the Heavy Metal
Content of Wheat and Forage Crops. Can. J. Soil Science 59 (2) :231-239.

271) Zwarich, M. A., and J. G. Mills.1982. Heavy Metal Accumulation by some Vegetable Crops Grown
on Sewage Siudge- Amended Soil. Can. J. Soil. Sci. 62 (May):243-247.

E-192



.!I XI<IN:!IddV

/





TABLE F-l

TABLE F-2

•

TABLE OF CONTENTS

Page

CllR.OMIUM I)ATA F-l

COPPER DAT1\. F-49

'I,'

,I
1111111

,,11111

,ii':~

:~III:II
'1,,1

II

I
;; ~I

NICKEL DATA F-115TABLE F-3

TABLE F-4 ZINC DATA ......................................

I

F-20S

j
~,.

11
.J





\, .~

.,.-1. "

~ Itlkt~1l4~1".

TABlE F-l. CH!ROMIIUM DATA

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VQiLSOUDS AI CII Cd

CITATION NAME CULTIVAR nH % % % maJko

1 HiINIESLY 1985 CORN 3.4 263
2 HIIN'ESLY 1985 - r-- r.ORN 3.4 263
3, : HI:N'ESL..,. 1985 l :lRU , '3.4 263
4 '0'" HINESLY 1985 CORN 3.4 263
5 HI'NESLY 1985 CORN 3.4 263
6 HI'NESLY 1985 CORN 3.4 263
7 HINESLY 1985 CORN 3.4 263
8 HINESLY 1985 CORN 3.4 283
9 HINESLY 1985 CORN 3.4 263
10 HINESLY 1985 CORN 3.4 283
11 HINESLY 1985 CORN 3.4 263
12 HINESLY 1985 CORN 3.4 263
13 HINESLY 1985 CORN 3.4 263
14 HINESLY 1985 CORN 3.4 263
15 HINESLY 1985 CORN 3.4 263
16 HINESLY 1985 CORN 3.4 263
17 HINESLY 1985 CORN 3.4 263
18 HINES!.Y 1985 . CORN 3.4 263
19 HINESLY 1985 CORN .. .. 283......
20 HINESLY 1985 CORN 3.4 263
21 HINESLY 1985 CORN 3.4 283
22 HINESLY 1985 CORN 3.4 283
23 HINESLY 1985 CORN 3.4 263
24 HINESLY 1985 CORN 3.4 283.
25 HINESLY 1985 CORN 3.4 263
26 HINESLY 1985 CORN 3.4 263
27 HINESLY 1985 CORN 3.4 263
28 HINESLY 1985 CORN 3.4 263
29 HINESLY 1985 CORN 3.4 263
30 HINESLY 1985 CORN 3.4 263
31 HINESLY 1985 CORN 3.4 263
32 HINESLY 1985 CORN 3.4 263
33 HINESLY 1985 CORN 3.4 263
34 HINESLY 1985 CORN 3.4 263
35 HINESLY 1985 CORN 3.4 283
36 HINESLY 1985 CORN 3.4 263
37 HINESLY 1985 CORN 3.4 263
38 HINESLY 1985 CORN 3.4 263
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TABLE F-l (cont.)

SLUDGE SLUDGE SLUDGE . SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

1 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION '
2 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
3 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
4 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
5 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
6 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
7 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
8 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
9 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
10 2963 1422 4.5 5.9 - 316 ' 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
11 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
12 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
13 ' 2963 1422 4.5 ' 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
14 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
15 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
16 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
17 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
18 2963 1422 4.5 5.9 316 3.5 1135 50~9 0.03 2ND TRTMNT, ANAEROBIC DIGESTION .
19 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
20 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMN'r, ANAEROBIC 'DIGESTION
21 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
22 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
23 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTtiIINT, ANAEROBIC DIGESTION
24 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2NDTRTMNT, ANAEROBIC'DIGESTION
25 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND,TRTMNT, 'ANAEROBIC DIGESTION
26 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
27 . 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
28 2963 1422 4.5 5.9 '316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
29 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
30 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION
31 2963 1422 4.5 5.9 316 3.5 11~5 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
32 2963 , 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
33 2963 1422 4.5 5.9 316 3..5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DiGESTiON
34- 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
35 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

36 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03, 2ND TRTMNT, ANAEROBIC DIGESTION

37 2963 1422 . 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

38 2963 1422 4.5 . 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABlE F-l loooOt.)

SLUDG,E ANiNll SLUOGE CUMMil SLUDGE YEARS SOllt SOllll SANiD
CHEMlI'CAL LOAD'N'G RATE lOADNG RATE SIIN'CE LAST TAXONOMiC S,ER:IIES SO'lil COINTENT

STAB:lUZATN Mglhll MalhI! APPUCATN NAME NAMiE TEXTURE %

1 CENT POLY. FECL3 0 0 NA BlOUNT SI,L
2 CENT POLY. FECL3 0 0 NA BlOUNT SIL

'3 CENT PO'LY. FECL3 0 0 NA BlOUNT SIL
4 CENT PO'LY. FECL3 0 0 NA BlOUNT SIL
5 CENT PO'LY. FECL3 o ' 0 NA BLOUNT SIL
e ' CENT PO'LY. FECL3 0 0 NA BLOUNT SIL
7 CENT POLY, FECL3 0 0 NA BlOUNT SIL
8 CENT POLY. FECL3 0 0 NA BLOUNT Sil
9 CENT POLY, FECL3 0 0 NA BLOUNT Sil
10 CENT POLY, FECL3 0 0 NA BLOUNT SIL
11 CENT POLY, FECL3 14.5 31.8 0 BLOUNT SI,L
12 CENT POLY, FECL3 11.1 42.9 0 BLOUNT Sil
13 CENT POLY, FECL3 15.3 58.2 0 BLOUNT SIL
14 CENT POLY, FECL3 0 58.2 1 BLOUNT SIL
15 CENT POLY, FECL3 0 58.2 2 BLOUNT SIL
16 CENT POLY, FECL3 " 0 58.2 3 BLOUNT SIL
17 CENT POLY, FECL3 0 58.2 4 BLOUNT SIL
18 CENT POLY, FECL3 0 58.2 5 BLOUNT SIL
19 CENT POLY. FECL3 0 58.2 6 BLOUNT SIL
20 CENT POLY, FECL3 0 58.2 7 BLOUNT SIL
21 CENT POLY. FECL3 29 63.6 0 BLOUNT SIL
22 CENT POLY, f.ECL3 22.2 85.8 0 BLOUNT SIL
23 CENT POLY, FECL3 30.6 116.4 0 BLOUNT SIL
24 CENT POLY, FECL3 0 ,116.4 1 BLOUNT SIL
25 CENT POLY. FECL3 0 116.4 2 BLOUNT SIL
26 CENT POLY, FECL3 0 116.4 3 BLOUNT SiL
27 CENT POLY, FECL3 0 116.4 4 BLOUNT SIL
28 CENT POLY, FECL3 0 116.4 5 BLOUNT SIL
29 CENT POLY. FECL3 0 116.4 8 BL.OUNT SiL
30 CENT POLY, FECL3 0 118.4 • 7 BLOUNT SIL
31 CENT POLY. FECL3 57.8 127 0 BLOUNT SIL
32 CENT POLY. FECL3' 44.4 171.4 0 BLOUNT SIL
33 CENT POLY, FECL3 61.1 232.5 0 BLOUNT SIL
34 CENT PO'LY, FECL3 0 232.5 1 BLOUNT SIL
35 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL
36 CENT POLY, FECL3 0 232.5 1 BLOUNT SiL
37 CENT POLY, FECL3", 0 232.5 1 ' BLOUNT SiL
38 CENT POLY. FECl3 0 232.5 1 BLOUNT SiL

0'
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TABLE F-1 Icont.)

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE

% % cmollkg % pH RATE Ikglha) EXTRACTANT malka malka SAMPLED

1 0.85 7.8 0 HCL-HF 39 1 LEAF
2 0.9 6.9 0 HCL-HF 36 1.3 LEAF
3 0.94 7.6 0 HCL-HF 50 0.9 LEAF
4 0.93 7.6 0 HCL-HF 35 <.6 LEAF
5 0.92 7.8 0 HCL-HF 54 0.7 LEAF
6 0.87 7.5 0 HCL-HF 48 <.6 LEAF
7 0.9 7.6 0 HCL·HF 45 1.3 LEAF
8 0.88 7.5 0 HCL-HF 54 <.6 LEAF
9 0.73 7.6 0 , HCL-HF 49 <.6 LEAF
10 1 7.4 0 HCL-HF 40 <.1 LEAF
11 1.06 7.7 133 HCL·HF 74 0.8 LEAF
12 1.11 6.9 146 HCL-HF 57 1.5 LEAF
13 1.18 7.5 168 HCL-HF 73 1.2 LEAF
14 1.4 7.5 168 HCL-HF 75 <.6 LEAF
15 1.16 7.6 168 HCL-HF 82 1.6 LEAF
16 . 1.08 7.5 168 HCL·HF 82 <.6 LEAF
17 1.18 7.7 168 HCL-HF 75 0.8 LEAF
18 1.23 7.6 168 HCL·HF 95 <.6 LEAF
19 1.09 7.5 168 HCL-HF 89· <.6 LEAF
20 1.32 7.3 168 HCL·HF 63 0.2 LEAF
21 1.38 7.6 265 .HCL-HF 109 1 LEAF
22 1.12 7 292 HCL·HF 74 1.4 LEAF
23 1.29 7.4 335 HCL-HF 116 1.6 LEAF
24 1.83 7.3 335 HCL·HF 97 0.7 LEAF
25 1.36 7.5 335 HCL-HF 114 0.6 LEAF
26 1.34 7.2 335 HCL·HF 99 0.7 LEAF
27 1.6 7.4 335 HCL·HF 107 0.9 LEAF
28 1.31 7.3 335 HCL-HF 145 <.8 LEAF
29 1.54 7.1 335 HCI.,-HF 104 <.6 LEAF
30 1.62 7.1 335 . HCL·HF 87 <.1 LEAF
31 1.62 7.6 . 529 HCL-HF 180 1 LEAF
32 1.63 6.8 583 HCL-HF 135 1.1 LEAF
33 1.94 7.3 , 670 HCL-HF 178 1 LEAF
34 2.5 7.2 670 HCL·HF 199 0.6 LEAF
35 1.83 7.3 670 HCL·HF 175 1.2 . LEAF
36 1.88 7.2 670 HCL-HF 175 <.6 LEAF
37 2.03 7.3 670 HCL·HF 180 1.1 LEAF

~,' "',
38 1.6 7.1 670 HCL-HF 207 <.6 LEAF
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TABLE F-1 (oont.)

EXPERIMENTAL YI'ElD YIIELD YllElD YIIELD
PROTOCOL REDUCTION COMPO'NIENT REDUCTION COMPO'N'ENT MeTAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY.

1 SLUDGE. FIIELD. MATURITY 0 GRAIN 0 STOVER NO
2 SLUD'GE. RELD. MATURITY 0 GRAIIN 0 STOVER NO
3 SLUDGE. R:ELD, MATURITY 0 GRAIN 0 STOVER NO
4 SLUDGE. FIELD, MATURITY 0 GRAI'N 0 STOVER NO
5 SWD'GE. RELD, MATURITY 0 GRAIN 0 STOVER NO
8 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO
7 SLUDGE. RIELD. MATURITY 0 GRAIN 0 STOVER NO
8 SLUDGE, FIELD. MATURITY 0 GRAIN 0 STOVER NO
9 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO
10 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
11 SLUDGE. FIELD. MATURITY 0 GRAIN NA STOVER NO
12 SLUDGE. FIELD, MATURITY 0 GRAIIN 0 STOVER NO
13 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
14 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
15 SLUDGE.RELD,MATURITY 0 GRAIN 0 STOVER NO
18 SLUDGE RELD, MATURITY 0 GRAIN 0 STOVER NO
17 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
18 SLUDGE, FIELD. MATURITY 0 GRAIN 0 STOVER NO
19 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO.
20 SLUDGE, RELD. MATURITY 0 GRAIN 0 STOVER NO
21 SLUDGE. FI,ELD. MATURITY 0 GRAIN NA STOVER NO
22 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
23 SLUDGE.RELD.MATURITY 0 GRAIN 0 . STOVER NO
24 SLUD'GE. FIELD. MATURITY 0 GRAtN 0 . STOVER NO
25 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
28 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
27 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
28 SLUDGE, RELD. MATURITY 0 GRAIN 0 STOVER NO
29 SLUDGE. RELD, MATURITY O' GRAIN 0 STOVER NO
30 SLUDGE. RELD, MATURITY 0 GRAIN 0 STOVER NO
31 SLUDGE. FIELD. MATURITY 0 GRAIN NA STOVER NO
32 SLUDGE. FI,ELD. MATURITY 0 GRAIN 0 STOVER NO
33 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO
34 SLUDGE, FIELD. MATURITY 0 GRAIN 0 STOVER NO
35 SLUDGE, RELD. MATURITY 0 GRAIN 0 STOVER NO
36 SLUDGE, RELD. MATURITY 0 GRAIN 0 STOVER NO
37 SLUDGE."FIELD. MATURITY 0 GRAIN 0 STOVER NO
38 . SLUDGE FIELD MATURITY 0 GRAIN 0 STOVER NO
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TABLE F-1 (cant.l

LOCATION
OF

COMMENTS STUDY

1 JOLIET, ILLINOIS
2 JOLIET, ILLINOIS
3 JOLIET, ILLINOIS
4 JOLIET, ILLINOIS
5 JOLIET, ILLINOIS
6 JOLIET, ILLINOIS
7 JOLIET, ILLINOIS
8 JOLIET, ILLINOIS
9 JOLIET, ILLINOIS
10 JOLIET, ILLINOIS
11 JOLIET, ILLINOIS
12 JOLIET, ILLINOIS
13 JOLIET, IlliNOIS
14 JOLIET, ILLINOIS
15 JOLIET, ILLINOIS
16 JOLIET, ILLINOIS
17 JOLIET, ILLINOIS
18 JOllET,lLlINOIS
19 JOLIET, ILLINOIS
20 .. JOLIET, ILLINOIS
21 JOLIET, ILLINOIS
22 JOLIET, ILLINOIS
23 JOLIET, ILLINOIS
24 JOLIET, ILLINOIS

.25 JOLIET, ILLINOIS
26 JOLIET, ILLINOIS
27 JOLIET, ILLINOIS
28 JOLIET, ILLINOIS
29 JOLIET, ILLINOIS
30 JOLIET, ILLINOIS
31 JOLIET, ILLINOIS
32 JOLlET,ILLlNOIS
33 JOLIET, ILLINOIS
34 JOLIET, ILLINOIS
35 JOLIET, ILLINOIS
36 JOLIET, ILLINOIS
37 JOLIET, ILLINOIS
38 JOLIET ILLINOIS
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TABLE 1=-1 (oan,t.1

SLUOGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUOGE VOLSOUDS AI C. Cd

CITATION NAME CULTIVAR DH % % % ma./ka

39 HINESLY 1985 CORN 3.4 283
40 HiINESLY 1985 _roORN 3.4 263-
41 HINESLY 1985 I. )RN . 3.4 263
42

-----':;-
.,,1 HIN'ESLY 1985 CORN 3.4 263

43 HINESLY 1985 CORN 3.4 283
44 HINESLY 1985 CORN 3.4 263
45 HINESLY 1985 CORN 3.4 263
48 HINESLY 1985 CORN 3.4 263
47 HINESLY 1985 CORN 3.4 263
48 HINESLY 1985 CORN 3.4 263
49 HINESLY 1985 CORN 3.4 263
50 HINESLY 1985 CORN 3.4 263
51 HINESLY 1985 CORN 3.4 263
52 HINESLY 1985 CORN 3.4 263
53 HINESLY 1985 CORN 3.4 263
54 HINESLY 1985 CORN 3.4 263
55 HINESLY 1985 CORN 3.4 263
56 HINESLY 1985 CORN 3.4 263
57 HINESLY1985 CORN 3.4 263
58 HINESLY 1985 CORN 3.4 263
59 HINESLY 1985 CORN 3.4 263
50' HINESLY 1985 CORN 3.4 263
61 HINESLY 1985 CORN 3.4 263
62 HINESLY 1985 CORN 3.4 263, ,
63 HINESLY 1985 CORN 3.4 283
64 HINESLY 1985 CORN 3.4 263
65 HINESLY 1985 CORN 3.4 263
68 HINESLY 1985 CORN 3.4 283
67 HINESLY 1985 CORN 3.4 263
68 HINESLY 1985 CORN 3.4 263
89 HINESLY 1985 CORN 3.4 263
70 HINESLY 1985 CORN 3.4 263
71 HINESLY 1985 CORN 3.4 263
72 HINESLY 1985 CORN 3.4 263
73 HINESLY 1985 CORN 3.4 263
74 HINESLY 1985 CORN 3.4 263
75 HINESLY 1985 CORN 3.4 263
76 HINESLY 1985 CORN 3.4 263
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TABLE F-l (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka molko molka CONTNT PROCESSING-
39 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

, 40 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
41 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
4~ 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
43 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
44 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
45 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
46 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
47 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
48 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
49 2963 1422 4.5 5.9 316 3.5 1135 , 5059 0.03 2NDTRTMNT, ANAEROBIC DIGESTION·
50 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
51 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION·
52 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
53 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
54 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
55 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
56 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION ~

57 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
58 2963 1422 4.5 5.9 316 3.5 1135 " 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
59 2963 1422 4.5 5.9 316 3.5 1,135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
60 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
61 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
62 , 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC "DIGESTION
63 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
64 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
65 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
66 2963 1422 4.5 5.9 '316 3.5 1135 5059 0.03 ~ND TRTMNT, ANAEROBIC DIGESTION
67 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
68 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION
69 2963 1422 4.5 5.9 316 '3.5 1135 5059 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION
70 2963 , 1422 4.5 '5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
71 2963 1422 4.5 5.9 316 a.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
72, 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
73 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
74 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03· 2ND TRTMNT, ANAEROBIC DIGESTION

75 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

76 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABlE F-1 {oont.t

SLUDGE ANiNlL SLUDGE CUMML SLUDGE YEARS SOIIl SOIIIl SAND
CHEMlICAIl LOAONG RATE LOAONG RATE SINCE LAST TAXONOMIC SERIIES SO,IIL CONTENT

STABIUZATN Maths Ma/h8 APPUCATN NAME NAME TEXTURE %

39 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL
40 CENT POLY, FECL3 0 232.5 1 BLOUNT SIL
41 CENT POLY, FECL3 0 0 NA ELLIOT SIL
42 CENT POllY, FECL3 0 0 NA ELLIOT SiL
43 CENT POLY, FECL3 0 0 NA ELLIOT SIL
44 CENT POLY, FECL3 0 a NA ELLIOT SIL
45 CENT POLY, FECL3 0 0 NA ELLIOT SiL
46 CENT PO'LY, FECL3 0 0 NA ELLIOT. SiL
47 CENT POLY, FECL3 0 0 NA ELLIOT SiL
48 CENT POLY, FECL3 0 0 NA ELLIOT SiL
49 CENT POLY, FECL3 0 0 NA ELLIOT SIL
50 CENT POLY, FECL3 0 0 NA ELLIOT SIL
51 CENT POLY, FECL3 14.5 31.8 0 ELLIOT SiL'
52 CENT POLY, FECL3 11.1 42.9 0 EUIOT SiL
53 CENT POLY, FECL3 15.3 : 58.2 0 ELLIOT SIL
54 CENT POLY, FECL3 0 58.2 1 EUIOT SiL
55 CENT POLY, FECL3 . 0 58.2 2 EUIOT SiL
56 CENT POLY, FECL3 0 58.2 3 EUIOT SIL
57 CENT POLY, FECL3 0 58.2 4 eWOT S!L
58 CENT POLY, FECL3 0 58.2 5 ELLIOT SiL
59 CENT POLY, FECL3 0 58.2 6 ELLIOT SiL
60 CENT POLY, FECL3 0 58.2 7 EUIOT SIL
61 CENT POLY, FECL3 29 63.6 0 ELLIOT SIL
62 CENT POLY, FECL3 22.2 . 85.8 0 ELLIOT SIL
63 CENT POLY, FECL3 30.6 116.4 0 ELLIOT SiL
64 CENT POLY, FECL3 0 116.4 l' ELLIOT SIL
65 CENT POLY, FECL3 0 116.4 2 ELLIOT SiL
66 CENT POLY, FECL3 0 116.4 3 EWOT SiL
67 CENT PO,LY, FECL3 0 116.4 4 EWOT SIL
68 CENT POLY, FECL3 0 116.4 • 5 ElliOT SIL
69 CENT POLY, FECL3 0 116.4 6 EUIOT SiL
70 CENT POLY, FECL3 0 116.4 7 ELLIOT SiL
71 CENT POLY, FECL3 57.8 127 0 EUIOT SiL
72 CENT POLY, FECl3 44.4 171.4 0 ELLIOT SiL
73 CENT POLY, FECL3 61.1 232.5 0 ELLIOT SiL
74 CENT POLY, FECL3 69.8 302.3 0 ELLIOT SiL
75 CENT POLY, FECL3 54 356.3 0 ELLIOT SiL
76 CENT POLY FECL3 72 428.3 0 ELLIOT SiL
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TABLE F·l (cont.)

SILT CLAY SOIL SOIL CUMM CR SOiL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOiL LOADING SOIL CONCENTRTN CONCENTRTN TiSSUE

% % cmollka % oH RATE (ka/hal EXTRACTANT malka maiko SAMPLED

39 1.54 7.1 670 HCL-HF 126 <.6 LEAF
40 I 1.84 7 670 . HCL·HF 121 0.2 LEAF
41 1.64 7.6 0 HCL·HF 31 1 LEAF
42 1.61 6.8 0 HCL·HF 37 2.2 LEAF
43 1.54 7.2 0 HCL·HF 40 1.1 LEAF
44 1.53 7.2 0 HCL·HF 34 <.6 LEAF
45. 1.54 7 0 HCL-HF 42 2.1 LEAF
46 1.51 7 0 HCL·HF 41 <.6 LEAF
47 1.58 7.4 0 HCL·HF 38 2.7 LEAF
48 1.54 7.2 0 HCL·HF 50 <.6 LEAF
49 " 1.51 7 0 HCL·HF 60 <.6 LEAF
50 1.62 7 0 HCL·HF 37 <.1 LEAF
51 1.64 7.3 133 HCL·HF 64 1 • LEAF
52 1.84 6.8 146 HCL·HF 73 1.5 LEAF
53 1.74 7.1 168 HCL·HF 65 0.9 LEAF
54 2.18 7.1 223 HCL·HF 73 <.6 L1;AF
55 1.86 7.2 266 HCL·HF 74 0.6 LEAF
56 1.67 7.2 321 HCL·HF 74 <.6 LEAF
57 1.83 7.5 321 HCL-HF 88' <.6 LEAF
58 1.55 7.2 321 HCL·HF 90 <.6 LEAF
59 1.68 7 321 HCL·HF 81 0.7 LEAF
60 1.89 7.1 321 HCL·HF 71 <.1 LEAF
61 1.97 7.8 265 HCL-HF 121 1.2 LEAF
62 1.81 7 292 HCL·HF 96 1.3 LEAF
63 1.88 7.3 335 HCL·HF 106 1.4 LEAF
64 2.21 7.3 440 HCL·HF 99 <.6 LEAF
65 1.99 7.4 525 HCL·HF 116 2.9 LEAF
66 1.89 7.3 635 HCL·HF 112 <.6 LEAF
67 1.94 7.4 635 HCL·HF 102 2.1 LEAF
68 1.72 7.4 635 HCL·HF 155 <.6 LEAF
69 1.79 . 7.2 635 HCL·HF 110 <.6 LEAF
70 1.87 7.2 635 HCL·HF 91 <.1 LEAF
71 2.23 7.5 ' 529 HCL·HF

, 216 1.2 LEAF
72 2.22 6.4 583 HCL·HF 145 1.2 LEAF
73 2.28 6.5 670 HCL·HF 174 1 . LEAF
74 2.61 6.5 880 HCL·HF 188 <.6 LEAF
75 2.74 6.5 1050 HCL·HF 242 1 LEAF
76 2.94 5.9 1269 HCL·HF 248 <.6 LEAF
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TABlE F-1 (cant.)

EXPERIMENTAt YI'ELD YIELD Y1iELD YIELD
PHOTOCOIL REDUCTION COMiPONiENT REO'UCnON COMPON'ENT MetAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

39 SLUOGE, RIELD, MATURITY 0 GRAIN 0 STOVER NO
40 SLUDGE, RELD, MATURITY 0 GRAJiN 0 STOVER NO
41 SLUD'GE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
42 SLUDGE, RELD,·MATURITY 0 GRAIN 0 STOVER NO
43 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
44 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
45 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
46 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
47 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
48 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
49 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
50 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
51 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
52 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
53 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
54 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
55 SLUDGE"FIELD, MATURITY 0 GRAIN 0 STOVER NO
56 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
57 SLUDGE, FIELD, MATURITY 0 G"·'''· ft STOVER NO"#\11'f v

58 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
59 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
60 SLUDGE, FIELD, MATURITY a GRAIN 0 STOVER NO
61 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
62 SLUDGE, FIELD, MATURITY. 0 GRAIN 0 STOVER NO
63 SLUD'GE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
64 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
65 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
66 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
67 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
68 SLUDGE, FIELD, MATURITY a . GRAIN 0 STOVER NO
69 SLUDGE, FIELD, MATURITY a GRAIN 0 STOVER NO
70 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
71 SLUDGE, RELD MATURITY 0 GRAIN NA STOVER NO
72 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
73 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
74 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
75 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
76 SLUDGE 'FiELD MATURITY 0 GRAIN 0 STOVER NO

;"
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TABLE F·1 (cont:)

LOCATION
OF

COMMENTS STUDY

39 JOLIET, ILLINOIS
40 JOLIET, ILLINOIS
41 JOLIET, ILLINOIS
42 JOLIET, ILLINOIS
43 JOLIET, ILLINOIS
44 JOLIET, ILLINOIS
45 JOLIET, ILLINOIS
46 JOLIET, ILLINOIS
47 JOLIET, ILLINOIS
48 JOLIET, ILLINOIS
49 JOLIET, ILLINOIS
50 JOLIET, ILLINOIS
51 JOLIET, ILLINOIS
52 JOLIET, ILLINOIS
53 JOLIET, ILLINOIS
54 JOLIET, ILLINOIS
55 JOLIET, ILLINOIS
56 JOLIET, ILLINOIS
57 " JOLIET, ILLINOIS
58 JOLIET, ILLINOIS
59 JOLIET, ILLINOIS
60 . JOLIET, ILLINOIS
61 JOLIET, ILLINOIS
62 JOLIET" ILLINOIS
,63 JOLIET, ILLINOIS
64 JOLIET, ILLINOIS
65 JOLIET, ILLINOIS
66 JOLIET, ILLINOIS
67 JOLIET, ILLINOIS
68 JOLIET, ILLINOIS
69 JOLIET, .ILLINOIS
70 JOLIET, ILLINOIS
71 JOLIET, ILLINOIS
72 JOLIET, ILLINOIS
73 JOLIET, ILLINOIS
74 JOLIET, ILLINOIS
75 JOLIET, ILLINOIS
76 JOLIET ILLINOIS
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TABlE F-1 (oan't.)

SLUDG,E SLUDGE SLUDGE SLUDG,E
LITERATURE PLANT SLUDGE VOtSOUDS AI C. Cd

CITATION NAME CUtnVAR DH % % % mgJka

77 HIIN'ESLY 1985 CORN 3.4 263
78 HINESLY 1985 - _CORN 3.4 263
79 , HINESLY 1985 • 'lRN . 3.4 263
80 .", HIINESLY 1985 CORN 3.4 263
81 HINESLY 1985 CORN 3.4 263
82 HINESLY 1985 CORN 3.4 263
83 HINESLY 1985 CORN 3.4 263
84 HINESLY 1985 CORN 3.4 263
85 HINESLY 1985 CORN 3.4 263
86 HINESLY 1985 CORN 3.4 263
87 HINESLY 1985 CORN 3.4 263
88 HINESLY 1985 CORN 3.4 263
89 HINESLY 1985 CORN . 3.4 263 .
90 HINESLY 1985 CORN 3.4 263
91 HINESLY 1985 CORN 3.4 263
92 HINESLY 1985 CO,RN 3.4 263
93 HINESLY 1985 CORN 3.4 263
94 HINESLY 1985 CORN 3.4 263
95 HINESLY 1985 CORN 3.4 263
98 HINESLY 1985 CORN 3.4 263
97 HINESLY 1985 CORN 3.4 263
98 HINESLY 1985 CORN 3.4 263
99 HINESLY 1985 CORN 3.4 263

100 HINESLY 1985 CORN 3.4 263.
101 HINESLY 1985 CORN 3.4 263
102 HINESLY 1985 CORN 3.4 283
103 HINESLY 1985 CORN 3.4 283
104 HINESLY 1985 CORN 3.4 263
105 HINESLY 1985 CORN . 3.4 283
108 HINESLY 1985 CORN 3.4 283
107 HINESLY 1985 CORN 3.4 283
108 HINESLY 1985 CORN 3.4 263
109 HINESLY 1985 . CORN· 3.4 263
110 HINESLY 1985 CORN 3.4 283
111 HINESLY 1985 CORN 3.4 263
112 HINESLY 1985 CORN 3.4 283
113 HINESLY 1985 CORN 3.4 263
114 HINESLY 1985 CORN 3.4 263
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TABLE F-l (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko maiko % % maiko maiko maiko maiko CONTNT PROCESSING

77 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
78 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
79 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
80 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
81 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
82 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
&3 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
84 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
85 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
86 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
87 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION'
88 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
89 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
90 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
91 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
92 2963 1422 4.5 5.9 . 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
93 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
94 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
95 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION .,
96 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
97 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION
98 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
99 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2NDTRTMNT, ANAEROBIC DIGESTION
100 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
101 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND :TRTMNT, ANAEROBIC DIGESTION
102 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
103 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
104 2963 1422 4.5 5.9 '316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
105 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
106 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION
107 2963 1422 4.5 5.9 316 ·3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
108 2963 . 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
109 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
110 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
111 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
112 2963 1422 4.5 5.9 316 3,5 1135 5059 0.03 .. 2ND TRTMNT, ANAEROBIC DIGESTION
113 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
114 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABLE F-1 (conto)

SLUD'GE ANNlSLUDGE CUMMl SLUDGE YEARS SOIL SOlll SANID
CHiEMICAL lOADNG RATE lOADNG RATE SINCE LAST TAXONOMIC SERIIES SOlll CONTENT

STABIUZATN MalhI! Math8 APPUCATN NAME NAME TEXTURE %

77 CENT POLY. FECL3 0 428.3 1 ELLIOT Sit
78 CENT POLY. FECL3 0 428.3 2 EWOT Sil
79 CENT PO'lY. FECl3 0 428.3 3 EWOT Sil
80 CENT POLY. FECl3 0 428.3 4 EWOT Sil
81 CENT POLY. FECl3 0 0 NA PLAINFIELD Sl
82 CENT POLY, FECL3 .() 0 NA PLAINFIELD Sl
S3 CENT POLY. FECL3 0 0 NA PLAINFIELD Sl
84 CENT POLY. FECl3 0 0 NA . PlAINFlIElD SL
85 CENT POLY, FECl3 0 0 NA PLAINFIELD Sl
81S CENT POLY. FECL3 0 0 NA PLAINFIELD SL
87 CENT POLY. FECl3 0 0 NA PLAINFIELD SL
88 CENT POLY. FECL3 0 0 NA PLAINFIELD SI.
89 CENT POLY. FECl3 0 0 NA PLAINFIELD Sl
90 CENT POLY. FECL3 0 0 NA PLAINFIELD Sl
91 CENT POLY. FECl3 14.5 31.8 0 PLAINFIELD SL
92 CENT POLY. FECl3 11.1 42.9 0 PLAINFIELD SL
93 CENT POLY. FECl3 15.3 58.2 0 PLAINFIELD Sl
94 CENT POLY. FECL3 0 58.2 1 PLAINFIELD SL
95 CENT POLY, FECL3 0 58.2 2 PLAINFIELD 51.
98 CENT POLY. FECL3 0 58.2 3 PLAINFIELD SL
97 CENT POLY. FECl3 0 58.2 4 PLAINFIELD 5L
98 CENT POLY, fECl3 0 58.2 5 PLAINFIELD SL'
99 CENT POLY, FECL3 0 58.2 IS PLAINFIELD SL
100 CENT POLY, FECl3. 0 58.2 7 PLAINFIELD 5l
101 CENT POLY, FECl3 29 83.6 0 PLAINFIELD 5l
102 CENT POLY, FECl3 22.2 85.8 0 PLAINFIELD 5L
103 CENT POLY, FECl3 30.8 116.4 0 PLAINFIELD 5l
104 CENT POLY, FECl3 0 116.4 1 PLAINFIELD 5l
105 CENT POLY, FECl3 0 116.4 2 PLAINFIELD 5L
lOIS CENT POLY, FECL3 0 116.4 • 3 PLAINFIELD 5L
107 CENT POLY, FECL3 0 116.4 4 PLAINFIELD 5L
108 CENT POLY, FECL3 0 116.4 5 PLAINFIELD 5L
109 CENT POLY, FECL3 0 116.4 6 PLAINFIELD SL
110 CENT POLY, FECl3 0 116.4 7 PLAINFIELD SL
111 CENT POLY, FECL3 57.8 127 0 PLAINFIELD 5L
112 CENT POLY, FECL3 44.4 171.4 0 PLAINFIELD 5L
113 CENT POLY, FECL3 61.1 232.5 0 PLAINFIELD SL
114 CENT POLY FECL3 69.8 302.3 0 PLAINFIELD SL
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TABLE F-l (cant.1

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE

% % cmollko % pH RATE (kolhal EXTRACTANT maiko maiko SAMPLED

77 3.92 5.9 1269 HCL-HF 294 0.6 LEAF
78 3.77 5.8 1269 HCL-HF 432 <.6 LEAF
79 2.6 6.1 1269 HCL-HF 193 0.6 LEAF
80 3.2 6.1 1269 HCL-HF 220 0.2 LEAF
81 0.39 7.8 0 HCL-HF 22 1.1 LEAF
82 0.17 7.1 0 HCL·HF 16 1.4 LEAF
83 0.26 7.3 0 HCL-HF 23 1 LEAF
84 0.27 6.8 0 HCL-HF 25 <.6 LEAF
85 0.33 7.6 0 HCL-HF 31 0.8 LEAF
86 0.27 7.5 0 HCL-HF 22 <.6 LEAF
87 0.29 7.5 0 HCL-HF 16 2.4 LEAF
88 0.42 7.4 0 HCL·HF 29 <.6 LEAF
89 0.49 7.4 0 HCL-HF 38 0.7 . LEAF
90 0.64 7.3 0 HCL-HF 25. 0.2 LEAF
91 0.36 7.6 133 HCL-HF 67 1.2 LEAF
92 0.28 7.1 146 HCL-HF 38 0.9 LEAF
93 0.61 7.4 168 HCL·HF 48 1.2 LEAF
94 0.91 7.3 223 HCL-HF 58 0.7 LEAF
95 0.56 7.4 266 HCL·HF 59' 0.8 LEAF
96 0.58 7.1 321 HCL·HF 55 <.6 LEAF
97 0.45 7.5 321 HCL·HF 43 1.3 LEAF
~8 0.34 7.7 321 HCL-HF 55 <.6 LEAF
99 0.47 7.4 321 HCL·HF 85 0.8 LEAF
100 ; 0.83 7.4 321 HCL·HF ; 52 0.6 LEAF
101 0.58 7.5 265 HCL·HF 129 1.7 tEAF
102 0.44 6.9 292 HCL-HF 56 1.4 LEAF
103 0.81 7.1 335 HCL·HF 83 1 LEAF
104 0.95 6.8 440 HCL·HF 83 0.8 LEAF
105 0.75 7.1 525 HCL-HF 103 1.3 LEAF
106 0.96 7.1 635 HCL-HF 69 <.6 LEAF
107 0.59 6.9 ,. 635 HCL·HF 91 1.3 LEAF
108 0.89 7 635 HCL·HF 90 <.6 LEAF
109 0.81 7.1 635 HCL-HF 105 0.8 LEAF
110 0.52 7.1 635 HCL·HF 39 <.1 LEAF
111 0.9 7.6 529 HCL-HF 273 1 . LEAF
112 0.6 6.6 583 HCL-HF 93 1.1 LEAF
113 2.4 6.8 670 HCL·HF 226 1.2 LEAF
114 1.85 6.5 880 HCL·HF 93 <.6 LEAF
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TABlE F-1 (co,nt.)

EXP'ERIMENTAL .. YliELD YI,ELD YIIElD YIIELD
PROTOCOL REDUCTIO'N COMPONENT REDUCTIO,N COMPON'IENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

77 SLUD'GE. FIELD. MATURITY ' 0 GRAIN 0 STOVER NO
78 SLUDGE. FI'ELD. MATURITY 0 GRAIIN 0 STOVER N'O
79 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
80 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
81 SLUDGE. FIELD. MATURITY NA GRAIN 0 STOVER NO
82 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
83 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
84 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
85 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
86 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
87 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
88 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
89 . SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
90 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
91 SLUDGE. FIELD. MATURITY 0 GRAIN NA STOVER NO
92 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
93 SLUDGE, FIELD. MATURITY 0 GRAIN 0 STOVER NO
94 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
95 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
96 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
97 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER, NO
98 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
99 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NO
100 SLUDGE. FIELD. MATURITY 0 GRAIN 0 STOVER NQ
101 SLUDGE. FIELD. MATURITY NA GRAIN NA STOVER NO
102 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO
103 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
104 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
105 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
106 SLUDGE, FIELD, MATURITY o , GRAIN 0 STOVER NO
107 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
108 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
109 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
110 SLUDGE, FIELD, MATURITY ,0 GRAIN 0 STOVER NO
111 SLUDGE, FIELD, MATURITY NA GRAIN NA STOVER NO
112 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
113 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
114 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO
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TABLE F-1 (coot.)

LOCATION
OF

COMMENTS STUDY

77 JOLIET, ILLINOIS
78 JOllET,lLLINOIS
79 JOLIET, ILLINOIS
80 JOLIET, ILLINOIS
81 JOLIET, ILLINOIS
82 JOLIET, ILLINOIS
83 JOLlET,ILLlNOIS
84 JOLIET, ILLINOIS
85 JOLIET, IUlNOIS
86 JOLIET, ILLINOIS
87 . JOLIET, ILLINOIS
88 JOLlET,ILLlNOIS
89 JOLIET, ILLINOIS
90 JOLIET, ILLINOIS
91 JOLlET,ILLlNOIS
92 JOLIET, ILLINOIS
93 JOLIET, ILLINOIS
94 JOLIET, ILLINOIS
95 JOLIET, ILLINOIS
96 JOLlET,ILLlNOIS
97 JOLlET,ILLlNOIS
98 JOLIET, ILLINOIS
99 JOLlET,ILLlNOIS
100 .JOLIET, ILLINOIS
.101 JOLIET, ILLINOIS
102 JOLIET, ILLINOIS
103 JOLIET, ILLINOIS
104 JOLlET,ILLINOIS
105 JOLIET, ILLINOIS
108 JOLIET, ILLINOIS
107 JOLIET, ILLINOIS
108 JOLlET,ILLINOIS
109 . , JOLIET, ILLINOIS
110 JOLIET, ILLINOIS
111 JOLIET, ILLINOIS
112 JOLIET, ILLINOIS
113 JOLIET, ILLINOIS
114 JOLIET ILLINOIS
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TABtE F-l ~co'"'t.)

SLUDGE SLUDGE SWO'GE SLUDGE
UTERATURE PtANT SLUDGE votSOUOS AI Ca Cd

CITATION NAME CULTIVAR DH % % % maiko

115 HINESLY 1985 CORN 3.4 263
116 HIIN'ESLY 1985 - I- r.9RN 3.4 263
117, HII'NESLY 1985 l. :JRN , 3.4 263
118 d'l HiIINESLY 1985 CORN 3.4 263
119 HII'NESLY 1985 CORN 3.4 263
120 HINESLY 1985 CORN 3.4 263
121 BI'NESLY 1985 CORN 3.2 265
122 HINESLY 1985 CORN 3.2 265
123 HINESLY 1985 CORN 3.2 265
124 HINESLY 1985 CORN 3.2 265
125 HINESLY 1985 CORN 3.2 265
128 HINESLY 1985 CORN 3.2 265
127 HINESLY 1985 CORN 3.2 265
128 HINESLY 1985 CORN 3.2 265
129 HINESLY 1985 CORN 3.2 265
130 HINESLY 1985 CORN 3.2 265

. 131 HINESLY 1985 CORN 3.2 265
132 HINESLY 1985 CORN 3.2 285..... HINESLY i 985 CORN 3.2 265.",..
134 HINESLY 1985 CORN 3.2 265
135 HINESLY 1985 CORN 3.2 265
138 HINESLY 1985 CORN 3.2 265
137 HINESLY 1985 CORN 3.2 265
138 HINESLY 1985 . CORN 3.2 265·
139 HINESLY 1985 CORN 3.2 265
140 HINESLY 1985 CORN 3.2 265
141 HINESLY 1985 CORN 3.2 265
142 HINESLY 1985 CORN 3.2 265
143 HINESLY 1985 CORN 3.2 265
144 HINESLY 1985 CORN 3.2 265
145 HINESLY 1985 CORN 3.2 265
148 HINESLY 1985 CORN 3.2 265
147 HINESLY 1985 CORN 3.2 265
148 HINESLY 1985 CORN 3.2 265
149 HINESLY 1985 CORN 3.2 285
150 HINESLY 1985 CORN 3.2 265
151 HINESLY 1985 CORN 3.2 265
152 HINESLY 1985 CORN 3.2 265
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TABLE F-1 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko maiko % % maiko maiko ' maiko maiko CONTNT PROCESSING

115 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION '
116 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
117 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
118 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
119 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
120 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
121 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
122 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
123 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
124 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
125 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
126 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
127 2846 1311 4.2 5;5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
128 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
129 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
130 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
131 2846, 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
132 2846 1311 4.2 5.5 305 3.3 1169 476$ 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
133 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND'TRTMNT, ANAEROBIC DIGESTION
134 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNt, ANAEROBIC DIGESTION
135 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
136 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
137 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
138 2846 1311 4.2 , 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
139 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND ,TRTMNT, ANAEROBIC DIGESTION
140 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

, 141 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
142 2848 1311 4.2 5.5 '305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
143 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
144 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION
145 2846 1311 4.2 5.5 305 3.3 116$ 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
146 2846 . 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
147 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
148 2846 1311 4.2 5.6 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
149 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
150 2846 1311 4.2 5.5 305 3.3 1169 . 4769 0.03. 2ND TRTMNT, ANAEROBIC DIGESTION
151 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION
152 2846 1311 ' 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBiC DIGESTION
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TABLE f.1 'oo,nt.)

SLUO'GE ANINIL SLUDGE CUMML SLUDGE YEARS SOlt SOJIL SAN'O
CHEMICAL LOAON'G RATE LOAON'G RATE SINCE LAST TAXONOMIC SERIes SOIL CONTENT

STABIUZATN Ma/hlS MalhI! APPUCATN NAME NAME TEXTURE %

115 CENT potY. FECL3 54 358.3 0 PLAINFIELD SL
116 CENT POLY. FECL3 72 428.3 0 PLAIINIFI,ELD SL
117 CENT POLY. FECL3 0 428.3 1 PLAINFI'ELD SL
118 CENT POLY. FECL3 0 428.3 2 PLAINFIELD SL
119 CENT POLY. FECL3 0 428.3 3 PLAINFIELD SL
120 CENT POLY. FECL3 0 428.3 4 PLAINFI'ELD SL
121 CENT PO'LY. FECL3 0 0 NA BLOUNT SiL
122 CENT PO'LY. FECL3 0 0 NA BLOUNT· SIL
123 CENT POLY. FECL3 0 0 NA BLOUNT SiL
124 CENT POLY. FECL3 0 0 NA BLOUNT SIL
125 CENT POLY. FECL3 0 0 NA BLOUNT Si,L
126 CENT POLY. FECL3 26.2 40.1 0 BLOUNT SIL
127 CENT POLY. FECL3 8.1 48.2 0 BLOUNT SIL'
128 CENT POLY. FECL3 14.7 62.9 0 BLOUNT SiL
129 CENT POLY, FECL3 17.7 80.6 0 BLOUNT SiL
130 CENT POLY. FECL3 13.1 93.7 0 BLOUNT SIL
131 CENT POLY. FECL3 52.4 80.2 0 BLOUNT SiL
132 CENT POLY. FECL3 16.2 96.4 0 BLOUNT . SiL
133 CENT POLY. FECL3 29.4 125.8 0 BLOUNT SiL
134 CENT POLY. FECL3 35.4 161.2 0 BLOUNT SIL
135 CENT POLY. FECL3 26.2 187.4 0 BLOUNT SIL
136 CENT POLY. FECL3 104.8 160.4 0 BLOUNT SIL
137 CENT POLY. FECL3 32.4 192.8 0 BLOUNT SiL
138 CENT POLY. FECL3 58.8 . 251.6 0 BLOUNT SIL
139 CENT POLY. FECL3 70.8 322.4 0 BLOUNT SiL
140 CENT POLY. FECL3 52.4 374.8 0 BLOUNT SiL
141 CENT POLY. FECL3 0 0 NA ELLIOT SIL
142 CENT POLY. FECL3 0 0 NA ELLIOT SIL
143 CENT POLY. FECL3 0 0 NA EUIOT SIL
144 CENT POLY. FECL3 0 0 NA EWOT SiL
145 CENT POLY. FECL3 0 0 NA . ELLIOT SIL
146 CENT POLY. FECL3 0 0 NA ELLIOT SiL
147 CENT POLY, FECL3 0 0 NA ELLIOT SiL
148 CENT POLY. FECL3 0 0 NA ELLIOT SiL
149 CENT POLY, FECL3 0 0 NA ELLIOT SIL
150 CENT POLY. FECL3 0 0 NA ELLIOT SiL
151 CENT POLY. FECL3 0 0 NA ELLIOT SiL
152 CENT POLY, FECL3 26.2 40.1 0 ELLIOT SiL
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TABLE F·1 (cont.)

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE

% % cmollka % pH RATE (kothe) EXTRACTANT malka molka SAMPLED

115 1.78 6.1 1050 HCL-HF 218 1.3 LEAF
116 1.96 6.2 1269 HCL-HF 224· 0.7 LEAF
117 2;84 6 1269 HCL·HF 268 0.9 LEAF
118 3.35 5.9 1269 HCL-HF 522 <.6 LEAF
119 2.1 6.2 1269 HCL-HF 234 <.6 LEAF
120 3.03 6.1 1269 HCL-HF 352 0.3 LEAF
121 1.19 NA 0 HCL·HF 36 1 LEAF
122 1.01 7.1 0 HCL-HF 28 1.1 LEAF
123 0.93 7.5 0 HCL·HF 47 1.2 LEAF
124 1.05 7.7 0 HCL-HF 40 0.6 LEAF
125 1.07 7.3 6 HCL-HF 47 0.9 LEAF
126 1.29 NA 138 HCL-HF 54 1 LEAF
127 1.06 7.2 148 HCL-HF 50 1.1 LEAF
128 1.1 7.6 167 HCL-HF 83 0.9 LEAF
129 1.29 7.6 218 HCL-HF 71 0.8 LEAF
130 1.17 7.6 261 HCL-HF 103 1.3 L1;AF
131 1.38 NA 276 HCL-HF 71 - 1 LEAF
132 1.15 7.1 296 HCL-HF 56 0.9 LEAF
133 1.29 7.6 334 HCL-HF 95- 1.6 LEAF
134 1.58 7.6 436 HCL-HF 93 <.6 LEAF
135 1.75 7.5 521 HCL-HF 146 0.7 LEAF
136 1.63 NA _ 551 HCL-HF 110 1 LEAF
.137 1.28 6.9 591 HCL·HF 96 1.1 LEAF
138 ; 1.59 7.5 667 HCL·HF 150 . 1.1 LEAF
139 1.9 7.5 872 HCL-HF 142 0.7 L"EAF
140 2.56 7.3 1042 HCL-HF 329 0.7 LEAF
141 1.51 NA 0 HCL·HF 31 0.9 LEAF
142 1.34 7 0 HCL-HF 27 1 LEAF
143 1.29 7.2 0 HCL-HF 47 1.2 LEAF
144 1.45 7.1 0 HCL-HF 35 0.9 LEAF
145 1.3 7.6 0 HCL·HF 48 <.6 _ LEAF
146 . 1.3 7 0 HCL·HF 48 <.6 LEAF
147 1.41 7.2 0 HCL·HF 45 <.6 LEAF
148 1.32 6.7 0 HCL-HF 49 <.6 LEAF
149 1.38 7 0 HCL-HF 44 <.6 LEAF
150 1.69 7 0 HCL·HF 38 0.2 LEAF
151 1.48 7.4 0 HCL-HF 45 NA LEAF
152 1.52 NA 138 HCL-HF 53 1 LEAF
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TABlE Fool (cont..)

EXPERIMENTAL YIIELD YIELD YIIELD YIELD
PROTOCOil REDUCTION COMPONENT REDUCTION COMiPONIENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

115 SLUDGE, FlIELD MATURITY 0 . GRAIN 0 STOVER N'O
116 SLUDGE, FIELD, MATU'RITY 0 GRAIN 0 STOVER NO
117 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
118 SLUD'GE, FIELD, MATU'RITY 0 GRAIN 0 STOVER NO
119 SLUDGE, FlIELD, MATURITY 0 GRAIN 0 STOVER NO

,120 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
121 SLUDGE, FIIELD, MATURITY 0 GRAIN NA STOVER NO
122 SLUDGE, FlIELD, MATURITY 0 'GRAIN 0 STOVER NO
123 SLUDGE, FIELD MATURITY 0 GRAIN 0 STOVER NO
124 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER" NO
125 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
126 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
127 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
128 SLUDGE, FIELD, MATURITY 0 GRAIN 37- STOVER -NO
129 SLUDGE, FIELD, MATURITY 60- GRAIN 0 STOVER "NO
130 SLUDGE, FIELD, MATURITY 28- GRAIN 0 STOVER -NO
131 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
132 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
iSS SLUDGE, FIELD, MATURiTY 0 GRAIN 22" STOVER "NO
134 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
135 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
136 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
137 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
138 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
139 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
140 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
141 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
142 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
143 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
144 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
145 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
146 SLUDGE, FIELD, MATURITY 0 GRAIN' 0 STOVER NO
147 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
148 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
149 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
150 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
151 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
152 SLUDGE FIELD, MATURITY 0 GRAIN NA STOVER NO
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TABLE F-1 (coot.)

LOCATION
OF

COMMENTS STUDY

115 JOLIET, ILLINOIS
116 JOLIET, ILLINOIS
117 JOLIET, ILLINOIS
118 JOLIET, ILLINOIS
119 JOLIET, ILLINOIS
120 JOLIET, ILLINOIS
121 JOLIET, ILLINOIS
122 JOLIET, ILLINOIS
123 JOLIET, ILLINOIS
124 JOLIET, ILLINOIS
125 JOLIET, ILLINOIS
126 JOLIET, ILLINOIS
127 JOLIET, ILLINOIS
128 -DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT' JOLIET, ILLINOIS
129 -DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
130 -DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
131 JOLIET, ILLINOIS
132 JOLIET, ILLINOIS
133 -DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
134 JOLIET, ILLINOIS
135 , JOLIET, ILLINOIS
136 JOLIET, ILLINOIS
137 JOLIET, ILLINOIS
138 ; ; JOLIET, ILLINOIS
139 JOLIET. ILLINOIS
140 JOLIET, ILLINOIS
141 JOLIET. ILLINOIS
142 JOLIET, ILLINOIS
143 JOLIET, ILLINOIS
144 JOLIET, ILLINOiS
145 JOLIET, ILLINOIS
146 JOLIET, ILLINOIS
147 , ' , , JOLIET, ILLINOIS
148 JOLIET, ILLINOIS
149 JOLIET, ILLINOIS
150 ," JOLIET, ILLINOiS
151 JOLIET, ILLINOIS
152 JOLIET, ILLINOIS
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TABLE F-l (oont.)

SLUD'GE SLUDGE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOtSOUDS AI Ca Cd

CITATION NAME CULTIVAR oH % % % maJl<a

153 HINESLV 1985 CORN 3.2 265
154 HINESLV 1985 "- CORN 3.2 265-
155 HINESLV 1985 . \ 'lRN • 3.2 265. .
156 .,-, HINESLV 1985 CORN 3.2 265
157 HINESLV 1985 CORN 3.2 265
15B HINESLV 1985 CORN 3.2 265
159 HINESLV 1985 CORN 3.2 265
160 HINESLV 1985 CORN 3.2 265
161 HINESLV 1985 CORN 3.2 265
162 HINESLV 1985 CORN 3.2 265
163 HINESLV 1985 CORN 3.2 265
164 HINESLV 1985 CORN 3.2 265
165 HINESLV 1985 CORN 3.2 265
166 HINESLV 1985 CORN 3.2 265
167 HINESLV 1985 CORN 3.2 265
16B HINESLV 1985 CORN 3.2 265
169 HINESLV 1985 CORN 3.2 265
170 HINESLV 1985 CORN 3.2 265
171 HINESLV 1985 CORN 3.2 255
172 HINESLV 1985 CORN 3.2 265
173 HINESLV 1985 CORN 3.2 265
174 HINESLV 1985 CORN 3.2 265
175 HINESLV 1985 • CORN 3.2 265
176 ; HINESLV 1985 CORN ; 3.2 .265·
177 HINESLV 1985 CORN 3.2 265
17B HINESLV 1985 CORN 3.2 265
179 HINESLV 1985 CORN 3.2 265
180 HINESLV 1985 CORN 3.2 265
181 HINESLV 1985 CORN 3.2 265
182 HINESLV 1985 CORN 3.2 265
183 HINESLV 1985 CORN 3.2 265

184 HINESLV 1985 CORN 3.2 265
185 HINESLV 1985 CORN 3.2 265

186 HINESLV 1985 CORN 3.2 265
187 HINESLV 1985 CORN 3.2 265
188 HINESLV 1985 CORN 3.2 265
189 HINESLV 1985 CORN 3.2 265
190 HINESLV 1985 CORN 3.2 265
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TABLE F-1 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

153 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
154 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
155 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
156 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
157 2846 1311 4.2 . 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
158 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
159 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
160 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
161 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
162 2846 ' 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
163 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION
164 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
165 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION .
166 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION '.
167 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
168 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
169 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
170 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION
171 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
172 2846 1311 4.2 5.5. ' 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
173 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION .
174 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
175 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
176 : 2846 1311 4.2 5.5 305 3.3 : 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
177 2846 1311 4.2 5.5 305 3.3 1169 . 4769 0.03 2ND'TRTMNT, ANAEROBIC DIGESTION
178 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
179 . 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
180 2846 1311 4.2 5.5' '305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
181 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2NDTRTMNT, ANAEROBIC DIGESTION
182 2846 1311 4.2 5.5 305 3.3 ,. 1169 4769 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION
183 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TR:rMNT, ANAEROBIC DIGESTION
184 2846 , 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
185 2846 1311 4.2 5.5 305 3..3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
186 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
187 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
188 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03· 2ND TRTMNT, ANAEROBIC DIGESTION
189 2846 1311 . 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
190 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABlE F-l (oont.)

SLUDGE ANINt SLUDGE CUMML SLUDGE YEARS SOIIL SOIIIL SAND.
C~IEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXON'OMIC SERIES SO'IIL CONTENT

STABIUZATN Mathll MalhI! APPUCATN NAME NAME TEXTURE %

153 CENT POLY. FECL3 8.1 48.2 0 ELUOT SiL
154 CENT POLY. FECL3 14.7 62.9 0 ELUOT Siil
155 CENT POLY. FECL3 17.7 80.6 0 ELUOT SiL
156 CENT POLY. FECL3 13.1 93.7 0 ELLIOT SiL
157 CENT POLY. FECL3 17.8 111.5 0 EWOT SiL
158 CENT POLY. FECL3 0 111.5 1 ELUOT SiL
159 CENT POLY. FECL3 0 111.5 2 ELLIOT Sit
160 CENT POLY. FECL3 0 111.5 3 ELLIOT. Si'L
161 CENT PO'LY. FECL3 0 111.5 4 ELUOT SiL
162 CENT POLY. FECL3 0 111.5 5 ELLiOT SiL
163 CENT POLY. FECL3 52.4 80.2 0 ELLIOT SIL
164 CENT POLY. FECL3 16.2 96.4 0 ELUOT SIL
165 CENT POLY. FECL3 29.4 125.8 0 ELUOT SIL"
166 CENT POLY. FECL3 35.4 161.2 0 ELUOT SiL
167 CENT POLY. FECL3 26.2 187.4 0 EWOT SiL
168 CENT POLY. FECL3 35.6 223 0 ELLIOT SiL
169 CENT POLY. FECL3 0 223 1 ELLIOT SiL
170 CENT POLY. FECL3 0 223 2 ELLIOT SiL
4"4 CEr~T POLY. fEe\.3 n 223 3 ELUOT Sil1# I v

172 CENT POLY, FECL3 0 223 4 ELUOT SiL
173 CENT POLY, FECL3 0 223 5 EWOT SiL
174 CENT POLY, FECL3 104.8 160.4 0 ELUOT SIL
175 CENT POLY, FECL3 32.4 192.8 0 ELUOT SiL
176 CENT POLY, FECL3 58.8 251.6 0 : ELLIOT SIL
177 CENT POLY, FECL3 70.8 '. 322.4 0 ELUOT SiL
178 CENT POLY, FECL3 . 52.4 374.8 o' ELUOT SiL
179 CENT POLY, FECL3 71.2 446 0 ELUOT SiL
180 CENT POLY, FECL3 0 446 1 ELLIOT SiL
181 CENT POLY, FECL3 0 446 2 ELUOT SiL
182 CENT POLY, FECL3 0 446 3 ElliOT SiL
183 CENT POLY, FECL3 0 446 4 ELUOT SiL
184 CENT POLY. FECL3 0 446 5 EWOT SIL
185 CENT POLY, FECL3 0 0 NA PLAINFIELD SL
186 CENT POLY, FECL3 0 0 NA PLAINFIELD SL
187 CENT POLY. FECL3 0 0 NA PLAINFIELD SL
188 CENT POLY. FECL3 0 '0 NA PLAINFIELD SL
189 CENT POLY, FECL3 0 0 NA PLAINFIELD SL
190 CENT POLY FECL3 0 0 NA PLAINFIELD SL
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TABLE F-l (cont.)

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE

.'" % cmollkg % pH RATE (kg/ha) EXTRACTANT mglkg malkg SAMPLED

153 1.4 6.9 148 HCL·HF 42 0.9 LEAF
154 1.35 7.2 167 HCL·HF 64 1.7 LEAF
155 1.58 .7.4 218 HCL-HF 65 2 LEAF
156 1.54 7.1 261 HCL·HF 84 <.6 LEAF
157 1.64 6.9 318 HCL·HF 99 0.6 LEAF
158 1.69 6.9 318 HCL·HF 94 1.4 LEAF
159 1.91 7 318 HCL·HF 116 <.6 LEAF
160 1.66 7.3 318 HCL·HF 110 <.6 LEAF
161 2.05 7.1 318 HCL·HF .100 <.1 LEAF
162 1.95 7.2 318 HCL·HF 78 NA LEAF
163 1.71 NA 276 HCL·HF 65 1.1 LEAF
164 1.57 6.9 296 HCL·HF 51 1 LEAF
165 1.57 7.3 334 HCL·HF 85 1.6 . LEAF
166 1.79 7.1 436 HCL·HF 83 0.9 • LEAF
167 1.93 6.9 521 HCL·HF 117 <.6 LEAF
168 2.09 6.6 634 HCL·HF 99 1.2 LEAF
169 2.37 6.4 634 HCL·HF 145 1 LEAF·
170 2.4 6.4 634 HCL·HF 235 1.8 LEAF
171 2.4 6.8 634 HCL·HF 173 . <.6 LEAF
172 2.38 6.8 634 HCL-HF 122 0.2 LEAF
173 2.48 7.2 634 HCL·HF 131 NA LEAF
174 '2.06 NA 551 HCL-HF 91 1 LEAF
175 2 6.4 591 HCL·HF 106 1.1 LEAF
176 : 1.76 6.4 667 : HCL·HF 106 1.9 LEAF
177 2.67 6.2 872 HCL·HF 149 0.6 L:EAF
178 2.72 6.1 1042 HCL-HF 235 0.8 'LEAF
179 3.53 5.4 1268 HCL·HF 311 1.9 LEAF
180 3.35 5.5 1268 HCL·HF 272 -. 0.6 LEAF
181 3.29 5.8 1268 HCL·HF 314 2.6 LEAF
182 2.68 6 1268 HCL·HF 207 <.6 LEAF
183 3.02 6 1268 HCL-HF 179 0.2 LEAF

, 184 2.2 6.3 1268 HCL·HF 132 NA LEAF
185 0.36 NA 0 HCL·HF 12 1.1 LEAF
186 0.17 7 0 HCL·HF 13 1.4 LEAF
187 0.21 7.2 0 HCL·HF 22 1.2 LEAF
188 0.42 7.1 0 HCL·HF 19 <.6 LEAF
189 0.44 7 0 HCL·HF 29 <.6 LEAF
190 0.56 6.9 0 HCL·HF 15 <.6 LEAF
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TABlE F-l (oon,t.)

EXP'ER:IMENTAL YIELD YI:ELD YIELD YIELD
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

153 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
154 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
155 SLUDGE, FIELD, MATURITY 60- GRAIN 0 STOVER -NO
156 SLUDGE, FIELD, MATURITY 28- GRAIN 0 STOVER -NO
157 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
158 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
159 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
160 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
161 SLUDGE, FIIELD, MATURITY 0 GRAIN 0 STOVER NO
162 SLUDGE. FIELD, MATURITY 0 GRAIN 0 STOVER NO
163 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
164 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
165 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
166 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
167 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
168 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
169 SLUDGE,RELD,MATURITY 0 GRAIN 0 STOVER NO
170 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
171 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
172 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
173 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
174 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
175 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
176 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER ; NO
177 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
178 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
179 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
180 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
181 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
182 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
183 SLUDGE, RELD, MATURITY 0 GRAIN 0 STOVER NO
184 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
185 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
186 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
187 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
188 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
189 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
190 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO
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TABLE F-l(cont.1

LOCATION
OF

COMMENTS STUDY

153 JOLIET, ILLINOIS
154 JOLIET, ILLINOIS
155 *DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
156 *DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOiS
157 JOLIET, ILLINOIS
158 . JOLIET, ILLINOIS
159 JOLIET, ILLINOIS
160 JOLIET, ILLINOiS
161 JOLIET, ILLINOIS
162 JOLIET, ILLINOIS
163 JOLIET, ILLINOIS
164 JOLIET, ILLINOIS
165 JOLIET, ILLINOIS
166 JOLIET, ILLINOIS
167 JOLIET, ILLINOIS
168 JOLIET, ILLINOIS.
169 JOLIET, ILLINOIS
170 JOLIET, ILLINOIS
171 JOLIET, ILLINOIS
172 JOLIET, ILLINOIS
173 JOLIET, ILLINOIS
174 JOLIET, ILLINOIS
175 JOLIET, ILLINOIS
176 : JOLIET, ILLINOIS :

~77 JOLIET, ILLINOIS
178 JOLIET, ILLINOIS
179 JOLIET, ILLINOIS
180 JOLIET, ILLINOIS
181 JOLIET, ILLINOIS
182 JOLIET, ILLINOIS
183 JOLIET, ILLINOIS
184 JOLIET, ILLINOIS
185 , JOLIET, ILLINOIS
186 JOLIET, ILLINOIS
187 JOLIET, ILLINOIS
188 JOLIET, ILLINOIS
189 JOLIET, ILLINOIS
190 JOLIET. ILLINOIS

F-30

j



"

,-..'. ..

,I. ,IIM~\IIII~~",

TABLE F-1 (oo,nt.)

SLUDGE SLUOGE SLUDGE SLUDGE
LITERATURE PLANT SLUD'GE VOLSOUDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % maiko

191 HINESLY 1985 CORN 3.2 265
192 HINIESLY 1985 - _CORN 3.2 265
193 , HINESLY 1985 ~ RN . 3.2 265.

. 194 '. I HINESLY 1985 CORN 3.2 265
195 HINESLY 1985 CORN 3.2 265
196 HINESLY 1985 CORN 3.2 265
197 HINESLY 1985 CORN 3.2 265
198 HINESLY 1985 CORN 3.2 265
199 HINESLY 1985 CORN 3.2 265
200 HINESLY 1985 CORN 3.2 265
201 HINESLY 1985 CORN 3.2 265
202 HINESLY 1985 CORN 3.2 265
203 HINESLY 1985 CORN • 3.2 265
204 HINESLY 1985 CORN 3.2 265
205 HINESLY 1985 CORN 3.2 265
206 HINESLY 1985 CORN 3.2 265
207 HINESLY 1985 CORN 3.2 265
208 HINESLY 1985 CORN 3.2 265
209 HINES!..Y 1985 CORN 3.2 255
210 HINESLY 1985 CORN 3.2 265
211 HINESLY 1985 CORN 3.2 265
212 HINESLY 1985 CORN 3.2 265
213 HINESLY 1985 CORN 3.2 265
214 HINESLY: 1985 CORN 3.2 265,
215 HINESLY 1985 CORN 3.2 265
216 HINESLY 1985 CORN 3.2 265
217 HINESLY 1985 CORN 3.2 265
218 HINESLY 1985 CORN 3.2 265
219 HINESLY 1985 CORN 3.2 265
220 HINESLY 1985 CORN 3.2 265

221 HINESLY 1985 CORN 3.2 265
222 HINESLY 1985 CORN 3.2 265
223 HINESLY 1985 CORN 3.2 285
224 HINESLY 1985 CORN 3.2 285
225 HINESLY 1985 CORN 3.2 285
228 HINESLY 1985 CORN 3.2 265
227 HINESLY 1985 CORN 3.2 265
228 HINESLY 1985 CORN 3.2 265
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TABLE F·1 (cant.)

SLUDGE SLUDGE SLUDGE " SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOUDS BIOLOGICAL

malka maiko % 0"- maiko maiko molko maiko CONTNT PROCESSING

191 2846 1311 '4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION "
192 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
193 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT,ANAEROBIC DIGESTION
194 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
195 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION
196 2846 "1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
197 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
198 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
199 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT,.ANAEROBIC DIGESTION
200 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
201 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
202 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
203 2846 1311 4.2 . 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
204 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
205 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
206 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
207 2846 1311 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION
208 2846 . 1311 4.2 5.5 305 3.3 1169 47~9 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
209 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
210 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT,'ANAEROBIC 'DIGESTION
211 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 " 2ND TRTMNT, ANAEROBIC DIGESTION
212 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
213 . 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
214 2846 1311 4.2 : 5.5 305 3.3 1169 4769 0.03 2NDTRTMNT, ANAEROBIC 'DIGESTION
215 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND:TRTMNT, 'ANAEROBIC DIGESTION
218 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
217 . 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 '2ND TRTMNT, ANAEROBIC DIGESTION
218 2848 1311 4.2, 5.5 '305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
219 2846 1311 4.2 5.5 305 3.3 1169' 4769 2ND TRTMNT, ANAEROBIC DIGESTION
220 2846 1311 4.2 5.5' 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
221 2848 1311 4.2 5.5 305 • 3.3 1169 4769 0.03 ' 2ND TRTMNT, ANAEROBIC DIGESTION
222 2846 . 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
223 2848 1311 4.2 5.5 305 ,3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
224 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
225 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
226 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03. ' 2ND TRTMNT, ANAEROBIC DIGESTION
227 2846 1311 ' 4.2 5.5 305 3.3 . 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

228 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION-
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TABLE F-l (oont.)

SLUDGE ANNL SLUD'GE CUMML SLUDGE YEARS SO'liL SOI'L SAND
CHEMICAL LOADNG RATE lOADNG RATE SINCE LAST TAXONOMIC SERIES SO'liL CONTENT

STABIIUZATN MalhI! MalhI! APPUCATN NAME NAME TEXTURE %
--- _.

191 CENT PO'LY, FECL3 0 0 NA PLAI'NFI'ElD SiL
192 CENT POllY, FECL3 0 0 NA PLAINFIELD SL
193 CENT POLY, FECl3 0 0 NA PLAINFI,ELD SL

·194 CENT POllY, FECl3 0 0 NA PLAINFIELD . SL
195 CENT POLY, FECl3 0 0 NA PLAINFI'ELD SL
196 CENT POLY FECL3 26.2 40.1 0 PLAINFI'ElD SL
197 CENT POLY, FECl3 8.1 48.2 0 PLAINFl'ElD SL
198 CENT POLY, FECL3 14.7 62.9 0 PLAINFIELD SL
199 CENT POLY, FECl3 17.7 80.6 0 PLAINFI,ELD SL
200 CENT POLY, FECl3 13.1 93.7 0 PLAINFIELD SL
201 CENT POLY, FECl3 17.8 111.5 0 PLAINFIELD SL
202 CENT POLY, FECl3 0 111.5 1 PLAINFIELD SL
203 CENT POLY, FECl3 0 111.5 2 PLAINFIELD SL'
204 CENT POLY, FECl3 0 111.5 3 PLAINFIELD Sl
205 CENT POLY, FECl3 0 111.5 4 PLAINFIELD Sl
206 CENT POLY, FECL3 0 111.5 5 PLAINFIELD Sl
207 CENT POLY, FECl3 52.4 80.2 0 PLAINFIELD Sl
208 CENT POLY, FECL3 16.2 96.4 0 PLAINFIELD SL
209 CENT POLY, FECL3 29.4 125.8 0 PLAINFIELD SL
210 CENT POLY, FECl3 35.4 161.2 0 PLAINFIELD SL
211 CENT POLY, FECl3 26.2 187.4 0 PlAINFl,ELD SL
212 CENT POLY, FECl3 35.6 223 0 PLAINFIELD SL
213 CENT POLY, FECL3 0 223 1 PLAINFIELD SL
214 CENT POLY, FECL3 0 223 2: PLAINFIELD SL :

215 CENT POLY, FECl3 0 223 3 PLAINFIELD SL
216 CENT POLY, FECL3 0 223 4 PLAINFIELD SL
217 CENT POLY, FECL3 0 223 5 PLAINFIELD SL
218 CENT POLY, FECL3 104.8 160.4 0 PLAINFIELD SL
219 CENT POLY, FECl3 32.4 192.8 0 PLAINFIELD Sl
220 CENT POLY, FECL3 58.8 251.6 0 PLAINFIELD SL
221 CENT POLY, FECL3 70.8 322.4 0 PLAINFIELD SL
222 CENT POLY, FECL3 52.4 374.8 0 PLAINFIELD SL
223 CENT POLY, FECL3 71.2 446 0 PLAINFIELD Sl
224 CENT POLY, FECl3 0 446 1 PLAINFI,ELD SL
225 CENT POLY, FECl3 0 446 2 PLAINFIELD SL
226 CENT POLY, FECl3· 0 446 3 PLAINFIELD SL
227 CENT POLY, FECl3 0 446 4 PLAINFIELD SL
228 CENT POLY, FECL3 0 446 5 PLAINFIELD SL
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TABLE F-1 (cant.)

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANT CR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TiSSUE

% % cmollka % pH RATE (ka/ha) EXTRACTANT malka malka SAMPLED
,

191 0.48 7 0 HCL·HF 34 0.8 LEAF
192 0.75 7 0 HCL-HF 54 1.2 LEAF
193 0.76 7 0 HCL·HF 46 0.7 LEAF
194 1.21 6.9 0 HCL·HF 46 0.4 LEAF
195 0.84 7.1 0 HCL-HF 53 NA LEAF
196 0.31 NA 138 HCL-HF 29 1.2 LEAF
197 0.44 7.2 148 HCL-HF 37 1.4 LEAF
198 0.63 7.3 167 HCL-HF 68 1.2 LEAF
199 0.67 7.5 218 HCL-HF 52 1.2 LEAF
200 0.78 7 261 HCL-HF 97 1.3 LEAF
201 0.8 7 318 HCL-HF 87 1.7 LEAF
202 0.99 6.6 318 HCL-HF 105 6.2 LEAF
203 1.42 7.1 318 HCL-HF 135 0.9 LEAF
204 1.71 7.2 318 HCL-HF 179 <.6 LEAF
205 1.82 7.2 318 HCL-HF 153 0.8" LEAF
206 1.96 7.1 318 HCL·HF 119 NA LEAF
207 0.43 NA 276 HCL-HF 47 1.5 LEAF
208 0.51 7.1 296 HCL·HF 60 1 LEAF
209 0.94 7 334 HCL-HF 106" 1.2 LEAF
210 1.16 7.2 436 HCL-HF 102 0.8 LEAF
211 1.4 7 521 HCL-HF 151 4 LEAF
212 1.75 6.4 634 HCL-HF 183 0.8 LEAF
213 2 6.3 634 HCL-HF 189 0.8 LEAF
214 2.16 6.8 : 634 HCL-HF 207 <.8 : LEAF
215 2.02 8.8 634 HCL-HF 250 0.7 LEAF
216 2.33 7.1 634 HCL-HF 212 <.1 LEAF
217 1.66 7 634 HCL-HF 199 NA LEAF
218 0.73 NA 551 HCL-HF 115 1 LEAF
219 0.57 8.8 591 HCL·HF 75 1.3 LEAF
220 1.3 6.7 667 HCL-HF 136 1.2 LEAF
221 1.42 6.8 872 HCL-HF 169 0.8 LEAF
222 2.4 6.4 1042 HCL·HF 341 <.6 LEAF
223 2.76 6.1 1268 HCL-HF 327 0.8 LEAF
224 3.44 5.8 1268 HCL-HF 344 3.8 LEAF
225 3.16 5.9 1268 HCL-HF . 452 1.3 • LEAF
226 3.28 6.2 1268 HCL~HF 334 0.7 LEAF
227 3.1 6.4 1268 HCL-HF 347 <.1 LEAF
228 3.15 6.5 1268 HCL-HF 379 NA LEAF
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TABLE F-1 (oonLI

EXPERIMENTAL YiELD YIELD YIIELD YIIELD
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

191 SLUDGE FIELD, MATURITY 0 GRAIN 0 STOVER NO
192 SLUDGE FIIELD, MATURITY 0 GRAIIN 0 STOVER NO
193 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
194 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
195 SLUDGE, FI,I:LD, MATURITY 0 GRAIN o· STOVER NO
196 SLUDGE, FI'ELD, MATURITY 0 GRAIN NA STOVER NO

·197 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
198 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
199 SLUDGE, FIELD, MATURITY 60- GRAIN 0 STOVER -NO
200 SLUDGE, FIELD, MATURITY 60- GRAIN 0 STOVER -NO
201 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
202 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
203 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
204 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
205 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO.
206 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
207 SLUDGE,.FIELD, MATURITY NA GRAIN NA STOVER NO
208 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
209 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
210 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
211 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
212 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
213 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
214 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
215 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
216 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
217 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
218 SLUDGE, FIELD, MATURITY 0 GRAIN NA STOVER NO
219 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
220 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
221 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
222 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
223 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
224 SLUDGE, FIELD, MATURITY ,0 GRAIN 0 STOVER NO
225 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
226 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
227 SLUDGE, FIELD, MATURITY 0 GRAIN 0 STOVER NO
228 SLUDGE FIELD MATURITY 0 GRAIN 0 STOVER NO
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TABLE F-1 (cont.)

LOCATION
OF

COMMENTS STUDY

191 JOLIET, ILLINOIS
192 JOLIET, ILLINOIS
193 JOLIET, ILLINOIS
194 JOLIET, ILLINOIS
195 JOLIET, ILLINOIS
196 JOLIET, ILLINOIS
197 JOLIET, ILLINOIS
198 JOLIET, ILLINOIS
199 *DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
200 *DOSE RESPONSE AND TISSUE CR CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
201 JOLIET, ILLINOIS
202 JOLIET, ILLINOIS
203 JOLIET, ILLINOIS
204 JOLIET, ILLINOIS

.
205 JOLIET, ILLINOIS
206 JOLIET, ILLINOIS
207 JOLIET, ILLINOIS
208' JOLlET,IWNOIS
209 JOLIET, ILLINOIS
210 JOLIET, IWNOIS
211 JOLIET, ILLINOIS
212 Ii" JOLIET, ILLINOIS
213 JOLIET, ILLINOIS
214 : JOLIET, ILLINOIS
215 JOLIET, ILLINOIS
218 . JOLIET, ILLINOIS
217 JOLIET, ILLINOIS
218 JOLIET. ILLINOIS
219 JOLIET. ILLINOIS
220 .. JOLIET. ILLINOIS
221 JOLIET, ILLINOIS
222 JOLIET, ILLINOIS
223 JOLIET, ILLINOIS
224 JOLIET. ILLINOIS
225 JOLIET. ILLINOIS
226 JOLIET, ILLINOIS
227 JOLIET, ILLINOIS
228 JOLIET ILLINOIS
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TABLE F-1 (oon,t.)

SLUDGE SLUDGE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOLSOUDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % molka

229 CHAKRABARTI, C. & T. CHAKRABARTI, 1988. '29 WHEAT HOM 1553 8.4
23'0 CHAKRABARTI, C. & T. CHAKRABARTI, 1988.I2Q_ _ WHEAT HOM 1553
231 CHAKRAB,..BTI, C. & T. CHAKRABARTI, 1988. fI ~ \, !EAT. HOM 1553
232 ., GUlES ET AL 1989 OAT HARMON 4.6
233 GILLIES ET AL 1989 OAT HARMON 4.6
234 GILLIES ET AL 1989 OAT HARMON 4.6
235 KIRKHAM 1983 SORGHAM MOENCH. 6.7 29.2
236 KIRKHAM 1983 SORGHAM MOENCH. 6.7 29.2
237 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
238 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
239 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
240 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
241 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
242 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
243 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
244 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
245 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
246 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
247 WEBBER 1972 RED BEET
248 WEBBER 1972 RED BEET
249 WEBBER 1972 RED BEET
250 WEBBER 1972 RED BEET
251 WEBBER 1972 RED BEET
252 WEBBER 1972: RED BEET ;

253 WEBBER 1972 CELERY
254 WEBBER 1972 CELERY
255 WEBBER 1972 CELERY
256 WEBBER 1972 CELERY
257 WEBBER 1972 CELERY
258 WEBBER 1972 CELERY
259 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
260 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
261 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 . 46 1.4 3.3 265
262 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
263 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
264 PIETZ ET AL 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
265 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71

266 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
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TABLE F-1 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

229 N/D 10 30 Well Water(Control)
230 45 428 562 Well Water + 10 t/hll sludge
231 45 428 562 Well Water + 20 t/hll sludge
232 191 143 26.3 27200 194 420
233 191 143 26.3 27200 194 420
234 191 143 26.3 27200 194 420
235 851 375 35.6 21300 124 1890
236 '851 375 35.6 21300 124 1890
237 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
238 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
239 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBiC DIGESTED
240 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
241 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
242 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
243 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
244 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
245 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
246 1100 2020 1.8 2.73 4.4 4.37 2560 213P AIR DRY ANAEROBIC DIGESTED
247
248 240 1100 210 3000
249 9750 795 130 900
250 9750 795 130 900
251 240 1100 210 3000
252 9750 795 130 : 900 :

253
254 240 1100 .. 210 3000
255 . 9750 795 130 900
256 9750 795 '130 900
257 240 1100 210 3000
258 9750 795 130 900
259 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON
260 3505 . 1471 4.3 .4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
261 3505 1471 4.3 4.5 425 3.42 ·850 3600 0.052 SECONDARY, ANAER DiGEST, LAGOON
262 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON
263 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON
264 775 460 2.2 0.5 116 0.87 293 1100 0.66. SECONDARY, ANAER DIGEST, LAGOON
265 775 460 . 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON
266 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY ANAER DIGEST, LAGOON
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TABLE F-1 (oonU

SLUDGE ANNll SLUDGE CUMML SLUDGE YEARS SO'lll SOIIL SAND
CHiEM~CAL LOADNG RATE LOADNG RATE SIINCELAST TAXONOMIC SERIIES SO'IIL CONTENT

STABIUZATN Ma/ha MalhI! APPUCATN NAME NAME TEXTURE %
-

229 Clayev
230 10 10 0 Clavoy
231 20 20 0 Clayey
232 0 0
233 75 75
234 150 150
235 0 0 Typic Udifluvont Havnill finll sandy loam
236 32 128 Typic Udifluvont Haynill . flnll sandy loam
237 0 0 0 TYPIC TAPWDOLL WAUKEGAN SIL
238 25 25 0 TYPIC TAPLUDOLl WAUKEGAN Sil

··239 50 50 0 TYPIC TAPLUDOLL WAUKEGAN SIL
240 100 100 0 TYPIC TAPLUDOLl WAUKEGAN SiL
241 200 200 0 TYPIC TAPLUDOLL WAUKEGAN Sil-
242 0 0 1 TYPIC TAPLUDOLL WAUKEGAN SiL
243 25 25 1 TYPIC TAPLUDOLL WAUKEGAN SiL
244 50 50 1 TYPIC TAPLUDOLL WAUKEGAN Sil
245 100 100 1 TYPIC TAPLUDOLl WAUKEGAN Sil
246 200 200 1 TYPIC TAPLUDOLl WAUKEGAN Sil
247 0 0 0
248 125.5 125.5 2
249 125.5 125.5 2
250 125.5 125.5 2
251 31.4 94.2 0
252: 31.4 94.2 : 0 :

253 0 0 0
254 125.5 125.5 2
255 125.5 125.5 2
256 125.5 125.5 2

. 257 31.4 94.2 0
258 31.4 94.2 0
259 POLYMER,FECL3 0 0 0 STRIP MINE SPOil
260 POLYMER,FECl3 0 0 0 STRIP MINE SPOIL
261 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL
262 POLYMER,FECl3 0 0 0 STRIP MINE SPOIL
263 POLYMER,FECl3 0 0 0 STRIP MINE SPOIL
264 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL
265 POLYMER,FECL3 0 0 0 STRIP MINE SPOil
266 POLYMER FECL3 0 0 0 STRIP MINE SPOIL
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TABLE F-1 (cant.)

SILT CLAY SOIL SOIL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOiL CONCENTRTN CONCENTRTN TISSUE

% % cmollko % pH RATE (ko/ha) EXTRACTANT molko ' malka SAMPLED

229 0.7 8 HCL04IHN03 17 3 Earhead
230 0.7 8 HCL04IHN03 27 3.1 Earhead
231 0.7 8 HCL04IHN03 31 3.4 Earhll8d
232 28 9.6 43 Root
233 72 Root
234 56 Root
235 ' 7 0 0.2 0.398 Leaves
236 5.9 108.9 0.24 0.2 Leaves
237 6.5 0 N.L. 3.3 LEAF
238 6.5 28 N.L. 3.6 LEAF
239 6.5 55 N.L. 6.9 LEAF
240 6.5 110 N.L. 7.4 LEAF
241 6.5 220 N.L. 11.9 LEAF
242 6.5 0 N.L. 0.7 LEAF
243 6.5 28 N.L. 0.7 LEAF
244 6.5 55 N.L. 0.8 LEAF
245 6.5 110 N.L. 0.6 LEAF
246 6.5 220 N.L. 0.5 LEAF
247 6.1 0 .5MHOAC N.R.'
248 NR 29 •5MHOAC N.R•
249· NR 552 •5MHOAC N.R•
250 NR 1104 .5MHOAC N.R.
251 NR 22 .5MHOAC N.R.
252 : NR 104 •5MHOAC N.R• :

253 6.1 0 .5MHOAC N.R.
254 NR 29 .5MHOAC N.R.
255 NR 552 .5MHOAC N.R.
256 NR 1104 .5MHOAC N.R.
257 NR 22 .5MHOAC N.R.
258 NR 104 .5MHOAC N.R.
259 0.44 7.5 0 0.1 MHCI 6.5 0.67 LEAF
260 0.36 7.5 0 0.1 MHCI 5.2 0.79 LEAF
261 0.36 7.5 0 0.1 M HCI 4.2 6.47 LEAF
262 0.46 7.5 0 0.1 M HCI 5.3 6.03 LEAF
263 0.46 7.5 0 0.1 M HCI ' 4.97 7.15 . LEAF
264 0.73 7.5 0 0.1 M HCI 4.03 0.44 LEAF
265 0.73 7.5 0 0.1 M HCI 10.5 0.3 LEAF
266 0.7 7.5 0 0.1 M HCI 9.17 0.24 LEAF
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TABlE F-1 (oont.)

EXPERIIMENTAL YI'ELD YIIELD YIIELD YIIELD
PROTOCOL REDucnOIN COMIPONIENT REDUCTION COMPONENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

-

229 SALT. FIELD. MATURITY 0 Wholll Plant 0 GRAIN
230 SALT. FIELD. MATURITY 0 Wholll PI·llnt 0 GRAIN
231 SALT. FIELD. MATURITY 0 Wholll Plllint o . GRAIN
232 FIELD. SLUDGE. MATURITY 0 GRAIN
233 FIELD. SLUDGE, MATURITY 0 GRAIN
234 FIELD. SLUDGE. MATURITY 0 GRAIN
235 FIELD. SLUDGE. MATURITY NOT REPORTED
236 FIELD. SLUDGE. MATURITY NOT REPORTED
237 SLUDGE. FIELD. MATURITY 0 GRAIN
238 SLUDGE. FIELD. MATURITY 0 GRAIN
239 SLUDGE. FIELD. MATURITY 0 GRAIN
240 SLUDGE. FIELD. MATURITY 0 GRAIN
241 SLUDGE. FIELD. MATURITY 0 GRAIN
242 SLUDGE. FIELD. MATURITY 0 GRAIN
243 SLUDGE. FIELD. MATURITY 0 GRAIN
244 SLUDGE. FIELD. MATURITY 0 GRAIN
245 SLUDGE. FIELD. MATURITY 0 GRAIN
246 SLUDGE. FIELD. MATURITY 0 GRAIN
247 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS NO
248 SLUDGE. FiELD. MATURITY 0 TOTAL BIOMASS NO
249 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS NO
250 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS NO
251 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS NO
252 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS NO
253 SLUDGE. FIELD. MATURITY 0 STALKS NO
254 SLUDGE. FIELD. MATURITY 0 STALKS NO
255 SLUDGE. FIELD. MATURITY 0 STALKS NO
256 SLUDGE. FIELD. MATURITY 0 STALKS NO
257 SLUDGE. FIELD. MATURITY 0 STALKS NO
258 SLUDGE. FIELD. MATURITY 0 STALKS NO
259 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
260 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
261 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
262 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
263 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
264 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
265 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
266 FIELD SLUDGE. MATURITY 0 GRAIN 0 STOVER
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TABLE F-1 (cont.)

LOCATION
OF

COMMENTS STUDY

229 India
230 India
231 India
232 Canada
233 Canada
234 Canada
235 Manhattan, Kansas
236 Manhattan, Kansas
23" MINNESOTA
238 MINNESOTA
239 MINNESOTA
240 MINNESOTA
241 MINNESOTA
242 MINNESOTA
243 MINNESOTA
244 MINNESOTA
245 MINNESOTA
246 MINNESOTA
247 LEEDS, U.K.
248 LEEDS, U.K.
249 LEEDS, U.K.
250 LEEDS, U.K.
251 LEEDS, U.K.
252 : LEEDS, U.K.
253 LEEDS, U.K.
254 LEEDS, U.K.
255 LEEDS, U.K.
256 LEEDS, U.K.
257 LEEDS, U.K.
258 LEEDS, U.K.
259 FULTON COUNTY, ILLINOIS
260 FULTON COUNTY, ILLINOIS
281 FULTON COUNTY; ILLINOIS
282 FULTON COUNTY; ILLINOIS
283 FULTON COUNTY; ILLINOIS
284 FULTON COUNTY, ILLINOIS
265 FULTON COUNTY, ILLINOIS
266 FULTON COUNTY ILLINOIS
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SLUDGe SWD'GE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOilSOUDS AI c. Cd

CITATION NAME CULTIVAR pH % % % maiko

267 PIETZ ET AL. 1991 CORN PIONIEER 3377 7.6 20 0.67 3.9 53
269 PIETZ ET At. 1991 - _CORN PIONEER 3517 7.6 46 1.4 3.3 265
269 - PIETZ ET ilL. 1991 .. ·RN.• PIONEER 3517 7.6 46 1.4- 3.3 265

. 270
A

.,,' PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
271 PI,ETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1:4 3.3 160
272 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
273 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
274 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
275 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
276 PIETZ ET At. 1991 CO'RN PIONEER 3377 7.6 20 0.67 3.9 53
277 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
278 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 265
279 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 - 1.4 . 3.3 265
280 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
281 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
282 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
283 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
284 PIETZ ET At. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
285 PIETZ ET At. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53
288 Pierz ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
287 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
288 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
289 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
:290 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 -46 1.4 3.3 160 -
291 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
292 PIETZ ET At. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
293 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
-294 PIETZ ET At. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53
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TABLE F-1 (cont.l

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko molko % % maiko maiko maiko maiko CONTNT PROCESSING

267 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, ·LAGOON. .
268 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON
269 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
270 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
271 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON
272 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON
273 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON
274 775 460 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON
275 775 460 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST; LAGOON
276 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON
277 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON
278 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
279 3505 1471 4.3 4.5 425 ·3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
280 3505 1471. 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON
281 3505 1471 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON
282 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON
283 775 460 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY; ANAER DIGEST, LAGOON
284 775 460 2.2 0.5 116 0.87 . 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON
285 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON
286 3505 1471 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON
287 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON
288 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST; LAGOON
289 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON
290 3505 1471: 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY,·ANAER DIGEST; LAGOON
291 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON
292 775 460 2.2 0.5 116 0.87 293 1100 0.65 . SECONDARY, ANAER DIGEST, LAGOON
293 775 460 2.2 0.5 116 0.87 293 1100 0.3 . SECONDARY, ANAER DIGEST, LAGOON
294 679 454 1.9 0.5 '121 0.62 259 1146 0.69 SECONDARY. ANAER DIGEST. LAGOON
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SLUDGE ANiN'L SLUO'GE CUMMLSWDGE YEARS SO'IL SO'IIL SANID
CHEMICAL LOAON'G RATE LOAONG RATE SINCE LAST TAXONOMIIC SERIES SOI'L CONTENT

STABilUZATN Malha Ma/hs APPUCATN NAME NAME TEXTURE %

267 POLYMER,FECL3 0 0 0 STRIIP MINE SPOI,L
2El8 POLYMER,FECL3 17.4 115.3 0 STRIP MI'NIE SPOIL
269 POLYMER,FECL3 11.4 126.7 a STRIP MINE SPOIL
270 POLYMER,FECL3 16.8 143.5 a STRIP MINE SPOIL
271 POLYMER,FECL3 17.9 161.4 0 STRI'P MINE SPOIL
272 POLYMER,FECL3 16.8 178.2 0 STRI'P MINE SPOIL
273 " POLYMER,FECL3 16.8 195 a STRIP MINE SPOIL
274 POLYMER,FECL3 16.8 211.8 a STRIP MINE SPOIL
275 POLYMER,FECL3 16.8 228.6 a STRIP MINE SPOIL
276 POLYMER,FECL3 16.8 245.4 0 STRIP MINE SPOIL
277 POLYMER,FECL3 34.8 235.7 0 STRIP MINE SPOIL
278 POLYMER,FECL3 22.8 258.5 0 STRIP MINE SPOIL
279 POLYMER,FECL3 34.9 293.4 0 STRIP MINE SPOIL
280 POLYMER,FECL3 35.8 329.2 a STRIP MINE SPOIL
281 POLYMER,FECL3 33.6 362.8 0 STRIP MINE SPOIL
282 POLYMER,FECL3 33.6 396.4 0 STRIP MINE SPOIL
283 POLYMER,FECL3 "33.6 430 0 STRIP MINE SPOIL
284 POLYMER,FECL3 33.6 463.6 0 STRIP MINE SPOIL
285 POLYMER,FECL3 33.6 497.2 0 STRIP MINE SPOIL
286 POLYMER,FECL3 69.8 471.4 a STRIP MINE SPOIL
287 POLYMER,FECL3 45.5 516.9 0 STRIP MINE SPOIL
288 POLYMER,FECL3 68.8 585.7 a STRIP MINE SPOIL
289 POLYMER,FECL3 71.7 657.4 0 STRIP MINE SPOIL
290 POLYMER,FECL3 67.2 724.6 0 STRIP. MINE SPOIL
291 POLYMER,FECL3 67.2 791.8 0 STRIP MINE SPOIL
292 POLYMER,FECL3 " 67.2 859 0 STRIP MINE SPOIL
293 POLYMER,FECL3 67.2 926.2 0 STRIP MINE SPOIL
294 POLYMER FECL3 67.2 993.4 a STRIP MINE SPOIL
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TABLE F-1 (cont.)

SILT CLAY SOIL SOiL CUMM CR SOIL CR PLANTCR PLANT
CONTENT CONTENT CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE

% % cmollkg % pH RATE (kg/ha) EXTRACTANT mglkg molkg SAMPLED

267 , 0.7 7.5 0 0.1 M HCI 13.7 1.66 LEAF
268 0.94 7.5 438.2 0.1 M HCI 27.6 0.8 LEAF
269 0.67 7.5 473.2 0.1 M HCI 16.8 1.14 LEAF
270 0.67 7.5 534.4 0.1 M HCI 13.8 2.96 LEAF
271 0.87 7.5 571.8 0.1 M HCI 20.7 6.78 LEAF
272 0.87 7.5 616.8 0.1 M Hel 16.7 6.25 LEAF
273 1.41 7.5 654.7 0.1 M HCI 24 0.43 LEAF
274 1.41 7.5 699.5 0.1 M HCI 28.3 0.43 LEAF
275 1.25 7.5 747.6 0.1 M HCI 27.4 0.4 LEAF
276 1.25 7.5 759 0.1 M HCI 33.8 1.03 LEAF
271 1.56 7.5 876.4 0.1 M HCI 62.9 0.69 LEAF
278 1.56 7.5 946.3 0.1 M HCI 42.9 0.67 LEAF
279 1.04 7.5 1068.8 0.1 M HCI 33.4 1.95 LEAF
280 1.04 7.5 1155.5 0.1 M HCI 52.7 6.32 LEAF
281 1.48 7.5 1233.6 0.1 M HCI 41.5 3.64 LEAF
282 1.48 7.5 1309.5 0.1 M HCI 43.7 0.39 LeAF
283 2.15 7.5 1399 0.1 M HCI 54.7 0.29 LEAF
284 2.15 7.5 1495.2 0.1 M HCI 51.4 0.2 LEAF
285 1.9 7.5 1518 0.1 M HCI 71 . 1.58 LEAF
286 3.02 7.5 1752.7 0.1 M HCI 118.8 0.77 LEAF
287 1.58 7.5 1892.6 0.1 M HCI 88.8 0.51 LEAF
288 1.58 7.5 2137.5 0.1 M HCI 55.1 2.11 LEAF
289 2.38 7.5 2311 0.1 M HCI 107.7 3.98 LEAF
290 2.38 7.5 2467.2 0.1 M HCI 79.6 10.8 LEAF
291 3.47 7.5 2618.9 0.1 M HCI 99.8 0.43 LEAF
292 3.47 7.5 2797.9 0.1 M HCI 89.7 0.27 LEAF
293 2.77 7.5 2990.4 ·0.1 M HCI 93~9 0.45 . LEAF "
294 2.77 7.5 3036 0.1 M HCI 114 1.31 LEAF
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TABlE F-1 (cant.)

EXPERIMENTAL YIELD YI,ELD YIIELD YIIELD
PROTOCOL REDUCTION COMPONENT REDUCTION COMPONIENT METAL
SUMMARY % MEASURED % MEASURED PHYTOTOXICITY

267 FIELD. SLUD'GE. MATURITY • 0 GRAIN 0 STOVER
268 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
269 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
270 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
271 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
272 FIIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
273 FIELD, SLUDGE. MATURITY 0 GRAIN 0 STOVER
274 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
275 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
276 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
277 FIELD. SLUD'GE. MATURITY 0 GRAIN 0 STOVER
278 FIELD. SLUDGE, MATURITY 0 GRAIN 0 STOVER
279 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
280 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
281 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
282 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
283 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
284 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
285 FIELD. SLUDGE. MATURITY 43.7 GRAIN 0 STOVER
286 FiELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
287 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
288 FIELD. SLUDGE, MATURITY 0 GRAIN 0 STOVER
289 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
290 FIELD, SLUDGE. MATURITY 0 GRAIN : 0 STOVER
291 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
292 FIELD. SLUDGE. MATURITY. 0 GRAIN 0 STOVER
293 FIELD. SLUDGE. MATURITY 0 GRAIN 0 STOVER
294 FIELD SLUDGE MATURITY 59.2 GRAIN 0 STOVER
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TABLE F-1 (cont.)

LOCATION
OF

COMMENTS STUDY

267 FULTON COUNTY, ILLINOIS
268 ... FULTON COUNTY, ILUNOIS
269 FULTON COUNTY, ILLINOIS
270 FULTON COUNTY, ILLINOIS
271 FULTON COUNTY, ILLINOIS
272 FULTON COUNTY, ILLINOIS

. 273 FULTON COUNTY, ILLINOIS
274 FULTON COUNTY, ILLINOIS
275 FULTON COUNTY, ILLINOIS
278 FULTON COUNTY, ILLINOIS
277 FULTON COUNTY, ILLINOIS
278 FULTON COUNTY, ILUNOIS
279 FULTON COUNTY, IUlNOIS
280 FULTON COUNTY, ILLINOIS
281 FULTON COUNTY, ILLINOIS
282 FULTON COUNTY, ILLINOIS
283 FULTON COUNTY, ILLINOIS
284 . FULTON COUNTY, ILLINOIS
285 FULTON COUNTY, ILLINOIS
286 FULTON COUNTY, ILLINOIS
287 FULTON COUNTY, ILLINOIS
288 FULTON COUNTY, ILLINOIS
289 . FULTON COUNTY, ILLINOIS
290 : : FULTON COUNTY, ILLINOIS
291 FULTON COUNTY, ILLINOIS
292 FULTON COUNTY, ILLINOIS
293 FULTON COUNTY, ILLINOIS
294 FULTON COUNTY, ILLINOIS
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TABiLE F-2. COPPER DATA

SLUDGE SLUDGE SLUDGE SLUOGE SWDGE SLUDGE

LITERATURE PLANT SLUDGE VOtSOUDS AI CII Cd Cr Cu
CITATION NAME CULTIVAR oH % % % maiko maiko molka

1 GIORDANO AND MAYS 1977 BEANS
2 GIORDANO .~ND MAYS 1977 BEANS -- 6.6 2.5 50 350 130
3 ." G!O'RDANQ ,\ND MAYS 197i" BEANf; '6.1 1.1 40 400 520
4 GIORDANO AND MAYS 1977 OKRA
5 GIO'RDANO AND MAYS 1977 OKRA 6.6 2.5 50 350 130
6 GIORDANO AND MAYS 1977 OKRA 6.1 1.1 40 400 520

1 GIORDANO AND MAYS 1977 PEPPERS
8 GIORDANO AND MAYS 1977 PEPPERS 6.6 2.5 - 50 350 130
9 GIO'RDANO AND MAYS 1977 PEPPERS 6.1 1.1 40 400 520
10 GIORDANO AND MAYS 1977 TOMATO
11 GIORDANO AND MAYS 1977 TOMATO 6.6 2.5 50 350 130
12 GIORDANO AND MAYS 1977 TOMATO 6.1 1.7 40 400 520
13 GIORDANO AND MAYS 1977 SQUASH
14 GIORDANO AND MAYS 1977 SQUASH 6.6 2.5 50 350 130
15 GIORDANO AND MAYS 1977 SQUASH 6.1 1.1 40 400 520
16 GIORDANO AND MAYS 1977 TURNIP
11 GIORDANO AND MAYS 1977 TURNIP 6.6 2.5 50 350 130
18 GIORDANO AND MAYS 1977 TURNIP 6.1 1.1 . 40 400 520
19 GIORDANO AND MAYS 1971 KALE
20 GIORDANO AND MAYS 1971 KALE 6.6 2.5 50 350 130
21 GIORDANO AND MAYS 1971 KALE 6.1 1.1 40 400 520
22 GIORDANO AND MAYS 1971 OKRA
23 GIORDANO AND MAYS 1971- OKRA 6.6 2.5 50 350 130

24 GIORDANO AND MAYS 1971 OKRA 6.1 1.1 40 400 520

25 GIORDANO AND MAYS 1971 PEPPER
26 GIORDANO AND MAYS 1971 PEPPER 6.6 2.5 50 350 130
27 GIORDANO AND MAYS 1971 PEPPER 6.1 1.7 40 400 520

28 GIORDANO AND MAYS 1971 TOMATO
29 GIORDANO AND MAYS 1971 TOMATO 6.6 2.5 50 350 730

30 GIORDANO AND MAYS 1971 TOMATO 6.1 1.1 40 400 520

31 GIORDANO AND MAYS 1971 SQUASH
32 GIORDANO AND MAYS 1971 SQUASH 6.6 2.5 50 350 130

33 GIORDANO AND MAYS 1971 SQUASH 6.1 1.7 40 400 520

34 GIORDANO AND MAYS 1971 LETTUCE
35 GIORDANO AND MAYS 1971 LETTUCE 6.6 2.5 50 350 730

36 GIORDANO AND MAYS 1971 LETTUCE 6.1 1.7 40 400 520

37 HINESLY 1985 CORN 3.4 263 2963 1422
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TABLE F-2 (cant••

SLUDGE SLUDGE SLUDGE . SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe .N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko maiko maiko maiko CONTNT PROCESSING STABILIZATN

1
2 1.7 2.3 20 1.6 530 1800
3 1.5 2.1 40 1.3 1600 1800
4
5 1.7 2.3 20 1.6 530 1800
6 1.5 2.1 40 1.3 1600 1800
7
8 1.7 2.3 20 1.6 530 1800
9 1.5 2.1 40 1.3 1600 1800
10
11 1.7 2.3 20 1.6 530 1800
12 1.5 2.1 40 1.3 1600 1800
13
14 1.7 2.3 20 1.6 530 1800
15 1.5 2.1 40 1.3 1600 1800
16
17 1.7 ' 2.3 20 1.6 530 1800
18 1.5 2.1 40 1.3 1600 1800
19
20 1.7 2.3 20 1.6 530 1800
21 1.5 2.1 40 .1.3 1600 1800

. 22

23 1.7 2.3 20 1.6 530 1800
24 1.5 2:1 40 1.3 1600 1800 . ..

25
26 . 1.7 2.3 20 1.6 530 1800
27 1.5 2.1 40 1.3 .1600 1800
28
29 1.7 2.3 20 1.6 530 1800 "

30 1.5 2.1 40 1.3 1600 1800
31
32 1.7 . 2.3 20 1.6 530 1800
33 1.5 2.1 40 1.3 1600 1800
34'
35 1.7 2.3 20 1.6 530 1800
36 1.5 2.1 40 1.3 1600 1800
37 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECL3
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ANNt SLUrD'GE CUMML SLUD'GE YEARS SOft SOllt SAND SIIlT CLAY SO'fll
LOADiNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTEiNT COiNTEiNT CEC

Ma/hll Malhll APPUCATN NAME NAME TEXTURE % % % cmoUko

1 0 0 SANGO SiL
2 112 112 0 SANGO SiL
3 112 112 0 SANGO Sil
4 0 0 SANGO SiL
5 112 112 0 SANGO SiL
6 112 112 0 SANGO SiL
7 0 0 SANGO SiL
8 112 112 0 SANGO SiL
9 112 112 0 SANGO SiL
10 0 0 SANGO SiL
11 112 112 0 SANGO SiL
12 n2 112 0 SANGO SiL
13 0 0 SANGO SiL
14 112 112 . 0 SANGO SiL
15 112 112 0 SANGO SiL
16 0 0 SANGO SiL
17 112 112 0 SANGO SiL
18 112 112 0 SANGO SiL
19 0 0 SANGO Sil
20 112 n2 0 SANGO SiL
21 112 112 0 S-"'NGO SiL
22 0 0 SANGO SiL
23 112 112 1 SANGO SiL
24 112 112 1 SANGO SiL
25 0 0 SANGO SiL
26 112 112 1 SANGO SiL
27 112 112 1 SANGO SiL
28 0 0 SANGO SiL
29 112 112 1 SANGO SiL
30 112 112 1 SANGO SiL
31 0 0 SANGO SiL
32 112 112 1 SANGO SiL
33 112 112· 1 SANGO SiL
34 0 0 SANGO SiL
35 112 112 1 SANGO . SiL
36 112 112 1 SANGO SiL
37 0 0 NA BLOUNT SiL
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TABLE F-2 (cont;)

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOiL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE (kalhal EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN %

1 6.4 0 0.5 M HCL 4 6 LEAF FIELD, SLUDGE, MATURITY 0
2 6.4 82 0.5 M HCL 41 7.8 LEAF FIELD, SLUDGE, MATURITY 0
3 6.4 58 0.5 M HCL 17 5.8 LEAF FIELD, SLUDGE, MATURITY 14.3-
4 6.4 0 0.5 M HCL 4 6.9 LEAF FIELD, SLUDGE, MATURITY 0
5 6.4 82 0.5 M HCL 41 10 LEAF FIELD, SLUDGE, MATURITY 8.3-
6 6.4 58 0.5 M HCL 17 7.1 LEAF FIELD, SLUDGE, MATURITY 8.3-
7 6.4 0 0.5 M HCL 4 19 LEAF FIELD, SLUDGE, MATURITY 0
8 6.4 82 0.5 M·HCi. 41 21 LEAF FIELD, SLUDGE, MATURITY 0 .
9 6.4 58 0.5MHCL 17 18 LEAF FIELD, SLUDGE, MATURITY 13-
10 6.4 0 0.5M HCL 4 19 LEAF FIELD, SLUDGE, MATURITY 0
11 6.4 82 0.5MHCL 41 22 LEAF FIELD, SLUDGE, MATURITY 0
12 6.4 58 0.5 MHCL 17 18 LEAF FIELD, SLUDGE, MATURITY 0
13 6.4 0 0.5 M HCL 4 14 LEAF FIELD, SLUDGE, MATURITY. 0
14 6.4 82 0.5MHCL 41 19 LEAF FIELD, SLUDGE, MATURITY 0
15 6.4 58 0.5MHCL 17 15 LEAF FIELD, SLUDGE, MATURITY 0
16 6.4 0 0.5 M HCL 4 6.3 LEAF FIELD, SLUDGE, MATURITY 0
17 6.4 82 0.5MHCL 41 9.4 LEAF FIELD, SLUDGE, MATURITY 0
18 6.4 58 0.5 M HCL 17 7.3 LEAF FI.ELD, SLUDGE, MATURITY 0
19 6.4 0 0.5M HCL 4 6 LEAF FIELD, SLUDGE, MATURITY 0
20 6.4 82 0.5MHCL 41 8.1 LEAF FIELD, SLUDGE, MATURITY 0
21 6.4 58 0.5 M HCL 17 7.6 LEAF FIELD, SLUDGE, MATURITY 0
22 5.8 0 0.5MHCL 4 15.4 LEAF FIELD, SLUDGE, MATURITY 0
23 5.8 82 0.5 M HCL 41 14.1 LEAF FIELD, SLUDGE, MATURITY 0
24 . 5.8 58 0.5MHCL 17 14.1 LEAF FIELD, SLUDGE, MATURITY '0

25 5.8 0 0.5MHCL 4 14.7 LEAF FIELD, SLUDGE, MATURITY 0
26 5.8 82 0.5 M HCL 41 15.4 LEAF FIELD, SLUDGE, MATURITY 0
27 5.8 58 0.5 M HCL 17 15.4 LEAF FIELD, SLUDGE, MATURITY 25-

28 5.8 0 0.5 M HCL 4 21.4 LEAF FIELD, SLUDGE, MATURITY 0
29 '5.8 82 0.5MHCL 41 19.4 LEAF FIELD, SLUDGE, MATURITY 0
30 5.8 58 0.5 M HCL 17 22.8 LEAF FIELD, SLUDGE, MATURITY 0
31 5.8 0 0.5MHCL 4. 16.1 LEAF . FIELD, SLUDGE, MATURITY 0
32 5.8 82 0.5MHCL 41 12.1 .LEAF FIELD, SLUDGE, MATURITY 0
33 5.8 58 0.5MHCL 17' 9.4 LEAF FIELD, SLUDGE, MATURITY 21."
34 5.8 0 0.5 M HCL 4 17.4 LEAF. . FIELD,'SLUDGE, MATURITY 0
35 5.8 82 0.5MHCL 41 18.1 LEAF FIELD, SLUDGE, MATURITY 0
36 5.8 58 0.5 M HCL 17 12.7 LEAF FIELD, SLUDGE, MATURITY 0
37 0.85 7.8 0 HCL·HF 22 9 LEAF SLUDGE. FIELD MATURITY 0
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TABLE F-2 (ooot.)

YIIELD YlIELD YIIELD

COMPONENT REDUCTION CO'MPON,ENT METAL
MEASURED % MEASURED PHYTOTOXICITY

- - -

1 EDIBLE PART NO
2 EDIBLE PART NO
3 EDIBLE PART ·NO
4 EDIBLE PART NO
5 EDIIBLE PART ·NO
6 ED'IBLE PART ·NQ
7 ED.rBLE PART NO
8 EDIBLE PART NO
9 EDIBLE PART ·NO
10 EDIBLE PART NO
11 EDIBLE PART NO
12 EDIBLE PART NO
13 EDIBLE PART NO
14 EDIBLE PART NO
15 EDIBLE PART NO
16 EDIBLE PART NO
17 EDIBLE PART NO
18 EDIBLE PART NO
19 EDIBLE PART NO
20 EDIBLE PART NO
21 EDIBLE PART NO
22 EDIBLE PART NO
23 EDIBLE PART NO
24 EDIBLE PART NO
25 EDIBLE PART NO
26 EDIBLE PART NO
27 EDIBLE PART ·NO
28 EDIBLE PART NO
29 EDIBLE PART NO
30 EDIBLE PART NO
31 EDIBLE PART NO
32 EDIBLE PART NO
33 EDIBLE PART ·NO
34 EDIBLE PART NO
35 EDIBLE PART' NO
36 EDIBLE PART NO
37 GRAIN 0 STOVER NO
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TABLE F-2 (cont.)

COMMENTS LOCATION

1
2
3 aNOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
4

. 5 aNOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
6 aNOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
7 ,

, 8 "

9 aNOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
10
11
12
13
14
15
16
17
18
19
20
21 ,.~~::.-:. I .

22 l~~ ~

23 "
24 : ;

25
26
27 aNOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
28
29
30
31
32
33 aNOT TESTED 'STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONnNSECTS
34
35
36

. 37 JOLIET ILLINOIS
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TABLE F-2 (coot.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

UTERATURE PLANT SLUDGE VOLSOUDS AI CI.'I Cd Cr Cu
CITATION NAME CULTIVAR DH % % % maiko maiko maiko

38 HIINESLY 1985 CORN 3.4 263 2963 1422
39 HIINESLY 1985 CORN 3.4 263 2963 1422--

~...: HINf:SLY 1985 CO~t-I . 3.4 26~ 2963 1422
41 HINESL'V 1985 CORN 3.4 263 2963 1422
42 HINESLY 1985 CORN 3.4 263 2963 1422
43 HINESLY 1985 CORN 3.4 263 2963 1422
44 HINESLY 1985 CORN 3.4 263 2963 1422
45 HINESLY 1985 CO'RN 3.4 263 2963 1422
46 HINESLY 1985 CORN 3.4 263 2963 1422
47 HINESLY 1985 CORN 3.4 263 2963 1422
48 HINESLY 1985 CORN 3.4 263 2963 1422
49 HINESLY 1985 CORN 3.4 263 2963 1422
50 HINESLY 1985 CORN 3.4 263 . 2963 1422
51 HINESLY 1985 CORN 3.4 263 2963 1422
52 HINESLY 1985 CORN 3.4 283 2963 1422
53 HINESLY 1985 CORN 3.4 263 2963 1422
54 HINESLY 1985 CORN 3.4 283 2983 1422
55 HINESLY 1985 CORN 3.4 263 2963 1422
58 HINESLY 1985 CORN 3.4 .263 2963 1422
57 HINESLY 1985 CORN 3.4 263 2963 1422
58 HINESLY 1985 CORN 3.4 263 2963 1422
59 HINESLY 1985 CORN 3.4 263 2963 1422
60 HINESLY 1985 CORN 3.4 263 2963 1422
61 HINESLY 1985 CORN 3.4 263 2963 1422'
62 HINESLY 1985 CORN 3.4 263 2963 1422
63 HINESLY 1985 CORN 3.4 263 2963 1422
64 HINESLY 1985 CORN 3.4 263 2963 1422
65 HINESLY 1985 CORN 3.4 263 2963 1422
66 HINESLY 1985 CORN 3.4 263 2963 1422
67 HINESLY 1985 CORN 3.4 263 2963 1422
68 HINESLY 1985 CORN 3.4 263 2963 1422
69 HINESLY 1985 CORN 3.4 263 2963 1422
70 HINESLY 1985 CORN 3.4 263 2983 1422
71 HINESLY 1985 CORN 3.4 263 2963 1422
72 HINESLY 1985 CORN 3.4 263 2963 1422
73 HINESLY 1985 CORN 3.4 263 2963 1422
74 HINESLY 1985 CORN 3.4 263 2963 1422
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE .SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka malka malka CONTNT PROCESSING STAB1LlZATN

38 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
39 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
40 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
41 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
42 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
43 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
44 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
45 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
46 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBiC DIGESTION CENT POLY. FECL3
47 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
48 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
49 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
50 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
51 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
52 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY. FECL3
53 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY FECL3
54 4.5 5.9 316 3.5 1135 5059 0.03 2NQ TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
55 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
56 4.5 5.9 316 3.5. 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
57 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBiC DIGESTION CENT POLY. FECL3
58 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
59 4.5 5.9 3,16 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
60 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
61 4.5 5.9 316 3.5 1135 ' 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION ' CENT POLY, FECL3
62 4.5 5'.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC 'oIGESTION CENT POLY, FECL3
63 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION· CENT POLV, FECL3
84 4.5 . 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
65 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
66 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY•. FECL3
67 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION . CENT POLY, FECL3
68 4.5 5.9 316 3.5 1135 5059 0.03' 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
89 4.5 ' 5.9 316 . 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
70 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
71' 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3

72 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

73 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3

74 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECL3
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TABlE F-2 (cont.)

ANINIL SLUDGE CUMML SLUDGE YEARS so,r'L SO'lt SAN'D SltT CLAY SOlt

LOADNG RATE LOADN'G RATE SINCE LAST TAXOINOMIC SEIUES SOIL CONTENT CONTENT CONTENT CEC
Mg/he Ma/hl! APPUCATN NAME NAME TEXTURE % % % cmollka

38 0 0 NA BLOUNT SiL
39 0 0 NA BLOUNT SiL
40 0 0 NA BLOUNT SiL
41 0 0 NA BLOUNT SiL
42 0 0 NA BLOUNT SIL
43 0 0 NA BLOUNT SiL
44 0 0 NA BLOUNT Si,L
45 0 0 NA BLOUNT SIL
46 0 0 NA BLOUNT SIL
47 14.5 31.8 0 BLOUNT SiL
48 11.1 42.9 0 BLOUNT SiL
49 15.3 58.2 0 BLOUNT SiL
50 0 58.2 1 BLOUNT SiL
51 0 58.2 . 2 BLOUNT SiL
52 0 58.2 3 BLOUNT SiL
53 0 58.2 4 BLOUNT SiL
54 0 58.2 5 BLOUNT SiL
55 0 58.2 6 BLOUNT SiL
56 0 58.2 7 BLOUNT SiL
57 29 63.8 0 BLOUNT SiL
58 22.2 85.8 0 BLOUNT SiL
59 30.6 116.4 0 BLOUNT SiL
60 0 116.4 1 BLOUNT SiL
61

; 0 116.4 2
; BLOUNT SIL

62 0 116.4 . 3 BLOUNT SiL
63 0 116.4 4 BLOUNT SIL
64 0 116.4 5 BLOUNT SiL
65 0 116.4 8 BLOUNT SiL
86 0 116.4 " 7 BLOUNT SiL
67 57.8 127 0 BLOUNT SiL
68 44.4 171.4 0 BLOUNT SiL
69 61.1 232.5 0 BLOUNT SiL
70 0 .232.5 1 BLOUNT SiL
71 0 232.5 "1 BLOUNT SIL
72 0 232.5 1 BLOUNT " SiL
73 0 232.5 1 BLOUNT SiL
74 0 232.5 1 BLOUNT SiL
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TABLE F·2 (cont.)

SOIL CUMM CU S'oIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTiON
% pH RATE (kg/ha) EXTRACTANT maiko mglkg SAMPLED EXPERIMENTAL DESIGN %

38 0.9 6.9 0 HCL-HF 20 11.8 LEAF· SLUDGE, FIELD, MATURITY 0
39 0.94 7.6 0 HCL-HF 28 9.3 LEAF SLUDGE, FIELD, MATURITY 0
40 0.93 7.6 0 HCL-HF 22 11.4 LEAF SLUDGE, FIELD, MATURITY 0
41 0.92 7.8 0 HCL·HF 24 7 LEAF SLUDGE; FIELD, MATURITY 0
42 0.87 7.5 0 HCL-HF 21 10.6 LEAF SLUDGE, FIELD, MATURITY 0
43 0.9 7.6 0 HCL·HF 25 6.1 LEAF SLUDGE, FIELD, MATURITY 0
44 0.88 7.5 '0 HCL-HF 26 3.4 LEAF SLUDGE, FIELD, MATURITY 0
45 0.73 7.6 0 HCL·HF 22 8.3 LEAF SLUDGE, FIELD, MATURITY 0
46 1 7.4 0 HCL·HF 28 8.5 LEAF SLUDGE, FIELD, MATURITY 0
47 1.06 7.7 51.5 HCL·HF 42 11.4 LEAF SLUDGE, FIELD, MATURITY 0
48 1.11 6.9 59.8 HCL-HF 28 12.2 LEAF SLUDGE, FIELD, MATURITY 0
49 1.18 7.5 70 HCL-HF 42 8.7 LEAF SLUDGE, FIELD, MATURITY 0
50 1.4 7.5 70 HCL-HF 40 9.6 LEAF SLUDGE, FIELD, MATURITY. 0
51 1.16 7.6 70 HCL-HF 42 7.7 LEAF SLUDGE, FIELD, MATURITY 0
52 1.08 7.5 70 HCL-HF 38 7.9 LEAF SLUDGE, FIELD, MATURITY 0
53 1.18 7.7 70 HCL·HF 45 5.9 LEAF SLUDGE, FIELD, MATURITY 0
54 1.23 7.6 70 HCL-HF 44 3.8 LEAF SLUDGE, FIELD, MATURITY 0
55 1.09 7.5 . 70 HCL·HF 36 8.8 LEAF SLUDGE. FIELD, MATURITY 0
56 1.32 7.3 70 HCL-HF 45 8.6 LEAF SLUDGE. FIELD, MATURITY 0

. 57 1.38 7.6 103 HCL·HF 60 11.9 LEAF SLUDGE, FIELD, MATURITY 0
58 1.12 7 119.6 HCL-HF 38 14 LEAF SLUDGE, FIELD, MATURITY 0
59 ·1.29 7.4 140 HCL-HF 57 8.7 LEAF SLUDGE, FIELD, MATURITY 0
60 1.83 7.3 140 HCL·HF 67 9.7 LEAF SLUDGE, FIELD, MATURITY 0
61 1.36 7.5 140 HCL·HF 56 9.& LEAF; SLUDGE, FIELD, MATURITY 0
62 1.34 7.2 140 HCL·HF 49 7.9 LEAF SLUDGE, FIELD, MATURITY 0
63 1.6 7.4 140 HCL·HF 64 6.9 LEAF SLUDGE, FIELD, MATURITY 0
64 1.31 7.3 140 HCL·HF 68 3.9 LEAF' SLUDGE, FIELD, MATURITY 0
65 1.54 7.1 140 HCL-HF 48 8.6 LEAF SLUDGE, FIELD, MATURITY 0
66 1.62 7.1 140 ·HCL·HF 67 8.9 LEAF SLUDGE, FIELD, MATURITY 0
67 1.62 7.6 208 HCL·HF 102 10.7 LEAF SLUDGE, FIELD, MATURITY 0
68 1.63 6.& 239' HCL·HF 65 14.9 LEAF SLUDGE, FIELD, MATURITY 0
69 1.94 7.3 2&0 HCL·HF 91 9.4 LEAF SLUDGE, FIELD, MATURITY .0
70 2.5 7.2 2&0 HCL·HF 118 11.2 LEAF SLUDGE, FIELD, MATURITY 0
71 1.83 7.3 280 HCL-HF 91 10.3 LEAF. . SLUDGE, FIELD, MATURITY 0
72 1.88 7.2 280 HCL-HF 88 9.2 LEAF SLUDGE, FIELD, MATURITY 0
73 2.03 7.3 280 HCL·HF 108 7.3 LEAF SLUDGE, FIELD, MATURITY 0
74 1.6 7.1 280 HCL-HF 94 4.5 LEAF SLUDGE FIELD MATURITY 0
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TA,eu: F-2 (oont.)

YIELD YIIELD Yl'ao

COMPONENT REDUCTION CO'MIPO'NENT METAL
MEASURED "" MEASURED PHYTOTOXICITY

38 GRAIN 0 STOVER NO
39 GRAIN 0 STOVER NO
40 GRAIN 0 STOVER NO
41 GRAIN 0 STOVER NO
42 GRAIN 0 STOVER NO
43 GRAIN 0 STOVER NO
44 GRAIN 0 STOVER NO
45 GRAIN 0 STOVER NO
46 GRAIN 0 STOVER NO
47 GRAIN NA STOVER NO
48 GRAIN 0 STOVER NO
49 GRAIN 0 STOVER NO
50 GRAIN 0 STOVER NO
51 GRAIN 0 STOVER NO
52 GRAIN 0 STOVER NO
53 GRAIN 0 STOVER NO
54 GRAIN 0 STOVER NO
55 GRAIN 0 STOVER NO

,
51$ GRAIN 0 STOVER ...........
57 GRAIN NA STOVER NO
58 GRAIN 0 STOVER NO
59 GRAIN 0 STOVER NO
60 GRAIN 0 STOVER NO
61 GRAIN 0 STOVER NO
62 GRAIN 0 STOVER NO
63 GRAIN 0 STOVER NO
64 GRAIN 0 STOVER NO
65 GRAIN 0 STOVER NO
66 GRAIN 0 STOVER NO
67 GRAIN NA STOVER NO
68 GRAIN 0 STOVER NO
69 GRAIN 0 STOVER NO
70 GRAIN 0 . STOVER NO
71 GRAIN 0 STOVER NO
72 GRAIN 0 STOVER NO
73 GRAIN 0 STOVER NO
74 GRAIN 0 STOVER NO

F-59



,~I~M~\\tll'~\I' .

TABLE F·2 (cont.)

COMMENTS LOCATION

38 JOLIET, ILLINOIS
39 JOLIET, ILLINOIS
40 JOLIET, ILLINOIS
41 JOLIET, ILLINOIS
42 JOLIET, ILLINOIS
43 JOLIET, ILLINOIS
44 JOLIET, ILLINOIS
.45 JOLIET, ILLINOIS

. 46 JOLIET, ILLINOIS
47 JOLIET, ILLINOIS
48 JOLIET, ILLINOIS
49 JOLIET, ILLINOIS
50 JOLIET, ILLINOIS
51 JOLIET, ILLINOIS
52 JOllET,lLLINOIS
53 JOLIET, ILLINOIS
54 JOLIET, ILLINOIS
55 JOLIET, ILl.INOIS
56 JOLlET,ILl.INOIS
57 JOLIET, ILLINOIS
58 JOLIET, ILLINOIS
59 JOLIET, ILLINOiS
80 JOLIET, ILLINOIS
61 ; JOLIET, ILLINOIS
62 , JOLIET, ILLINOIS
63 ' JOLlET,ILLINOIS
64 JOLIET, ILLINOIS
65 JOLIET, ILLINOIS
66 JOLIET, ILl.INOIS
67 JOLIET, ILLINOIS
68 JOLIET, ILLINOiS
69 JOLIET, ILLINOIS
70 JOLIET, ILLINOIS
71 JOLIET, ILLINOIS
72 JOLIET, ILLINOIS
73 JOLIET, ILLINOIS
74 JOLIET ILLINOIS
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TABLE f.2 (oant.)

SLUDGE SLUDGE SLUDGE SLUDGE SlU'D'GE SLUDGE
LITERATURE P'LANT SLUDGE VOtSOUDS AI c. ed Cr Co

CITATION NAME CULTIVAR DH % % % maiko maiko maiko
- -

75 HINESLY 1985 CORN 3.4 263 2963 1422
76 HiINE'3LY 1986 CORN .-- 3.4 2153 2963 1422

. 77.' ... HIUEJLY 1985 . COIlr.! . 3.4 263 2963 1422
78 HINESLY 1986 CORN 3.4 263 2963 1422
79 HINESLY 1986 CORN 3.4 263 2963 1422
80 HINESLY 1985 CORN 3.4 263 2963 1422
81 HINESLY 1985 CORN 3.4 263 2963 1422
82 HINESLY 1985 CORN 3.4 . 263 2963 1422
83 HINESLY 1985 CORN 3.4 263 2963 1422
84 HINESLY 1986 CORN 3.4 263 2963 1422
85 HINESLY 1985 . CORN 3.4 263 2963 1422
86 HINESLY 1985 CORN 3.4 263 2963 1422
87 HINESLY 1986 CORN 3.4 263 . 2963 1422
88 HINESLY 1985 CORN 3.4 263 2963 1422
89 HINESLY 1985 CORN 3.4 263 2963 1422
90 HINESLY 1985 CORN 3.4 263 2963 1422
91 HINESLY 1986 CORN 3.4 263 2963 1422
92 HINESLY 1985 CORN 3.4 . 263 2963 1422
93 HINESLY 1985 CORN 3.4 263 2963 1422
94 HINESLY 1985 CORN 3.4 263 2963 1422
96 HINESLY 1985 CORN 3.4 263 2963 1422
98 HINESLY 1985 CORN 3.4 263 2963 1422
97 HINESLY 1985 CORN 3.4 263 2963 1422
98 HINESLY 1985 ; CORN ; 3.4 263 2963 1422
99 HINESLY 1985 CORN 3.4 263 2963 1422
100 HINESLY 1985 CORN 3.4 263 2983 1422
101 HINESLY 1985 CORN 3.4 263 2963 1422
102 HINESLY 1985 CORN 3.4 263 2963 1422
103 HINESLY 1985 CORN 3.4 263 2963 1422
104 HINESLY 1985 CORN 3.4 263 2963 1422
105 HINESLY 1985 CORN 3.4 263 2963 1422
108 HINESLY 1985 CORN 3.4 263 2963 1422

. 107 HINESLY 1986 CORN 3.4 263 2983 1422
108 HINESLY 1985 CORN 3.4 283 2963 1422
109 HINESLY 1985 CORN 3.4 263 2963 1422
110 HINESLY 1985 CORN 3.4 263 2963 1422
111 HINESLY 1985 CORN 3.4 263 2963 1422
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TABLE F-2 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Nl P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko malka malka malka CONTNT PROCESSING STABILIZATN

75 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3 "
76 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
77 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
78 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
79 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
80 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
81 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
82 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
83 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
84 4.5 5.9 316 3.5 1135 5059 " 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
85 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
86 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
87 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
88 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
89 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
90 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
91 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
92 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
93 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
94 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
95 4.5 5~9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
98 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
97 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
98 4.5 5.9 318 3~5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION ; CENT POLY FECL3

99 4.5 5~9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC "DIGESTION CENT POLY. FECL3
100 . 4.5 5.9 316 3.5 1135. 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION. CENT POLY, FECl3
101 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
102 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
103 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY,FECL3
104 4.5 5.9 316 3.5 1135 " 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
105 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
106 4.5 . 5.9 318 " 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
107 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
108" 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

109 4.5 5.9 316 3.5 1135 5059 0.03 . 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3

110 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

111 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECL3
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TABLE F-2 (oo,nil.)

ANiNt SLUD'GE CUMML SLUD'GE YEARS SO,lt SOlft SANO SltT CLAY SO'll

lOADNG RATE LOAD,NIG RATE SIINCELAST TAXONOMIC SERIES SQiJt CONTENT CONTENT CQiNTENT CEC
Ma/ha Malhi APPUCATN NAME NAME TEXTURE % % % cmolJka

75 0 232.6 1 BLOUNT Si,l
76 0 232.5 1 BLOUNT Si,l
77 0 0 NA EWOT Sil
78 0 0 NA ELLIOT Si,l
79 0 0 NA ELLIOT SI,l
80 0 0 NA ELLIOT Si,l
81 0 0 NA ELLIOT Sil
82 0 0 NA ELLIOT Sil
83 0 0 NA ELLIOT Sil
84 0 0 NA ELLIOT Sil
85 0 0 NA ELLIOT SIL
86 0 0 NA ELLIOT Sil
87 14.5 31.8 0 ELLIOT Sil
88 11.1 42.9 . 0 ELLIOT Si'l
89 15.3 58.2 0 ELLIOT SIL
90 0 58.2 1 ELLIOT SIL
91 0 58.2 2 ELLIOT Sil
92 0 58.2 3 ELLIOT Sil
93 0 58.2 4 ELLIOT SIL
94 0 58.2 5 EWOT Sil
95 0 58.2 6 EWOT Sil
98 0 58.2 7

, ELLIOT Sil
97 29 63.6 0 ELLIOT SIL
98 22.2 85.8 0 : ELLIOT SIL :

99 30.6 116.4 . 0 ELLIOT SIL
100 0 118.4 1 ELLIOT SIL
101 0 118.4 2 ELLIOT SIL
102 0 116.4 3 ELLIOT SiL
103 0 118.4 4 ELLIOT SiL
104 0 118.4 5 ELLIOT SIL
105 0 116.4 6 ELLIOT SiL
108. 0 118.4 7 ELLIOT SiL
107 57.8 127 0 EWOT Sil
108 44.4 171.4 '0 ELLIOT SIL
109 61.1 232.5 0 ELLIOT . SiL
110 69.8 302.3 0 ELLIOT Sil
111 54 358.3 0 ELLIOT SiL
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TABLE F-2 (cant.)

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% uH RATE (ka/ha) EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN %

75 1.54 7.1 280 HCL-HF 62 8.8 'LEAF SLUDGE, FIELD, MATURITY 0
76 1.84 7 280 HCL·HF 86 8.7 , LEAF . SLUDGE, FIELD, MATURI1Y 0

1.64"
---- I·77 " 7.6 ,,' 0' HCL·Hf 19 10.2 LEAF SLUDGE, FIELD, MATURITY 0

78 1.61 6.8 0 HCL-HF 27 11.6 LEAF SLUDGE, FIELD, MATURITY 0
79 1.54 7.2 0 HCL·HF 26 5.8 LEAF SLUDGE, FIELD, MATURITY 0
80 1.53 7.2 0 HCL·HF 20 11.1 LEAF SLUDGE, FIELD, MATURITY 0
81 1.54 7 0 HCL·HF 22 9.5 LEAF SLUDGE, FIELD, MATURITY 0
82 1.51 7 0 HCL-HF 18 8 LEAF SLUDGE. FIELD, MATURITY 0
83 1.58 7.4 0 HCL·HF 23 5.3 LEAF SLUDGE, FIELD, MATURITY o·
84 1.54 7.2 0 HCL-HF 26 3.7 LEAF SLUDGE, FIELD, MATURITY 0
85 1.51 7 o· HCL-HF 19 8.6 LEAF SLUDGE, FIELD, MATURITY 0
86 1.62 7 0 HCL-HF 26 7.8 LEAF. SLUDGE, FIELD, MATURITY 0
87 1.64 7.3 51.5 HCL-HF 39 13.2 LEAF SLUDGE, FIELD, MATURITY 0
88 1.84 6.8 59.8 HCL-HF 32 9.6 LEAF SLUDGE, FIELD, MATURITY 0
89 1.74 7.1 70 HCL-HF 39 7.5 LEAF SLUDGE, FIELD, MATURITY 0
90 2.18 7.1 70 HCL-HF 32 9.8 LEAF SLUDGE, .FIELD, MATURITY 0
91 1.86 7.2 70 HCL-HF 44 8.6 LEAF SLUDGE, FIELD, MATURITY 0
92 1.67 7.2 70 HCL-HF 38 6.9 LEAF SLUDGE. FII:LD, MATURITY 0
93 1.83 7.5 70 HCL-HF 49 6.4 LEAF SLUDGE. FIELD, MATURITY 0
94 1.55 7.2 70 HCL-HF 44 4 LEAF SLUDGE, FIELD, MATURITY 0
95 1.68 7 70 HCL-HF 36 9.1 LEAF SLUDGE, FIELD, MATURITY 0
96 1.89 7.1 70 HCL-HF 51 7.7 . LEAF SLUDGE. FIELD, MATURITY 0
97 1.97 7.8 103 HCL-HF 65 12.8 LEAF SLUDGE. FIELD. MATURITY 0
98 1.81 7 : 119.6 HCL-HF 41 12.7 : LEAF SLUDGE, FIELD, MATURITY 0
99 1.88 7.3 140 HCL-HF 64 9.9 LEAF SLUDGE. FIELD, MATURITY 0
100 2.21 7.3 140 HCL-HF 62 9.9 LEAF SLUDGE. FIELD, MATURITY 0
101 1.99 7.4 140 HCL-HF 59 9.9 LEAF SLUDGE, FIELD, MATURITY 0'
102 1.89 7.3 140 HCL-HF 56 8 LEAF SLUpGE, FIELD, MATURITY 0
103 1.94 7.4 140 HCL-HF 61 7.8 LEAF SI..l..t"OGE, FIELD, MATURITY 0
104 1.72 7.4 140 HCL-HF 68 4.4 LEAF SLUDGE. FIELD, MATURITY 0
105 1.79 7.2 140 HCL-HF 50 8.4 LEAF SLUDGE, FIELD, MATURITY 0
106 1.87 7.2 140 HCL-HF 54 8.7 LEAF SLUDGE, FIELD, MATURITY 0

. 10.7 2.23 7.5 206 HCL-HF 150 6.4 LEAF SLUDGE, FIELD, MATURITY 0
108 2.22 6.4 239.2 HCL-HF 64 13.9 LEAF SLUDGE, FIELD, MATURITY 0
109 2.28 6.5 280 HCL·HF 92 5.6 LEAF SLUDGE, FIELD, MATURITY 0
110 2.61 6.5 397 HCL-HF 112 9 LEAF SLUDGE, FIELD, MATURITY 0
111 2.74 6.5 482 HCL-HF 117 12.4 LEAF . SLUDGE FIELD MATURITY 0
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YIELD YIElD YIELD

COMPONENT REDUCTION COMPON'ENT METAL
MEASURED % MEASURED PHYTOTOXICITY

-

75 GRAIN 0 STOVER NO
76 GRAIN 0 STOVER NO
77 GRAIN 0 STOVER NO
78 GRAIN 0 STOVER NO
79 GRAIN 0 STOVER NO
80 GRAIN 0 STOVER NO
81 GRAIN 0 STOVER NO
82 GRAIN 0 STOVER NO
83 GRAIN 0 STOVER NO
84 GRAIN 0 STOVER NO
85 GRAIN 0 STOVER NO
86. GRAIN 0 STOVER NO
87 GRAIN NA STOVER NO
88 GRAIN 0 STOVER NO
89 GRAIN 0 STOVER NO
90 GRAIN 0 STOVER NO'
91 GRAIN 0 STOVER NO
92 GRAIN 0 STOVER NO
93 GRAIN 0 STOVER NO
94 GRAIN 0 STOVER NO
95 GRAIN 0 STOVER NO

.96 GRAIN 0 STOVER NO
97 GRAIN NA STOVER NO
98 GRAIN : 0 STOVER NO
99 GRAIN. 0 STOVER NO
100 GRAIN 0 STOVER NO
101 GRAIN 0 STOVER NO
102 GRAIN 0 STOVER NO
103 GRAIN 0 STOVER NO
104 GRAIN 0 STOVER NO
105 GRAIN 0 . STOVER NO
106 GRAIN 0 STOVER NO
107 GRAIN NA STOVER NO
108 GRAIN 0 STOVER NO
109 GRAIN 0 STOVER NO
110 GRAIN 0 STOVER NO
111 GRAIN 0 STOVER NO
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TABLE F·2 (cont.)

COMMENTS LOCATION

75 JOLIET, ILLINOIS
76 JOLIET, ILLINOIS
77 JOLlET,ILLINOIS
78 JOLIET, ILLINOiS
79 JOLIET, ILLINOIS
80 JOLIET,ILLINOIS
81 JOLIET,ILLINOIS
82 . JOLlET,ILLINOIS
83 JOLlET,ILLINOIS
84 JOLIET, ILLINOIS
85 JOLlET,ILLINOIS
86 JOLIET, ILLINOIS
87 JOLIET, ILLINOIS
88 JOLIET, ILLINOIS
89 JOLIET, ILLINOIS
90 - JOLlET,ILLlNOIS
91 JOLlET,ILLINOIS
92 JOLIET, ILLINOiS
93 JOLlET,ll-LINOIS
94 JOLlET,ILLINOIS
95 JOLIET, ILLINOIS
96 JOLIET, ILLINOIS
97 JOLIET. ILLINOIS
98 : : JOLIET•. ILLINOIS
99 JOLIET. ILLINOIS
100 JOLIET. ILLINOIS
101 JOLIET. IllINOIS
102 JOLIET, ILLINOIS
103 JOLIET. ILLINOIS
104 JOLIET. IlliNOIS
105 JOLIET. ILLINOIS
108. JOLIET. ILLINOIS
107 JOLIET. ILLINOIS
108 JOLIET. ILLINOIS
109 JOLIET. ILLINOIS
110 JOLIET. ILLINOIS
111 JOLIET ILLINOIS
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TABU: F-2 (oont.)

SLUDGE SLUDGE SLUDGE SWD'GE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOLSOUDS AI CII Cd Cr Cu

CITATION NAME CULTIVAR DH % % % malko maiko maiko

112 HINESLY 1985 CORN 3.4 263 2963 1422
113 HINESLY 1985 CORN 3.4 263 2963 1422
114- HINESLY 1985 CORN 3.4 263 2963 1422
115 HINESLY 1985 CORN 3.4 263 2963 1422
116 HINESLY 1985 CORN 3.4 263 2963 1422
117 HINESLY 1985 CORN 3.4 263 2963 1422
118 HINESLY 1985 CORN 3.4 263 2963 1422
119 HINESLY 1985 CORN 3.4 263 2963 1422
120 HINESLY 1985 CORN 3.4 263 2963 1422
121 HINESLY 1985 CORN 3.4 263 2963 1422
122 HINESLY 1985 CORN 3.4 263 2963 1422
123 HINESLY 1985 CORN 3.4 263 2963 1422
124 HINESLY 1985 CORN 3.4 263 2963 1422
125 HINESLY 1985 CORN 3.4 263 2963 1422
126 HINESLY 1985 CORN 3.4 263 2963 1422
127 HINESLY 1985 CORN 3.4 263 2963-- 1422
i28 HINESI.Y 1985 CORN 3.4 263 2963 1422
129 HINESLY 1985 CORN 3.4- 263 2963 1422
130 HINESLY 1985 CORN 3.4 283 2983 1422
131 HINESLY 1985 CORN 3.4 263 2963 1422
132 HINESLY 1985 CORN 3.4 283 2983 1422
133 HINESLY 1985 CORN 3.4 263 2983 1422
134 HINESLY 1985 CORN 3.4 263 2963 1422
135 HINESLY 1985 CORN - : 3.4 263 2963. 1422
136 HINESLY 1985 CORN 3.4 263 2963 1422
137 HINESLY 1985 CORN 3.4 263 2963 1422
138 HINESLY 1985 CORN 3.4 283 2963 1422
139 HINESLY 1985 CORN 3.4 263 2963 1422
140 HINESLY 1985 CORN 3.4 263 2963 1422
141 HINESLY 1985 CORN 3.4 263 2963 1422
142 HINESLY 1985 CORN 3.4 263 2963 1422
143 HINESLY 1985 CORN 3.4 263 2963 1422
144 HINESLY 1985 CORN 3.4 263 2963 1422
145 HINESLY 1985 CORN 3:4- 263 2963 1422
146 HINESLY 1985 CORN 3.4 263 ~963 1422
147 HINESLY 1985 CORN 3.4 263 2963 1422
148 HINESLY 1985 CORN 3.4 263 2983 1422
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TABLE F·2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P PI> Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka maiko malka malka CONTNT PROCESSING STABILIZATN

,;'

112 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY; FECL3
113 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
114 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
115 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
116. 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
117. 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
·118 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
119 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
120 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
121 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
122 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
123 4.5 5.9 316 3.5 . 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT- POLY. FECL3
124 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
125 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
126 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
127 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
128 4.5 5.9 316 3.5 1135 5059 . 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
129 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
130 4.5 5.9 316 3.5 1135 5059 -0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
131 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
132 4.5 5.9 316 3.5 " 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. "FECL3
133 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
134 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
135 4.5 5.9 316 3.5 1135 5059 ; 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY.:FECL3
136 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
137 4.5 5.9 " 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
138 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY.FECL3
139 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3

140 4.5 ··5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3

141 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3

142 4.5 5.9 316 3.5 1135 5059 • 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3

143 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION " CENT POLY. FECL3

144 4.5 5.9. 316 3.5 1135 5059 0.03 . 2ND TRTMNT. ANAEROBiC DIGESTION CENT POLY. FECL3
145 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3

146 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
147 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
14S 4.5 5.9 316 " 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY. FECL3
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TABLE F-2 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC
Molha Molha APPLICATN NAME NAME TEXTURE % % % cmollko

112 72 428.3 0 ELLIOT SiL
·113 0 428.3 1 ELLIOT SiL
114 0 428.3 2 ELLIOT SiL
115 0 428.3 3 ELLIOT SiL
116 0 428.3 4 ELLIOT SiL
117 0 0 NA PLAINFIELD SL
118 0 0 NA PLAINFIELD SL
119 0 0 NA PLAINFIELD SL
120 0 0 NA PLAINFIELD SL
121 0 0 NA FLAINFIELD 51.
122 0 0 NA PLAINFIELD Sl
123 0 0 NA PLAINFIELD Sl
124 0 0 NA PLAINFIELD Sl
125 0 0 NA PLAINFIELD Sl
126 0 0 NA PLAINFIELD SL
127 14.5 31.8 0 PLAINFIELD SL
128 11.1 42.9 0 PLAINFIELD SL
129 15.3 58.2 0 PLAINFIELD SL
130 0 58.2 1 PLAINFIELD SL
131 0 58.2 2 PLAINFIELD SL
132 0 58.2 3 PLAINFIELD SL
133 0 58.2 4- PLAINFIELD SL
134 0 58.2 5 PLAINFIELD Sl
135

; 0 58.2 6
; PlAI,NFlELD Sl ;

138 0 58.2 7 PLAINFIELD Sl
137 29 83.8 0 PlAI'NFlELD Sl
138 22.2 85.8 0 PLAIN,FlELD SL
139 30.8 118.4 0

.
PlAINFI,ELD SL

140 0 116.4 1 PlAliNAELD . Sl
141 0 118.4 2 PlA.IINIFlIELD Sl
142 0 118.4 3 PlAINFIELD SL
143 0 118.4 4 PLAINIFlIELD SL
1# 0 118.4 5 PLAIiNFlIE1.[j Sl
145 0 118.4 8 PLAINIFIELD Sl
148 0 118.4 7 PLAJINIFlIELD flL
147 57.8 127 0 PtASNIAElO SL
14. -«..4 171.4 0 Pt.AINAElD SL

,
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TABLE F-2 (cont.l

SOIL CUMM CU SOIL CU PLANTCU PLANT VIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE (ka/hal EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN %

112 2.94 5.9 609 HCL-HF 151 9.2 LEAF SLUDGE, FIELD, MATURITY 0
113 3.92 5.9 609 , HCL-HF 22 S.4 LEAF SLUDGE, FIELD, MATUlllTY 0

. 3.77 "5.S"' . 609 - ~4~ SLUDGE, FIELD, MATURITY114 ,-I HCL-·HF 9.4 LEAF 0
115 2.6 6.1 609 HCL-HF 125 10.3 LEAF SLUDGE, FIELD, MATURITY 0
116 3.2 6.1 609 HCL·HF 184 11.2 LEAF SLUDGE, FIELD, MATURITY 0
117 0.39 7.8 0 HCL-HF 10 5 LEAF SLUDGE, FIELD, MATURITY .NA
118 0.17 7.1 0 HCL·HF 9 10.5 LEAF SLUDGE, FIELD, MATURITY 0
119 0.26 7.3 0 HCL-HF 12 7.9 LEAF SLUDGE, FIELD, MATURITY 0
120 0.27 8.8 0 HCL·HF 5 5.6 LEAF SLUDGE, FIELD, MATURITY 0
121 0.33 7.6 0 HCL·HF 12 5.4 LEAF SLUDGE, FIELD, MATURITY 0
122 0.27 7.5 0 HCL·HF 8 5 LEAF SLUDGE, FIELD, MATURITY 0
123 0.29 7.5 0 HCL·HF 10 4.5 LEAF SLUDGE, FIELD, MATURITY 0
124 0.42 7.4 0 HCL-HF 12 2.7 ,LEAF SLUDGE, FIELD, MATURITY 0
125 0.49 7.4 0 HCL·HF 12 5.S LEAF SLUDGE, FIELD, MATURITY 0
126 0.64 7.3 51.5 HCL-HF 21 5.6 LEAF SLUDGE, FIELD, MATURITY 0
127 0.36 7.6 59.8 HCL-HF 36 9 LEAF SLUDGE, FIELD, MATURITY 0
128 0.28 7.1 70 HCL·HF 14 12.5 LEAF SLUDGE, FIELD, MATURITY 0
129 0.61 7.4 70 HCL-HF 27 S.7 LEAF SLUDGE,· FIELD, MATURITY 0
130 0.91 7.3 70 HCL·HF 37 6.2 LEAF SLUDGE, FIELD, MATURITY 0
131 0.56 7.4 70 HCL-HF 28 4.4 LEAF SLUDGE, FIELD, MATURITY 0
132 0.58 7.1 70 HCL·HF 26 6.5 LEAF SLUDGE, FIELD, MATURITY 0
133 0.45 7.5 70 HCL-HF 25 3.6 LEAF SLUDGE, FIELD, MATURITY 0
134 0.34 7.7 70 HCL·HF 33, 3.1 LEAF SLUDGE, FIELD, MATURITY 0
135 0.47 7.4 70 : HCL-HF 36 7.5 LEAF SLUDGE, FIELD, MATURITY 0
138 0.83 7.4 70 HCL-HF 37 6 LEAF SLUDGE, RELD, MATURITY 0
137 0.58 7.5 103 HCL-HF 68 9 LEAF SLUDGE, FIELD, MATURITY NA
138 0.44 8.9 119.6 HCL·HF 36 16.2 LEAF SLUDGE, FIELD, MATURITY '0
139 0.81 7.1 140 HCL·HF 47 10.1 LEAF .SLUDGE, RELD, MATURITY 0
140 0.95 6.8 140 HCL·HF 47 10.9 LEAF. SLUDGE, FIELD, MATURITY· 0
141 0.75 7.1 140 HCL-HF 46 9.9 LEAF SLUDGE, FIELD, MATURITY 0
142 0.96 7.1 140 HCL·HF 37 8.6 LEAF SLUDGE, FIELD, MATURITY 0
143 0.59 6.9 140 HCL-HF 52 5 LEAF . SLUDGE, FIELD, MATURITY 0
144 0.89 7 140 HCL-HF 50 3.2 LEAF SLUDGE, FIELD, MATURITY 0
145 0.81 7.1 140 HCL-HF 52 8.4 LEAF SLUDGE, FIELD, MATURITY 0
146 0.52 7.1 140 HCL-HF 36 5.9 LEAF SLUDGE, FIELD, MATURITY 0
147 0.9 7.6 206 HCL-HF 154 '10.6 LEAF SLUDGE, FIELD, MATURITY NA
148 0.6 6.6 239 HCL-HF 42 12.2 LEAF SLUDGE, FIELD MATURITY 0
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TABLE F-2 (cont.1

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

112 GRAIN 0 STOVER NO
113 GRAIN 0 STOVER NO
114 GRAIN 0 STOVER NO
115 GRAIN 0 STOVER NO
116 GRAIN 0 STOVER NO
117 GRAIN 0 STOVER NO
118 GRAIN 0 STOVER NO
119 GRAIN 0 STOVER NO
120 GRAIN 0 STOVER NO
121 GRAIN 0 STOVER NO
122 GRAIN 0 STOVER NO
123 GRAIN 0 STOVER NO
124 GRAIN 0 STOVER NO
125 GRAIN 0 STOVER NO
126 . GRAIN 0 STOVER NO
127 GRAIN NA STOVER NO·
128 GRAIN 0 STOVER NO
129 GRAIN 0 STOVER! NO
130 GRAIN 0 STOVER NO
131 GRAIN 0 STOVER NO
132 GRAIN 0 STOVER NO
133 GRAIN 0 STOVER NO
134 GRAIN 0 STOVER NO
135 GRAIN 0 STOVER NO
138 GRAIN 0 STOVER NO
137. GRAIN NA STOVER NO
138 GRAIN 0 STOVER N'O
139 GRAIN 0 STOVER NO
140 GRAIN . 0 STOVER NO
141 GRAIN 0 STOVER NO
142 GRAI'N . 0 STOVER N'O
143 GRAIN 0 STOVER N'O
144- GRAIN 0 STOVER NO
'-45 GRAIN 0 STOVER NO
1-4S GRAIN 0 STOVER NO
147 GRAl:N NA STOVER NO
1.($ GRAIN 0 STOVER NO
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TABLE F-2 (cont.)

COMMENTS LOCATION

112 JOLIET. ILLINOIS
113 JOLIET. ILLINOIS
114 JOLIET. ILLINOIS
115. JOLIET. ILLINOIS
116 JOLIET. ILLINOIS
117 JOLIET. ILLINOIS
118 JOLIET. ILLINOIS
119 JOLIET. ILLINOIS
120 JOLIET. ILLINOIS
121 JOLIET. ILLINOIS
122 JOLIET. ILLINOIS
123 JOLIET. ILLINOIS
124 JOLIET. ILLINOIS
125 JOLIET. ILLINOIS
126 JOLIET. ILLINOIS
127 JOLIET. ILLINOIS
128 JOLIET. ILLINOIS
129 JOLIET. ILLINOIS
130 JOLIET. ILLINOIS
131 JOLIET. ILLINOIS
132 JOLIET. ILLINOIS
133 JOLIET. ILLINOIS
134 JOLIET. ILLINOIS
135 : I JOLIET. ILLINOIS
136 JOLIET, ILUNOIS
137 JOLIET, ILLINOIS
138 JOLlET,IWNOIS
139 JOLIET. IWNOIS
140 JOLIET. ILLINOIS
141 JOLIET, ILLINOIS
142 .. JOLIET. IWNOIS
143 JOLIET, ILLINOIS
144 .JOLIET, ILLINOIS
145 JOLIET, ILLINOIS
146 JOLIET. ILLINOIS
147 JOLIET. ILLINOIS
148 JOLIET. ILLINOIS
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu
CITATION NAME CULTIVAR pH % % % malka maiko malka

149 HINESLY 1985 CORN 3.4 263 2963 1422
150 HINESLY 1985 CORN 3.4 263 2963 1422
151 HINESLY 1985 CORN 3.4 263 2963 1422
152 HINESLY 1985 CORN 3.4' 263 2963 1422
153 HINESLY 1985 CORN 3.4 263 2963 1422
154 HINESLY 1985 CORN 3.4 263 2963 1422
155 HINESLY 1985 CORN 3.4 263 2963 1422
156 HINESLY 1985 CORN , 3.4 263 2963 1422
157 HINESLY 1985 CORN 3.2 265 2846 1311
158 HINESLY 1985 CORN 3.2 265 2846 1311
159 HINESLY 1985 CORN 3.2 265 2846 ~311

160 HINESLY 1985 CORN 3.2 265 2846 .1311
161 HINESLY 1985 'CORN 3.2 265 2848 1311
162 HINESLY 1985 CORN 3.2 265 2846 1311
163 HINESLY 1985 CORN 3.2 265 2846 1311
164 HINESLY 1985 CORN 3.2 265 2848 1311
165 HINESLY 1985 CORN 3.2 265 2846 1311
166 HINESLY 1985 CORN 3.2 265 2846 1311
167 HINESLY 1985 CORN 3.2 265 2846 1311
168 HINESLY 1985 CORN 3.2 265 2848 1311
169 HINESLY 1985 CORN 3.2 265 2848 1311
170 HINESLY 1985 CORN 3.2 265 2846 1311
171 HINESLY 1985 CORN . 3.2 265 2848 1311
172 HINESLY 1985 CORN 3.2 285 2840 1311
173 HINESLY 1985 CORN 3.2 265 2848 1311
174 HINESLY 1985 CORN 3.2 265 2846 1311
175 H,INIESLY 1Sl85 CO'RN 3.2 265 '2848 1311
178 HIINESLY 1985 COIRN 3.2 285 2848 1311
177 HINESLY 1985 CORN

.
3.2 285 2848 1311

178 HIiNESLY 1985 CO,RN 3.2 285 2848 1311
179 HINIESLV 1985 CORN . 3.2 285 2848 1311
1&0 HIN'ESLV lS'85 CO'RN 3.2 285 2146 1311
181 HIINIESLV 1985 CO'RN 3.2 285 2148 1311
182 HINES·LV 1985 CO,RN 3.2 285 2848 1311
183 HINIESLY Hl85 CORN 3.2- 2&5 ~lB46 1311
184 HilNEStV 198·5 CO'RN 3.2- 265 2.148 1311
185 H1NEStY 19S5 CORN 3.2 265 2846 1311
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka malka maiko CONTNT PROCESSING STABILIZATN

149 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
150 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
151 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
152 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
153 4.5 5.9 316 3.S 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION .CENT POLY, FECL3
154 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

·155 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
156 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
157 4.2 5.5 305 3.3 1169 4769 0.03 .2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
158 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
159 4.2 5.5 305 3.3 1169 . 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
160 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENl POLY, FECL3
161 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
162 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
163 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
164 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
165 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
168 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
167 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
168 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

169 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

170 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

171 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

172 4.2
: 5.5 305 3.3 1169 4769 0.03 : 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

173 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

174 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

175 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY~ FECL3

178 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAER .l;Ile OIGESTION CENT POLY, FECL3

177 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, AN - . ~I~ESTION CENT POLY, FECL3

178 4.2 5.5 305 3.3 1169 4169 0.03 2ND TRTMNT, 4N~':Ri ·liile DIGESTION CENT POLY, FECL3

179 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3

180 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

181 4.2 5.5. 305 3.3 1169 4169 0.03 . 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

182 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

183 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION . CENT POLY, FECL3

184 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

185 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3
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TABLE F-2 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

LOADNG RATE LOAONG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC
Mo/hll Mo/ha APPLICATN NAME NAME TEXTURE % % % cmolJ1<o

149 61.1 232.5 0 PLAINFIELD SL
150 69.8 302.3 0 PLAINFIELD Sl
151 54 356.3 0 PLAINFIELD SL
152 72 428.3 0 PLAINFIELD SL
153 0 428.3 1 PLAINFIELD SL
154 0 428.3 2 PLAINFIELD SL
155 0 428.3 3 PLAINFIELD SL
156 0 428.3 4 PLAINFIELD SL
157 0 0 NA BLOUNT SiL
158 0 0 NA BLOUNT SiL
159 0 0 NA BLOUNT SiL
160 0 0 NA BLOUNT SiL
161 0 0 NA BLOUNT SiL
162 26.2 40.1 0 BLOUNT SIL
163 8.1 48.2 0 BLOUNT SiL
164 14.7 62.9 0 BLOUNT SIL
165 17.7 80.6 0 BLOUNT Sil
166 13.1 93.7 0 BLOUNT SiL
167 52.4 80.2 0 BLOUNT SIL
168 1&.2 96.4 0 BLOUNT SIL
169 29.4 125.8 0 BLOUNT SIL
170 35.4 181.2 0 BLOUNT SIL
171 28.2 187.4 0 BLOUNT Si,L
172 104.8 160.4 0 BLOUNT SIL :

173 32.4 192.8 0 BLOUNT Si,L
174 58.8 251.6 0 BLOUNT SIL
175 70.8 322.4 0 BlOUNT SI,L
176 52.4 374.8 0 BLOUNT Sil
177 0 0 NA

.
EW,OT • SiL

178 0 0 NA EWOT Sil
179 0 0 NA . ewOT SIL
18'0 0 0 NA EWOT SIL
181 0 0 NA ew'OT' SIL
182 0 0 NA ew'OT Si'L
183 0 0 NA aUOT SIL
Ul4 0 0 NA ew,or Sit
185 0 0 NA EWOT SI,L
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TABLE F-2 (cant.)

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE (kalha) EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN %

149 2.4 6.8 397 HCL-HF 118 11.1 LEAF SLUDGE. FIELD. MATURITY 0
150 1.85 6.5 482,

, HCL-HF . 60 11.9 LEAF SLUDGE. FIELD. MATURITY 0
. 151'" . ";18 609

-
SLUDGE. FIELD. MA"j'URITY6.1 ,ol,·j HCL·'-1F 104 13.2 LEAF 0

152 1.96 6.2 609 HCL·HF 116 15.3 LEAF SLUDGE. FIELD. MATURITY 0
153 2.84 6 609 HCL·HF 164 9.3 LEAF SLUDGE. FIELD. MATURITY 0
154 3.35 5.9 609 HCL-HF 245 5.9 LEAF SLUDGE. FIELD. MATURITY 0
155 2.1 6.2 609 HCL·HF 150 9.9 LEAF SLUDGE. FIELD. MATURITY 0
156 3.03 6.1 609 HCL·HF 224 7.1 LEAF SLUDGE. FIELD. MATURITY 0
157 1.19 NA 0 HCL·HF 20 8.9 LEAF SLUDGE. FIELD. MATURITY 0
158 1.01 7.1 0 HCL·HF 15 11.2 LEAF SLUDGE. FIELD. MATURITY 0
159 0.93 7.5 0 HCL-HF 19 10.3 LEAF SLUDGE. FIELD. MATURITY 0

.160 1.05 7.7 0 HCL·HF .20 9.8 LEAF SLUDGE; FIELD. MATURITY • 0
161 1.07 7.3 0 HCL-HF 22 10.6 LEAF SLUDGE. FIELD. MATURITY 0
162 1.29 NA 52 HCL-HF 30 9.4 LEAF SLUDGE. FIELD. MATURITY 0
163 1.06 7.2 58 HCL·HF 24 11.7 LEAF SLUDGE. FIELD. MATURITY 0
164 1.1 7.6 67 HCL-HF 35 6.9 LEAF SLUDGE. FIELD. MATURITY 0
165 1.29 7.6 96 HCL·HF 39 11.8 LEAF SLUDGE. FIELD. MATURITY 60-
166 1.17 7.8 117 HCL·HF 47 10.4 LEAF SLUDGE. FIELD. MATURITY 28-
167 1.38 NA 105 HCL·HF 44 9.7 LEAF SLUDGE. FIELD; MATURITY 0
168 1.15 7.1 116 HCL·HF 27 12.6 LEAF SLUDGE. FIELD. MATURITY 0
169 1.29 7.6 135 HCL·HF 45 6.2 LEAF SLUDGE. FIELD. MATURITY 0
170 1.58 7.6 192 HCL·HF 52 9.9 LEAF SLUDGE. FIELD. MATURITY 0
171 1.75 7.5 235 HCL-HF 75 11.3 LEAF SLUDGE. FIELD. MATURITY· 0
172 1.63 NA 210 HCL-HF' 66 9.3 LEAF SLUDGE. FIELD. MATURITY 0
173 1.28 6.9 232 HCL·HF 50 .14.3 LEAF SLUDGE. FIELD. MATURITY 0
174 1.59 7.5 270 HCL·HF 76 6.1 LEAF SLUDGE.RELD.MATURITY 0
175 1.9 7.5 384 HCL·HF 78 11.1 LEAF SLUDGE. RELD. MATURITY ()

178 2.56 7.3 469 HCL-HF 133 13.1 LEAF SLUDGE. FIELD, MATURITY 0
177 1.51 NA 0 HCL-HF 19 9 LEAF SLUDGE. RELD. MATURITY 0
178 1.34 7 0 HCL-HF 13 10.1. LEAF SLUDGE. FIELD, MATURITY 0
179 1.29 7.2 0 HCL-HF 18 4.8 LEAF SLUDGE. FIELD. MATURITY 0
180 1.45 7.1 0 HCL·HF 19 10 LEAF SLUDGE. RELD, MATURITY 0

181 1.3 7.6 0 HCL·HF 22 8.3 LEAF SLUDGE. FIELD. MATURITY 0
182 1.3 7 0 HCL·HF 19 8.3 LEAF SLUDGE. FIELD, MATURITY 0

183 1.41 7.2 0 HCL-HF 20 8 LEAF SLUDGE. RELD, MATURITY 0

184 1.32 6.7 0 HCL·HF 24 6.5 LEAF SLUDGE, FIELD, MATURITY 0

185 1.38 7 0 HCL-HF 23 8.4 LEAF SLUDGE, FIELD MATURITY 0
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TABLE F·2 (cant.1

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

149 GRAIN 0 STOVER NO
150 GRAIN 0 STOVER NO
151 GRAIN 0 STOVER NO
152 GRAIN 0 STOVER NO
153 GRAIN 0 STOVER NO
154 GRAIN 0 STOVER NO
155 GRAIN 0 STOVER NO
156 GRAIN 0 STOVER NO
157 GRAIN NA STOVER NO
158 GRAIN 0 STOVER NO
159 GRAIN 0 STOVER NO
160 GRAIN 0 STOVER NO
161 GRAIN 0 STOVER NO
162 GRAIN NA STOVER NO
163 " GRAIN 0 STOVER NO
164 GRAIN 37- STOVER -NO
165 GRAIN 0 STOVER -NO
166 GRAIN 0 STOVER -NO
167 GRAIN NA STOVER NO
168 GRAIN 0 STOVER NO
169 GRAIN 22- STOVER -NO

" 170 GRAIN 0 STOVER NO
171 GRAIN 0 STOVER NO
172 GRAIN NA STOVER : NO
173 GRAIN 0 STOVER NO
174 GRAIN 0 STOVER NO
175 GRAIN 0 STOVER NO
178 GRAIN 0 STOVER NO
177 GRAIN NA STOVER NO
178 GRAIN 0 STOVER NO
179 GRAI'N . 0 STOVER 14'0
180 GRAIN" 0 STOVER NO
181 GRAliN 0 STOVER 14,0
182 G,RAIN 0 STOVER NO
183 GRAIN 0 STOVER 14'0
184 GRA\lN 0 STOVER 14,0
185 G,RAliN 0 STOVER NO
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TABLE F-2 (cont.)

COMMENTS LOCATION

149 JOLIET, ILLINOIS
150 .'

JOLIET, ILLINOIS
151 JOLIET, ILLINOIS
152 JOLIET, ILLINOIS
153 JOLIET, ILLINOIS
154 JOLIET, ILLINOIS
155 JOLIET, ILLINOIS
156 JOLIET, ILLINOIS
157 JOLIET, ILLINOIS
158 JOLlET,IWNOIS

I 159 JOLIET, ILLINOIS
160 JOLIET, ILLINOIS

j; 161 JOLIET, ILLINOIS
162 JOLIET, ILLINOiS
163 JOLIET, ILLINOIS
164 -DOSE'RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
165 -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
166 -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT 'JOLIET, ILLINOIS
167 JOLIET, ILLINOIS
168 JOLIET, ILLINOIS
169 -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
170 JOLIET, ILLINOIS
171 JOLlET.IWNOIS
172 ;

JOLIET. ILLINOIS
173 JOLIET. ILLINOIS
174 JOLIET, IWNOIS
175 JOLIET. ILLINOIS
176 JOLlET.IWNOIS
177 JOLIET. ILLINOIS
178 JOLIET. ILLINOIS
179 JOLIET. IWNOIS
180 JOLIET. ILLINOIS
181 JOLIET, ILLINOIS
182 JOLIET. ILLINOIS
183 JOLIET. ILLINOIS
184 JOLIET, ILLINOIS
185 JOLIET ILLINOIS
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TABLE F-2 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Cs Cd Cr Cu
CITATION NAME CULTIVAR pH % % % malka malka malka

186 HINESLY 1985 CORN 3.2 265 2846 1311
187 HINESLY 1985 CORN 3.2 265 2846 1311
188 HINESLY 1985 CORN 3.2 265 2846 1311
189 HINESLY 1985 CORN 3.2 265 2846 1311
190 HINESLY 1985 CORN 3.2 265 2846 1311
191 HINESLY 1985 CORN 3.2 265 2846 1311
192 HINESLY 1985 CORN 3.2 265 2846 1311
193 HINESLY 1985 CORN 3.2 265 2846 1311
194 HINESLY '985 CORN 3.2 265 2846 1311
195 HINESLY 1985 CORN 3.2 265 2846 1311
196 HINESLY 1985 CORN 3.2 265 2846 1311
197 HINESLY 1985 CORN 3.2 265 2846 1311
198 HINESLY 1985 CORN 3.2 265 2846 1311
199 HINESLY 1985 CORN 3.2 265 2846 1311
200 HINESLY 1985 CORN ; 3.2 265 2846 1311
201 HINESLY 1985 CORN v 3.2 265 2846 1311
202 HINESLY 1985 CORN 3.2 265 2846 1311
203 HINESLY 1985 CORN 3.2 265 2846 1311
204 HINESLY 1985 CORN 3.2 265 2846 1311
205 HINESLY 1985 CORN 3.2 265 2846 1311
206 HINESLY 1985 CORN 3.2 265 2846 1311
207 HINESLY 1985 CORN 3.2 265 2846 1311
208 HINESLY 1985 CORN 3.2 265 2846 1311
209 HINESLY 1985 CORN : 3.2 265 284tJ 1311
210 HINESLY 1985 CORN 3.2 265 2846 . 1311
211 HiINESLY 1985 CORN 3.2 285 2848 1311
212 HI'NESLY 1985 CO'RN 3.2 265 '2848 1311
213 HI;NESLY 1985 CORN 3.2 285 2848 1311
214 HINIESLY 1985 COIRN 3.2 285 2848 1311
215 HINIESLY 1985 CO'RN 3.2 285 2848 1311
218 HIIN'ESLY 1985 CORN 3.2 2.65 2848 1311
217 HINESLY 1985 CORN 3.2 265 2848 1311
2118 H1/NES,LY 1985 CORN 3.2 285 2846 1311
219 HilINIESLY 1985 COIRN 3.2 265 2848 1311
220 HllNIEStY 1985 CO'RN 3.2 265 2846 1311
221 H1NESLY 1985 CO'RN 3.2 265 2846 1311
222 HNiESLY 1985 COR:N 3.2 265 2848 1311
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka malka malka CONTNT PROCESSING STABILIZATN

186 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
187 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
188 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT,ANAEROBIC DIGESTION CENT POLY, FECL3
189 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
190 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
191 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

·192 4.2 5.5 305 3.3 1169 4769 0.03 2NDTRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
193 . 4".2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
194 4:2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
195 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
196 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
197 " 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
198 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC OIGESTION C/:NT POLY, FECL3
199 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
200 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
201 4.2 5.5 305 3.3 1169 4769 0.03 2ND TPTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
202 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
203 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
204 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
205 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
206 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
207 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
208 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
209 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
210 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
211 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
212 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC OIGESTION CENT POLY, FECL3
213 4.2 5.5 .305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
214 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
215 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
216 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
217 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
218 4.2 5.5. 305 3.3 1169 4769 0.03" 2ND TRTMNT, ANA~ROBIC DIGESTION CENT POLY, FECL3
219 ~.2 9.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, ·FECL3

220 4.2 1$.5 305 3.3 1169 4769 0.03 2NDTRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
221 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
222 4.2 : 5.5 305 . 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3
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TABLE F-2 (oo,ntJ

ANNLSLUDGE CUMMLSWDGE YEARS SOIIL SOlt SAND SILT CLAY 801lL

lOADNG RATE LOADNG RATE SiNce LAST TAXONOMIC SERIES SO'll CONTENT CO,NTENT CO'NTENT CEC
MalhI Ma/hlS APPUCATN NAME NAME TEXTURE % % % omofJko

186 0 0 NA ELLIOT SII.
187 0 0 NA ELUOT SiL
188 26.2 40.1 0 ELLIOT SIL
189 8.1 48.2 0 ELUOT SiL
190 14.7 62.9 0 ELLIOT Sil
191 17.7 80.6 0 ELLIOT SIL
192 13.1 93.7 0 ELUOT Sil
193 17.8 111.5 0 ELLIOT Sil
194 0 111.5 1 ELLIOT Sil
195 0 111.5 2 ELlIOT SiL
196 0 111.5 3 ELLIOT SIL
197 0 111.5 4 ELLIOT Sil
198 0 111.5 5 , ELLIOT SiL
199 52.4 80.2 0 ELLlO'r SiL
200 18.2 96.4 0 ELLIOT SIL
201 29.4 125.8 0 ELLIOT SiL

..
202 35.4 161.2 0 ElliOT· SIL
203 26.2 187.4 0 ELlIOT SiL
204 35.6 223 0 ELLIOT SIL
205 0 223 1 ELLIOT SiL
208 0 223 2 ELLIOT SIL
207 0 223 3 ELLIOT SIL
208 0 223 4 ELLIOT Sil
209 0

;
223 5 ELLIOT

;
Sil

210 104.8 160.4 0 EWOT SIL
211 32.4 192.8 0 ELLIOT SiL
212 58.8 251.8 0 ELLIOT Sil
213 70.8 322.4 0 ELLIOT SiL
214 52.4 374.8 0 ELLIOT .SiL
215 71.2 446 0 ELLIOT SIL
218 0 446 1 EWOT Sil
217 0 448 2 ELLIOT SiL
218 0 448 3 ELLIOT SiL
219 0 446 4 EWOT SiL
220 0 448 5 EWOT Sil
221 0 0 NA PLAINFIELD SL
222 0 0 NA PLAINFIELD SL
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TABLE F-2 (cant.)

SOIL CUMM CU SOIL CU PLANT CU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION

% pH RATE (ka/hal EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN %

186 1.69 7 0 HCL-HF 23 8.3 LEAF SLUDGE, FIELD, MATURITY 0
187 1.48 7.4 0 HCL-HF 22 NA , LEAF SLUDGE, FIELD, MATURITY 0

"'.52 NA -, -
, 188' , 1 52 HCL-HF 30 9.6 LEAF SLUDGE, FIELD, MATURITY 0

189 1.4 6.9 58 HCL~HF 20 10.7 LEAF SLUDGE, FIELD, MATURITY 0
190 1.35 7.2 67 HCL·HF 27 6.2 LEAF SLUDGE, FIELD, MATURITY 0
191 1.58 7.4 96 HCL-HF 36 9.8 LEAF SLUDGE, FIELD, MATURITY 60-
192 1.5i4 7.1 117 HCL-HF 52 13.2 LEAF SLUDGE, FIELD, MATURITY 28-

193 1.64 6.9 146 HCL·HF 50 9.7 LEAF SLUDGE, FIELD, MATURITY 0
194 1.69 6.9 146 HCL-HF 54 9.7 LEAF SLUDGE, FIELD, MATURITY 0
195 1.91 7 146 HCL-HF 45 4.8 LEAF SLUDGE, FIELD, MATURITY 0
196 1.66 7.3 146 HCL-HF 67 6.8 LEAF SLUDGE, FIELD, MATURITY 0
197 2.05 7.1 146 HCL-HF 63 6.4 LEAF SLUDGE; FIELD, MATURITY 0
198 1.95 7.2 146 HCL·HF 48 NA LEAF SLUDGE, FIELD, MATURITY 0
199 1.71 NA 105 HCL-HF 38 ; 10.8 LEAF SLUDGE, FIELD, MATURITY 0
200 1.57 6.9 116 HCL-HF 28 12.4 ~ LEAF SLUDGE, FIELD, MATURITY 0
201 1.57 7.3 135 HCL-HF 41 5.8 . LEAF SLUDGE, FIELD, MATURITY 0
202 1.79 7.1 192 HCL-HF 46 10.3 LEAF SLUDGE, FIELD, MATURITY 0
203 1.93 6.9, 235 HCL-HF 64 11.7 LEAF •SLUDGE, FIELD, MATURITY 0
204 2.09 6.6 292 HCL-HF 80 14.7 LEAF SLUDGE, FIELD', MATURITY 0
205 2.37 6.4 292 HCL-HF 96 10.8 LEAF SLUDGE, FIELD, MATURITY 0
206 2.4 6.4 292 HCL-HF ,101 6.1 LEAF SLUDGE, FIELD, MATURITY 0
207 2.4 8.8 292 HCL-HF 108 8.1 LEAF SLUDGE, FIELD, MATURITY 0
208 2.38 6.8 292 HCL-HF 91 6.8 LEAF SLUDGE, FIELD, MATURITY 0
209 2.48 7.2 292 HCL-HF

: 89 NA LEAF SLUDGE, FIELD, MATURITY 0
210 2.06 NA 210 HCL-HF 60 ,10.4 LEAF SLUDGE, FIELD, MATURITY 0
211 2 6.4 232 HCL-HF 50 11 LEAF SLUDGE, FIELD, MATURITY 0
212 1.78 6.4 270 HCL-HF 56 6.2 LEAF SLUDGE, FIELD, MATURITY 0
213 2.67 6.2 384 HCL-HF 90 11.7 LEAF SLUDGE, FIELD, MATURITY 0
214 2.72 6.1 469 HCL-HF 115 12.2 LEAF SLUDGE, FIELD, MATURITY 0
215 3.53 5.4 584 HCL·HF 171 11.6 LEAF SLUDGE, FIELD, MATURITY 0
216 3.35 5.5 584 HCL-HF 171 11.3 LEAF SLUDGE, FIELD, MATURITY 0
217 3.29 5.8 584 HCL-HF 148 8.7 LEAF 'SLUDGE, FIELD, MATURITY 0
218 2.68 6 584 HCL-HF 140 8.9 LEAF SLUDGE, FIELD, MATURITY 0
219 3.02 6 584 HCL-HF 188 8.2 LEAF SLUDGE, FIELD, MATURITY 0

220 2.2 8.3 584 HCL-HF 97 NA LEAF SLUDGE, FIELD, MATURITY ,0

221 0.36 NA 0 HCL-HF 7 '7.3 LEAF SLUDGE, FIELD, MATURITY 0
222 0.17 7 0 HCL-HF 7 i 10.4 LEAF SLUDGE, FIELD MATURITY o ,
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TABLE F-2 (cc,nU

YI,ELO VI'ELO YI!ElD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

186 GRAIN a STOVER NO
187 GRAIN a STOVER NO
188 GRAIN NA STOVER NO
189 GRAIN 0 STOVER NO
19'0 GRAIN 0 STOVER NO
191 GRAIN a STOVER aNO
192 GRAIN 0 STOVER -NO
193 GRAIN 0 STOVER NO
194 GRAIN 0 STOVER NO
195 GRAIN 0 STOVER NO
196 GRAIN 0 STOVER NO
197 GRAIN 0 STOVER NO
198 GRAIN a STOVER NO
199 GRAIN NA STOttER NO
200 . GRAIN 0 STOVER NO
201 GRAIN 0 STOVER NO
202 GRAIN 0 STOVER NO
203 GRAIN 0 STOVER NO
204 GRAIN 0 STOVER NO
205 GRAIN 0 STOVER NO
206 GRAIN 0 STOVER NO

. 207 GRAIN 0 STOVER NO
208 GRAIN 0 STOVER NO
209 GRAIN 0 STOVER NO
210 GRAIN NA STOVER NO
211 GRAIN 0 STOVER NO
212 GRAIN 0 STOVER NO
213 GRAIN 0 STOVER NO
214 GRAIN a STOVER. NO
215 GRAIN 0 STOVER NO
216 GRAIN 0 STOVER NO
217 GRAIN a STOVER NO
218 GRAIN 0 STOVER NO
219 GRAIN 0 STOVER NO
220 GRAIN 0 STOVER NO
221 GRAIN NA STOVER NO
222 GRAIN 0 STOVER NO
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TABLE F-2 (cont.)

COMMENTS LOCATION

186 JOLIET, ILLINOIS
187 JOLIET, ILLINOIS
188 JOLIET, ILLINOIS
189 JOLIET, ILLINOIS
190 JOLIET, ILLINOIS
191 . "DOSE RESPONSE AND TISSUE ZNCONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
192 "DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
193 . JOLIET, ILLINOIS
194 JOLIET, ILLINOiS
195 JOLIET, ILLINOIS
196 JOLIET, ILLINOIS
197 JOLIET, ILLINOIS
198 JOLIET, ILLINOIS
199 i JOLIET, ILLINOIS
200 .. JOLIET, ILLINOIS
201 JOLIET, ILLINOIS
202 JOLIET, ILLINOIS
203 JOLIET, ILLINOIS
204 JOLIET ILLINOIS
205 JOLIET, ILLINOIS
206 JOLIET, ILLINOIS
207 JOLIET, ILLINOIS
208 JOLIET, ILLINOIS
209 : : JOLIET, ILLINOIS
210 JOLIET, ILLINOIS
211 JOLIET, ILLINOIS
212 JOLIET, ILLINOIS
213 JOLIET, ILLINOIS
214 JOLIET, ILUNOIS
215 JOLIET, ILLINOIS
216 JOLIET, ILLINOIS
217 JOLIET, ILLINOIS
218 JOLIET, ILLINOIS
219 JOLIET, ILLINOIS
220 JOLIET, ILLINOIS
221 JOLIET, ILLINOIS
222

, JOLIET, ILLINOIS
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TABtE F-2 (oo,nt.)

SLUDGE SLUD'GE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOILSOUDS AI CII Cd Cr Cu
CITATION NAME CULTIVAR pH % % % maiko maiko molko

223 HINESLY 1985 CORN 3.2 265 2846 1311
224 HINESLY 1985 CORN 3.2 265 2846 1311
225 HINESLY 1985 CORN 3.2 265 2846 1311
226 HINESLY 1985 CORN 3.2 265 2846 1311
227 HINESLY 1985 CORN 3.2 265 2846 1311
228 HINESLY 1985 CORN 3.2 265 2846 1311
229 HINESLY 1985 CORN 3.2 265 2846 1311
230 HINESLY 1985 CORN 3.2 265 2846 1311
231 HINESLY 1985 CORN 3.2 265 2846 1311
232 HINESlY 1985 CORN 3.2 265 2846 1311
233 HINESlY 1985 CORN 3.2 265 2846 1311
234 HINESLY 1985 CORN 3.2 265 2846 1311
235 HINESLY 1985 CORN 3.2 265 2846 1311
236 HINESLY 1985 CORN . 3.2 265 2846 1311
237 HINESlY 1985 CORN 3.2 265 2846 1311
238 HINESLY 1985 CORN 3.2 265 2846 1311
239 HINESLY 1985 CORN 3.2 265 2846 1311
240 HINESLY 1985 CORN 3.2 265 2846 1311
241 HINESLY 1985 CORN :U 285 28~6 1311
242 HINESLY 1985 CORN 3.2 265 2848 1311
243 HINESLY 1985 CORN 3.2 265 2848 1311
244 HINESLY 1985 CORN 3.2 265 2846 1311
24!i HINESLY 1985 CORN 3.2 265 2846 1311
246 HINESLY 1985 CORN : 3.2 265 :2848 1311
247 HINESLY 1985 CORN 3.2 265 2846. 1311
248 HINESLY 1985 CORN 3.2 265 2846 1311
249 HINESLY 1985 CORN 3.2 265 '2846 1311
250 HINESLY 1985 CORN 3.2 265 2846 1311
251 HINESLY 1985 CORN 3.2 285 2846 1311
252 HINESLY 1985 CORN 3.2 265 2846 1311
253 HINESLY 1985 CORN 3.2 265 2846 1311
254 HINESlY 1985 CORN 3.2 265 2846 1311
255 HINESLY 1985 CORN 3.2 265 2846 1311
258 HINESLY 1985 CORN 3.2 265 2848 1311
257 HINESLY 1985 CORN 3.2 265 2846 1311
258 HINESLY 1985 CORN 3.2 265 2846 1311
259 HINESLY 1985 CORN 3.2 265 2846 1311
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TABLE F-2 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka malka malka CONTNT PROCESSING STABIUZATN

223 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
224 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
225 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
226 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
227 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
228 4;2 5.5 30" 3.3 1169 4769 0.03 2ND. TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

·229 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
230 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
231 4;2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION· CENT POLY, FECL3
232 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
233 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
234 4.2 5.5 305 3.3 . 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
235 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
236 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
237 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
238 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
239 4.2 5.5 305 3.3 1169 4769 0;03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
240 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
241 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
242 4.2 5.5 305 3.3 1169 47.69 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
243 4.2 5.5 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
244 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
245 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
248 4.2 5.5 305 3.3 : 1189 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
247 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
248 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
249 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
250 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
251 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
252 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
253 4.2·· 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
254 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY,FECL3
255 4.2 5.5. 305 3.3 1169 4769 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
258 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
257 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
258 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
259 4.2 . 5.5 305 " 3.3 1169 4769 0.03 2NDTRTMNT, ANAEROBIC DIGESTION CENT POLY FECL3
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TABlE (=,2 (OOill!t.)

ANN'l SLUOGE CUMML SLU'DGE VEARS SOIL SOil SAND SltT CLAV SOIL

LOADNG RATE LOADN'G RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTeNT CONTENT CEC
Manlll MalhI AP'PLICATN NAME NAME TEXTURE % % % cmollko

223 0 0 NA PLAINFIELD SL
224 0 0 NA PLAINFI'ELD SL
225 0 0 NA PLAINFIELD SL
226 0 0 NA PLAINFIELD SL
227 0 O. NA PLAINFIELD SL
228 0 0 NA PLAINFIELD SL
229 0 0 NA PLAINFIELD SL
230 0 0 NA PLAINFIELD SL
231 0 0 NA PLAINFIELD ' SL
232 26.2 40.1 0 PLAINFIELD SL
233 8.1 48.2 0 PLAINFIELD SL
234 14.7 62.9 0 PLAINFIELD SL
235 17.7 80.6 0 PLAINFIELD SL
236 13.1 93.7 0 PLAINFI£LD SL
237 17.8 111.5 0 PLAINFIELD SL
238 0 111.5 1 PLAINFIELD SL
239 0 111.5 2 PLAINFIELD SL
240 0 111.5 3 PLAINFIELD SL
241 0 111.5 4 PLAINFIELD SL
242 0 111.5 5 PLAINFIELD SL
243 52.4 80.2 0 PLAINFIELD SL
244 16.2 96.4 0 PLAINFIELD SL
245 29.4 125.8 0 PLAINFIELD SL
246 35.4 161.2 0 : PLAINFIELD SL :

247 26.2' 187.4 0 PLAINFIELD SL
248 35.6 223 0 PLAINFIELD SL
249 0 223 1 PLAINFIELD SL
250 0 223 2 PLAINFIELD SL
251 0 223 3 PLAINFIELD . SL
252 0 223 4 PLAINFIELD SL
253 0 223 5 PLAINFIELD SL
254 104.8 160.4 0 PLAINFIELD SL
255 32.4 192.8 0 PLAINFIELD' SL
256 58.8 251.8 0 PLAINFIELD SL
257 70.8 322.4 0 PLAINFIELD SL
258 52.4 374.8 0 PLAINFIELD SL
259 71.2 448 0 PLAINFIELD SL
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TABLE F-2 (cant.)

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% oH RATE (ka/ha) EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN %

223 0.21 7.2 0 HCL·HF 6 7.9 LEAF SLUDGE, FIELD, MATURITY 0
224 0.42 7.1 0 HCL-HF 9 7 LEAF SLUDGE, FIELD, MATURITY 0

0.44 '·1 -'. -
225' ",I 0 HCL-.HF 14 5.7 LEAF SLUDGE, FIELD, MATURITY 0
226 0.56 6.9 0 HCL·HF 6 7.7 LEAF SLUDGE, FIELD, MATURITY 0
227 0.48 7 0 HCL-HF 14 4.6 LEAF SLUDGE, FIELD, MATURITY 0
228 0.75 7 0 HCL·HF 7 4.5 LEAF SLUDGE, FIELD, MATURITY 0
229 0.76 7 0 HCL-HF 22 7.2 LEAF SLUDGE, FIELD, MATURITY 0
230 1.21 6.9 0 -HCL·HF 24 5.6 LEAF SLUDGE, FIELD, MATURITY 0
231 0.84 7.1 0 HCL-HF 30 NA LEAF SLUDGE, FIELD, MATURITY 0
232 0.31 NA 52 HCL·HF 23 9.1 LEAF SLUDGE, FIELD, MATURITY 0
233 0.44 7.2 58 HCL-HF 23 12.4 LEAF SLUDGE, FIELD, MATURITY 0
234 0.63 7.3 67 HCL-HF 33 5.9 LEAF SLUDGE, FIELD, MATURITY. 0
235 0.67 7.5 96 HCL-HF 28 8.1 LEAF SLUDGE, FIELD, MATURITY 60·
236 0.78 7 117 HCL-HF 45 11.1 LEAF SLUDGE: FIELD, MATURITY 60·
237 0.8 7 146 HCL·HF 42 9.7 • LEAF SLUDGE, FIELD, MATURITY 0
238 0.99 8.8 146 HCL-HF 62 i7.8 LEAF SLUDGE, FIELD, MATURITY 0
239 1.42 7.1 146 HCL·HF 71 3 LEAF SLUDGE, FIELD, MATURITY 0
240 1.71 7.2 14& HCL-HF 92 6.5 LEAF SLUDGE,-FIELD, MATURITY 0
241 1.82 7.2 146 HCL·HF 93 7.3 LEAF SLUDGE, FIELD, MATURITY 0
242 1.96 7.1 146 HCL-HF 69 NA LEAF SLUDGE, FIELD, MATURITY 0
243 0.43 NA 105 HCL-HF 35 9.6 LEAF SLUDGE, FIELD, MATURITY NA
244 0.51 7.1 116 HCL-HF 26 12.4 LEAF StUDGE, FIELD, MATURITY '. 0
245 0.94 7 135 HCL-HF 53 7.9 LEAF SL;UDGE, FIELD, MATURITY i 0
246 1.16 7.2 192 HCL-HF 57 10 LEAF SLUDGE, FIELD, MATURITY 0
247 1.4 7 235 HCL-HF 85 . 10.8 LEAF SLUDGE, FIELD, MATURITY 0
248 1.75 6.4 292 ,HCL-HF 99 13 LEAF SLUDGE, FIELD, MATURITY 0
249 2 6.3 292 HCL-HF 111 9.7 LEAF SLUDGE, FIELD, MATURITY 0
250 2.16 8.8 292 HCL-HF 102 5.3 LEAF SLUDGE, FIELD, MATURITY 0
251 2.02 8.8 292 HCL-HF 151 8.4 LEAF· SLUDGE, FIELD, MATURITY 0
252 2.33 7.1 292 HCL-HF 146 6.9 LEAF SLUDGE, FIELD, MATURITY 0
253 1.86 7 292 HCL-HF 124 NA LEAF SLUDGE, FIELD, MATURITY

,
0

254 0.73 NA 210 HCL-HF 61 9.9 LEAF SLUDGE, FIELD, MATURITY 0
255 0.57 6.8 232 HCL-HF 33 14.8 LEAF SLUDGE, FIELD, MATURITY 0
256 1.3 6.7 270 HCL-HF 73 8.8 LEAF SLUDGE, FIELD, MATURITY 0
257 1.42 6.6 384 HCL-HF 77 13.3 LEAF SLUDGE, FIELD, MATURITY 0
258 2.4 6.4 469 HCL·HF 162 14.7 LEAF SLUDGE, FIELD, MATURITY 0
259 2.76 6.1 584 HCL-HF 155 17.2 LEAF SLUDGE, FIELD, MATURITY 0
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TABLE F-2 (cont.1

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

223 GRAIN 0 STOVER NO
224 GRAIN 0 STOVER NO
225 GRAIN 0 STOVER NO
2~6 GRAIN 0 STOVER NO
227 GRAIN 0 STOVER NO
228 GRAIN 0 STOVER NO
229 GRAIN 0 STOVER NO
230 GRAIN 0 STOVER NO
231 GRAIN 0 STOVER NO
232 GRAIN NA STOVER NO
233 GRAIN 0 STOVER NO
234. GRAIN 0 STOVER NO
235 GRAIN 0 STOVER eNO
236 GRAIN 0 STOV!R eNO
237 GRAIN 0 STOVER NO
238 GRAIN 0 STOVER NO'
239 GRAIN 0 STOVER NO
240 GRAIN 0 STOVER NO
241 GRAIN 0 STOVER NO
242 GRAIN 0 STOVER NO
243 GRAIN NA STOVER NO

.244 GRAIN 0 STOVER NO
245 GRAIN 0 STOVER NO
246 GRAIN :

0 STOVER NO
247 GRAIN 0 STOVER NO
248 GRAIN 0 STOVER NO
249 GRAIN 0 STOVER NO
250 GRAIN 0 STOVER NO
251 GRAIN 0 STOVER NO
252 GRAIN 0 STOVER NO
253 GRAIN 0 STOVER NO
2154 GRAIN NA STOVER NO
256 GRAIN 0 STOVER NO
256 GRAIN 0 STOVER NO
257 GRAIN 0 STOVER N'O
258 GRAIN 0 STOVER NO
259 GRAJIN 0 STOVER NO
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TABLE F·2 (cant.)

COMMENTS LOCATION

223 JOLIET, ILLINOIS
224 JOLIET, ILLINOIS
225 JOLIET, ILLINOIS
226 JOLIET, ILLINOIS
227 JOLIET, ILLINOIS
228 JOLIET, ILLINOIS
229 JOLIET, ILLINOIS
230 JOLIET, ILLINOiS
231 JOLIET, ILLINOiS
232 JOLIET, ILLINOIS
233 JOLIET, ILLINOIS
234 JOLIET, ILLINOiS
235 "DOSE RESPONSE AND TISSUE ZN CONCENTRATiON NOT CONSISTENT , JOLIET, ILLINOIS
236 "DOSe RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
237 • JOLIET, ILLINOIS
238 , JOLIET, ILLINOIS
239 JOLIET, ILLINOIS
240 JOLIET, ILLINOIS
241 JOLIET, ILUNOIS
242 JOLIET, ILUNOIS
243 JOLIET, ILUNOIS
244 , JOUET, ILLINOIS
245 ,.

; JOLIET, ILLINOIS
246 : : JOLIET, ILLINOIS
247 JOLIET, ILLINOIS
248 JOLIET, ILLINOIS
249 JOLIET, ILLINOIS
250 JOLIET, ILLINOIS
251 JOLIET, ILLINOiS
252 JOLIET, ILLINOIS
253 JOLIET, ILLINOIS
254 JOLIET, ILLINOIS
255 JOLIET, ILLINOIS
256 JOLIET, ILLINOIS
257 JOLIET, ILLINOIS
258 JoLIET, ILLINOiS
259 JOLIET, ILLINOiS
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TABLE F-2 (cont.l

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Cs Cd Cr Cu
CITATION NAME CULTIVAR pH % % % malka malka malka

260 HINESLY 1985 CORN 3.2 265 2846 1311
261 HINESLY 1985 CORN 3.2 265 2846 1311
262 HINESLY 1985 CORN 3.2 265 2846 1311
263 HINESLY 1985 CORN 3.2 265 2846 1311
264 HINESLY 1985 CORN 3.2 265 2846 1311
265 DAVIS 1981 HERBAGE 1040
266 DAVIS 1981 HERBAGE 1040
267 DAVIS 1981 HERBAGE 1040
258 DAVIS 1981 HERBAGE 1040
269 DAVIS 1981 HERBAGE 1040
270 DAVIS 1981 HERBAGE 1040
271 DAVIS 1981 HERBAGE 1040
272 DAVIS 1981 HERBAGE 1040
273 DAVIS 1981 HERBAGE

..
1040

274 DAVIS 1981 HERBAGE i 1040
275 DAVIS 1981 HERBAGE 1040
276 DAVIS 1981 HERBAGE 1040
277 DAVIS 1981 HERBAGE 1040
278 DAVIS 1981 HERBAGE 1040
279 DAVIS 1981 HERBAGE 1040
280 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
281 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
282 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
283 HAM &OOWOY 1978 SOYBEAN MERRILL 1.41 ; 4.98 12 1100 2020
284 HAM &lOOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 . 2020
285 HAM &lOOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
286 HAM &lDOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 '1100 2020
287 HAM &lOOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
288 HAM .O'OWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
289 HAM ItD,OWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
29'0 KIIN'G It MORRiS 1972 RYE 1.42 453
291 KliN'G. MORRIS 1972 RYE 1.42 453
292 KIN'G II MOnRIS 1972 RYE 1.42 453
293 Kl:NG " MORlnS 1972 RYE 1.42 453
294 taNG" MORRIS 1912 RYE 1.42 453
295 K1:NG" MORRIS 1912 RYE 1.42 453
29'15 KI'NG " MORRIS 1972 RYE 1.42 <453
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko malkg mglka maiko CONTNT PROCESSING STABILIZATN

260 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
261 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
262 4.2·. 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
263 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
264 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
265 DIGESTED·
266 DIGESTED
267 DIGESTED
268 DIGESTED
269 .; DIGESTED
270 DIGESTED
271 DIGESTED ..

272 DIGESTED
273 DIGESTED
274 .. DIGESTED
275 DIGESTED
276 DIGESTED
277 DIGESTED

.278 DIGESTED
279 DIGESTED
280 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED

281 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED

282 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED t

283 1.8 2.73 4.4 4.37: 2560 2130 AIR DRY ANAEROBIC DIGESTED
284 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
285 1.8 2.73 4.4 4.37 2580 2130 AIR DRY ANAEROBIC DIGESTED
286 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED

287 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
288 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
289 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED

290 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
291 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

292 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

293 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

294 2.98 25 0.79 2415 0.06 ANAEROBICAllY DIGESTED

295 2.98 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

296 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

F·92



TABLE F-2 (cant.)

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC
Mathe Mathe APPLICATN NAME NAME TEXTURE 'J(, 'J(, 'J(, cmollka

260 0 446 1 PLAINFIELD SL
261 0 446 2 PLAINFIELD SL
262 0 446 3 PLAINFIELD SL
263 0 446 4 PLAINFIELD SL
264 0 446 5 PLAINFIELD SL
265 0 0 0 LANDFILL CAP CLAY
266 53 53 0 LANDFILL CAP CLAY
267 107 107 0 LANDFILL CAP CLAY
268 213 213 0 LANDFILL CAP CLAY
269 426 426 0 LANDFILL CAP CLAY
270 0 0 1 LANDFILL CAP CLAY
271 53 53 1 LANDFII,.L CAP . CLAY
272 107 107 1 LANDFILL CAP CLAY
273 213 213 1 LANDFILL CAP .. CLAY
274 426 426 1 LANDFILL CAP CLAY
275 0 0 2 LANDFILL CAP CLAY
276 53 53 2 LANDFILL CAP CLAY
277 107 107 2 LANDFILL CAP CLAY
278 213 213 2 LANDFILL CAP CLAY
279 426 426 2 LANDFILL CAP CLAY
280 0 0 0 TYPIC TAPLUDOLl WAUKEGAN SIL
281 25 25 0 TYPIC TAPLUDOLL WAUKEGAN SIL
282 50 50 0 TYPIC TAPLUDOLl WAUKEGAN SIL

: 283 100 100 0 TYPIC TAPLUDOLL WAUKEGAN SIL :

284 200 200 0 TYPIC TAPLUDOl.1. WAUKEGAN SIL
285 0 0 1 TYPIC TAPLUDO'Ll WAUKEGAN SIL
288 25 25 1 TYPIC TAPLUDOLL WAUKEGAN SIL
287 50 50 1 TYPIC TAPLUDO'Ll WAUKEGAN SI,L
288 100 100 1 TYPIC TAPLUDOLl WAUKEGAN • SIL
289 200 200 1 TYPIC TAPLUDO'Ll WAUKEGAN SIL
290 0 0 0 TYPI'C HAPLUDULT CECIL SCL
291 26.5 28.S 0 TYPIC HAPLU'DULT CECil SeL .
292 52.5 52.5 0 TYPIC HAPLUDULT CECIL SCt.
293 60 eo 0 TYPIC HAPWDULT CECIL sel
294 120 120 0 TYPi'C HAPLUDUiLT ceCil SeL
295 0 0 0 TYPiC HAPl.UDUlT CECIL SCL
29'6 15.1 41.6 0 TYPiC HAPLUDULT CECIL SeL
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TABLE F-2 Icont.)

SOIL CUMM CU SOIL CU PLANT CU . PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE Ika/ha) EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN %

.

260 3.44 :5.8 584 HCL-HF 199 13.3 LEAF SLUDGE, FIELD, MATURITY 0
261 3.16 5.9 584 HCL-HF 17: 8.6 LEAF SLUDGE, FIELD, MATURITY 0

. 262' :j.28 ··,6.2 . .; 584 HCL-HF 202 10.9 LEAF SLUDGE, FIELD, MA rURITY 0
263 3.1 6.4 584 HCL-HF 236 8.3 LEAF SLUDGE, FIELD, MATURITY 0
264 3.15 6.5 584 HCL-HF 236 NA LEAF SLUDGE, FIELD, MATURITY 0
265 7.9 0 4.8 LEAF FIELD, SLUDGE, MATURITY 0
266 7.9 55 5 LEAF FIELD, SLUDGE, MATURITY. 0
267 7.9 111 6 LEAF FIELD, SLUDGE, MATURITY 0
268 7.9 222 7 LEAF FIELD, SLUDGE, MATURITY 0
269 7.9 443 '6.5 LEAF FIELD, SLUDGE, MATURITY' 0
270 7.9 0 7.4 LEAF FIELD, SLUDGE, MATURITY 0
271 7.9 55 7.3 LEAF FIELD, SLUDGE, MATURITY 0
272 7.9 111 6.2 LEAF FIELD, SLUDGE, MATURITY 0
273 7.9 222 5 LEAF FIELD, SLUDGE, MATURITY 0
274 7.9 443 5.5 .. LEAF FIELD, SLUDGE, MATURITY 0
275 7.9 0 i,5 LEAF FIELD, SLUDGE, MATURITY 0
276 7.9 55 5 LEAF FIELD, SLUDGE, MATURITY 0
277 7.9 111 4.9 LEAF FIELD, SLUDGE, MATURITY 0
278 7.9 222 4.8 LEAF FIELD, SLUDGE, MATURITY 0
279 7.9 443 5.3 LEAF FIELD, SLUDGE, MATURITY 0
280 ,6.5 0 N.L. 5 LEAF FIELD, SLUDGE, MATURITY 0
281 6.5 50 N.L. 6 LEAF FIELD, SLUDGE, MATURITY 0
282 6.5 100 N.L. 9 LEAF FIELD, SLUDGE, MATURITY 0
283

,
6.5 200 N.L. : 10 LEAF FIELD, SLUDGE, MATURITY 0'

284 6.5 400 N.L. . 15 LEAF FIELD, SLUDGE, MATURITY 0
285 6.5 0 N.L. 17 LEAF FIELD, SLUDGE, MATURITY 0
286 6.5 50· N.L. 15 LEAF FIELD, SLUDGE, MATURITY 0
287 6.5 100 N.L. 14 LEAF FIELD, SLUDGE, MATURITY 0
288 6.5 200 N.L- 11 LEAF. FIELD, SLUDGE, MATURITY 0
289 6.5 400 N.L. 10 LEAF FIELD, SLUDGE, MATURITY 0
290 5.2 0 NR , NR FIELD, SLUDGE, MATURITY 0
291 NR 13 NR NR ·FIELD, SLUDGE, MATURITY 34-
292 NR 26 NR NR FIELD, SLUDGE, MATURITY 0
293 NR 34 NR NR FIELD, SLUDGE, MATURITY 0
294 NR 68 NR NR FIELD, SLUDGE, MATURITY 0
295 5.2 0 NR 10 FORAGE FIELD, SLUDGE, MATURITY 0
296 5.1 32 NR 11 FORAGE FIELD, SLUDGE MATURITY 4,.
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TABLE F-2 (cont.)

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

260 GRAIN 0 STOVER NO
261 GRAIN 0 STOVER NO
262 GRAIN 0 STOVER NO
263 GRAIN 0 STOVER NO
264 GRAIN 0 STOVER NO
265 BIOMASS
2.66 BIOMASS
267 BIOMASS
268 BIOMASS
269 BIOMASS
270 BIOMASS
271- BIOMASS
272 BIOMASS
273 BIOMASS ..
274 BIOMASS
275 BIOMASS
276 BIOMASS
277 BIOMASS
178 BIOMASS
279 BIOMASS
280 GRAIN

.281 GRAIN
282 GRAIN
283 GRAIN
284 GRAIN
285 GRAIN
288 GRAIN
287 GRAIN
288 GRAIN
289 GRAIN
29'0 FORAGE NO
291 FO'RAGE NO·
292 FORAGE N'O
293 FORAGE NO
294 FO'RAGE NO
2:95 FORAGE H'O
2:98 FORAGE N'O·
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TABLE F-2(corit.)

,
, COMMENTS LOCATION

260 JOLIET, ILLINOIS
261 JOLIET, ILLINOIS
262 JOLIET, ILLINOIS
263 JOLIET, ILLINOIS
264 JOLIET, ILLINOIS
265 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYE) UNITED KINGDOM
266 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE =OATS/RYE) UNITED KINGDOM
267 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE = OATS/RYE) UNITED KINGDOM
268 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYE) UNITED KINGDOM
269 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYEI UNITED KINGDOM
270 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE-OATS/RYE) UNITED KINGDOM
271 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE = OATS/RYE) UNITED KINGDOM
272 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE-OATS/RYE) UNITED KINGDOM
273 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE-OATS/RYE) ! UNITED KINGDOM
274 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (WERBAGE ... OATS/RYE) UNITED KINGDOM
275 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE=OATS/RYE) UNITED KINGDOM
276 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE-OATS/RYE) UNITED KINGDOM
277 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE ... OATSIRYE) UNITED KINGDOM
278 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE-OATS/RYE) UNITED KINGDOM
279 YIELDS DRAMATICALLY INCREASED BY SLUDGE ON LANDFILL CAP (HERBAGE ..OATS/RYE) UNITED KINGDOM
280 MINNESOTA
281 MINNESOTA
282 " MINNESOTA!
283

: : MINNESOTA'
284 MINNESOTA
285 MINNESOTA
286 MINNESOTA
287 MINNESOTA
288 MINNESOTA
289 MINNESOTA
290

..
GEORGIA

291 ·DOSE RESPONSE NOT CONSISTENT GEORGIA
292 GEORGIA
293 GEORGIA
294 GEORGIA
295 GEORGIA
296 ·DOSE RESPONSE & TISSUE CU CONCENTRATION ARE NOT CONSISTENT, PH<5.5 GEORGIA
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TABLE F·2 (cont.l

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOLSOLlDS AI Ca Cd Cr Cu
CITATION NAME CULTIVAR DH % % % malka malka malka

297 KING & MORRIS 1972 RYE 1.42 453
298 KING & MORRIS 1972 RYE 1.42 453
299 KING & MORRIS 1972 RYE 1.42 453-
300 KING & MORRIS 1972 RYE 1.42 453
301 KING & MORRIS 1972 RYE 1.42 453
302 KING & MORRIS 1972 RYE 1.42 453
303 KING & MORRIS 1972 RYE 1.42 453
304 KING & MORRIS 1972 RYE 1.42 453
305 WEBBER 1972 RED BEET
306 WEBBER 1972 RED BEET 240 1100
307 WEBBER 1972 RED BEET 175 11300
308 WEBBER 1972 RED BEET 175 11300
309 WEBBER 1972 RED BEET 240 1100
310 WEBBER 1972 RED BEET .. 175 11300
311 WEBBER 1972 CELERY
312 WEBBER 1972 CELERY 240 1100
313 WEBBER 1972 CELERY 175 11300
314 WEBBER 1972 CELERY 175 11300
315 WEBBER 1972 CELERY 240 1100
318 WEBBER 1972 CELERY 175 11300
317 WEBBER 1972 CELERY
318 WEBBER 1972
319 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
320 PIETZ ET AL. 1983' CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
321 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 48 1.3 3.3 307 3505 _ 1471
322 PIETZ ET AL.1983 CORN PIONEER 3517 7.6 46 1.8 3.3 307 3505 1471
S23 PIETZ ET AL. 1983 CORN PIONEER 3517 7.8 48 1.5 3.3 307 3505 1471
324 PI,ETZ ET AL. 1983 CORN PIONEER 3517 7.8 46 1.4 3.3 307 3505 1471
325 PIIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
328 PIIETZ ET AL.1983 CORN PIONEER 3517 7.8 48 1.3 3.3 307 3505 1471
327 PlETZ ET AL. 1983 CORN PIONEER 3617 7.8 48 1.8 3.3 307 3506 1471
321 PIETZ ET AL. 1983 CORN P'IONEER 3517 7.8 48 1.6 3.3 307 3505 1471
329 PIETZ ET AL. 1983 CORN PiONEER 3517 7.8 48 1.4 3.3 3'07 3505 1471
330 PlETZ ET AL. 19S3 CORN PION'EER 3517 7.8 48 1.4 3.3 307 3505 1471
331 PIETZ ET AL. llUI3 CORN PiO,NfER 3517 7.8 415 1.3 3.3 307 3505 1471
331 PfETZ ET AL. 1983 CO'RN PIONIEER 3517 7.8 48 US 3.3 307 350'5 1471
333 PJETZ ET AL. '91ll3 CORN PlONIEER 3517 7.8 48 1.5 3.3 3'07 3505 1471
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TABLE F-2 «;ont.1

SLUDGE. SLUDGE SLlJDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka maiko malka CONTNT PROCESSING STABILlZATN

297 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
298 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
299 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
300 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
301 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
302 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED

. 303 2.96 25 0.79 2415 0.06 ANAEROBICALLY DIGESTED
304 2.96 25 0.79 2415 0.06 ANAEROBICAllY DIGESTED
305 :

306 210 3000
,

307 104 3900
308 104 3900
309 210 3000
310 104 3900
311 "
312 210 3000
313 104 3900
314 104 3900
315 210 3000
316 104 3900
317
318
319 5.1 5.1 369 3.42 1258 4872 0.04: SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECl3
320 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAERDIGEST, LAGOON POLYMER,FECL3
321 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
322 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, lAGOON POlYMER,FECL3
323 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECl3.
324 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECl3

325 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECL3

328 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECl3

327 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POL)'MER,FECl3

328 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

329 5.1 5.1. 369 3.42 1258 4872 0.04" SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

330 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECL3

331 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, lAGOON POlYMER,FECl3

332 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POlYMER,FECL3

333 5.1 5.1 ·369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST LAGOON POLYMER FECl3
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TABLE F-2Icont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

lOADNG RATE lOADNG RATE SINCE LAST TAXONOMIC SERIES SOil CONTENT CONTENT CONTENT CEC
Matha Mgtha APPLICATN NAME NAME TEXTURE % % % cmollka

297 30 82.5 0 TYPIC HAPLUDULT CECIL SCL
298 60 120 0 TYPIC HAPLUDULT CECIL SCL
299 120 240 0 TYPIC HAPLUDULT CECIL SCL
300 0 0 0 TYPIC HAPLUDULT CECIL SCL
301 15.1 41.6 0 TYPIC HAPLUDULT CECIL SCL
302 30 82.5 0 TYPIC HAPLUDULT CECIL SCl
303 60 120 0 TYPIC HAPLUDULT CECIL SCL
304 120 240 0 TYPIC HAPLUDULT CECIL SCL
305 0 0 0
306 125.5 125.5 2.
307 125.5 ' 125.5 2.
308 125.5 125.5 2.
309 31.4 94.2 0
310 31.4 94.2 0 ..
311 0 0 0
312 125.5 125.5 2
313 125.5 125.5 2
314 125.5 125.5 2
315 31.4 94.2 0
316 31.4 94.2 0
317
318
319 0 0 STRIP MINE SPOil 12.6
320 0 0 ' STRIP MINE SPOIL : 12.8
321 O· 0 STRI'P MINE SPOIL 12.8
322 0 0 STRIP MINE SPOIL 12.8
323 0 0 STRIP MINE SPOIL 12.8
324 3 3 STRIP MlN'E SPO'IL 12.8
325 12.8 15.8 0 STRI'P MINE S·POIL 12.6
328 12.4 28.1 0 STRIP MI'NE SPO'IL 12.6
327 14.3 42.4 0 STRI:? M1:NE SPa'lL 12.6
328 19.5 61.9 0 STRII? MINE SPO!IIL 12.8
329 6 8 0 STRIP MINE SPOIL 12.8
3310 25.5 31.1'5 0 STRIP MlN:E Sl'otL 12.8
331 29.8 61.3 0 STRIP MilNe S,P04t 12.8
332 21.8 89.9 0 STRIP MINE SPOIL 12.8
333 39 1211.9 0 STRIP MINE SPOIL 12.8
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TABLE F·2 (cont.1

"

.:: .~;

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD
OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTiON OF REDUCTION
% pH RATE (kg/hal EXTRACTANT mglkg mglkg SAMPLED EXPERIMENTAL DESIGN %

297 NR 64 NR 12.5. '=ORAGE FIELD, SLUDGE, MATURITY 0
298 4.5 102 , , NR 14.5 ' .=ORAGE FIELD, SLUDGE, MATURITY 0-

, 299'- ...' 4.2 "",1 184 NR 20 FORAGE FIELD, SLUDGE, MATURITY 80
300 LIMED 0 NR 10.2 FORAGE FIELD, SLUDGE, MATURITY 0
301 LIMED 32 NR 10.2 FORAGE FIELD, SLUDGE, MATURITY 0
302 LIMED 64 NR 11.5 FORAGE FIELD, SLUDGE, MATURITY 0
303 LIMED 102 NR 12 FORAGE FIELD", SLUDGE, MATURITY 0
304 LIMED 184 NR 16 FDRAGE FIELD, SLUDGE, MATURITY 58
305 6.1 0 .5M HOAC 1.1 SLUDGE, FIELD, MATURITY 0
306 NR 138 .5MHOAC 7.3 SLUDGE, FIELD, MATURITY 0
307 NR 502 .5MHOAC 36 SLUDGE, FIELD, MATURITY 0
308 NR 1004 .5M HOAC 76 SLUDGE, FIELD, MATURITY 64
309 NR 104 .5 MHOAC 6 SLUDGE, FIELD, MATURITY 0
310 NR 502 .5 MHOAC 14.5 SLUDGE, FIELD, MATURITY 0
311 6.1 0 .5 M HOAC 1.1 .. SLUDGE, FIELD, MATURITY 0
312 NR 138 .5MHOAC 7.3 , SLUDGE, FIELD, MATURITY 0
313 NR 502 .5MHOAC 36 SLUDGE, FIELD, MATURITY 0
314 NR 1004 .5 MHOAC 76 SLUDGE, FIELD, MATURITY 0
315 NR 104 .5 MHOAC 6 " SLUDGE, FIELD," MATURITY 0
316 NR 502 .5MHOAC 14.5 SLUDGE, FIELD, MATURITY 0
317
318
319 0.25 7.8 0 0.1 MHCI 3.3 12 LEAF FIEI.D, SLUDGE, MATURITY 0. 320 0.25 : 7.8 0 0.1 MHCI 3.6 16 LEAF FIELD, SLUDGE, MATURITY

,
0 :

321 0.33 7.8 0 0.1 MHCI 2.3 . 12 LEAF FIELD, SLUDGE, MATURITY 0
322 0.33 7.8 0 0.1 M HCI 6.8 13 LEAF FIELD, SLUDGE, MATURITY 0
323 0.33 7.8 0 0.1 MHCI 4 9 LEAF FIELD, SLUDGE, MATURITY 0
324 0.33 7.8 2.8 0.1 M HCI 2.7 15 LEAF FIELD, SLUDGE, MATURITY 0
325 0.27 7.8 25 0.1 M HCI 5.3 10 LEAF FIELD, SLUDGE, MATURITY 0
326 0.41 7.8 48 0.1 MHCI 7.8 11 LEAF FIELD, SLUDGE, MATURITY 0
327 0.41 7.8 73 0.1 MHCI 14.6 13 LEAF FIELD, SLUDGE, MATURITY 0
328 0.59 7.8 107 0.1M HC' 9.4 11 LEAF FIELD, SLUDGE, MAtuRITY 0

. 329 0.35 7.8 5.6 0.1 M HC' 3.3 16 LEAF FIELD, SLUDGE, MATURITY 0
330 0.3 7.8 50 0.1 MHCI 5.6 10 LEAF FIELD, SLUDGE, MATURITY 0
331 0.3 7.8 96 0.1 M HCI 19.4 11 LEAF FIEI.D, SLUDGE, MAtURITY 0
332 0.5 7.8 146 0.1 MHCI 19.5 13 LEAF FIELD, SLUDGE, MATURITY 0
333 0.5 7.8 214 0.1 M HCI 14 13 LEAF FIELD, SLUDGE, MATURITY 0
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TABLE F·2 (cont.)

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

297 FORAGE NO
298 FORAGE NO
299 FORAGE POSSIBLE
300 FORAGE NO
301 FORAGE NO
302 FORAGE NO
303 FORAGE NO
304 FORAGE POSSIBLE
305 TOTAL BIOMASS NO
306 TOTAL BIOMASS NO
307 TOTAL BIOMASS NO
308 TOTAL BIOMASS POSSIBLE
309 TOTAL BIOMASS NO
310 TOTAL BIOMASS .. NO
311 . STALKS NO
312 STALKS NO
313 STALKS NO
314 STALKS NO
315 STALKS NO
316 STALKS NO .
317

. 318
319 GRAIN 0 STOVER
320 GRAIN : 0 STOVER
321 GRAIN 0 STOVER
322 GRAIN 0 STOVER
323 GRAIN 0 STOVER
324 GRAIN 0 STOVER
325 GRAIN 0 STOVER
326 GRAIN 0 STOVER
327 GRAIN 0 STOVER
328 GRAIN 0 STOVER
329 GRAIN a STOVER
330 GRAtN 0 STOVER
331 GRAliN 0 STOVER
332 GRAtH a STOVER
333 GRAI'N a STOVER

FolOl



TABLE Fc2 (coot.)

COMMENTS LOCATION

297 GEORGIA
298 GEORGIA
299 PH<S.5 (=4.21 - GEORGIA
300 GEORGIA
301 GEORGIA
302 GEORGIA
303 GEORGIA
304 LOADING IN EXCESS OF AGRONOMIC RATES, PH UNKNOWN AND QUESTIONABLE GEORGIA
305 LEEDS, U.K.
306 LEEDS, U.K.
307 . LEEDS, U.K•
308 HIGH CU SLUDGE (11300 MG/KGIBLENDED WITH LOWERZN SLUDGE WAS USED LEEDS, U.K.
309 LEEDS, U.K.
310 LEEDS, U.K.
311 .. LEEDS, U.K.
312

, , LEEDS, U.K.
313 LEEDS, U.K.
314 LEEDS, U.K.
315 LEEDS, U.K.
316 LEEDS, U.K.
317
318 ,
319 - " FULTON CO., IU.INOIS
320 : : FULTON CO., ILLINOIS
321 FULTON CO., ILLINOiS
322 FULTON CO., ILLINOIS
323 FULTON CO., ILLINOIS
324 FULTON CO.. ILLINOIS
325 FULTON CO., ILLINOIS
326 FULTON CO., ILLINOIS
327 FULTON CO., IlLINOIS
328 FULTON CO., ILLINOIS
329 FULTON CO., ILLINOIS
330 FULTON CO., ILLINOIS
331 FULTON CO., ILLINOIS
332 FULTON CO., ILLINOIS
333 FULTON CO. ILLINOIS
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TABLE F-2Icont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Ce Cd Cr Cu
CITATION NAME CULTIVAR DH % % % malkll maiko maiko

334 PIETZ ET Al. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471

335 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 ~ 1.4 3.3 307 3505 1471

336 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471

337 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471

338 PIETZ ET Al. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471
339 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471

340 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471

341 PIETZ ET Al. 1~91 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471

342 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 . 1.4 3.3 265 3505 1471

343 PIETZ ET AL. 1991 CORN PIONEER 3511 7.6 46 1.4 3.3 265 3505 1471

344- PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 150 3505 1471

345 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471

346 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460

347 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460

348 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460

349 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454

350 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
351 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471

352 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
353 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471

354 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 265 3505 1471

355 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 180 3505 1471

358 PIETZ ET Al. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 180 3505 1471

357 PIETZ ET Al. 1991 CORN PIONEER 3517 7.8 '20 3.1 0.71 71 775. 480

352 PIETZ ET Al. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 480

359 PIETZ ET At. 1991 CORN PIONEER 3377 7.8 30 3.1 0.71 71 775 480

380 PIETZ ET Al. 1991 CORN PIONEER 3377 7.8 20 0.87 3.9 53 '879 454

381 PIETZ ET AL. 1991 CORN PION'EER 3517 7.8 48 1.4 3.3 285 3505 1471

382 PIETZ ET At. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 265 3505 1471

383 PIETZ ET At. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 285 3505 1471

384 PIETZ ET AL.19S1 CO'RN PIONIEER 3517 7.8 48 1.4 3.3 285 350'5 1471

385 Pf,ETZ ET At. 1991 CORN PfONEER 3517 1.8 48 1.4 3.3 285 3505 1471

386 PfIETZ ET At. 1991 CORN PfON,EER 3517 1.8 48 1.4 3.3 180 3505 1411

387 PlETZ ET At. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 160 3505 1471

3M PfETZ ET At. 1991 CORN PIO,NIEER 3517 7.8 2:0 3.1 0.71 71 775 4&0
389 P1IETZ ET At. 1991 CO,RN P1Q1NIEER 3517 7.8 20 3.1 0.71 71 775 4150
37'0 P1'ETZ ET AI.. 19'5n COIRN P1O'N'EER 3377 7.& 30 3.1 ".71 71 775 4&0
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TABLE F-2 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % mg!kg ma!ka mg!kg mg!kg CONTNT PROCESSING STABILIZATN

334 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
335 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

. 336 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
337 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
338 - 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY,ANAER DIGEST, LAGOON POLYMER,FECL3
339 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

. 340 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
341 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
342 4.3 . 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
343 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
344 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
345 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
346 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
347 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
348 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
349 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
350 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
351 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
352 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
353 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
354 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
355 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
356 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
357 2.2 : 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
358 2.2 " 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
359 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
360 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY. ANAER DIGEST, LAGOON POLYMER,FECL3
361 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
362 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST. LAGOON POLYMER,FECL3
363 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY. ANAER DIGEST. LAGOON POLYMER,FECL3
364 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY. ANAER DIGEST, LAGOON POLYMER.FECL3
365 4.3 4.5 425 3.42 ,850 3600 0.052 SECONDARY. ANAER DIGEST, LAGOON POLYMER,FECL3
366 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
367 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY. ANAER DIGEST, LAGOON POLYMER,FECL3
368 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
369 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
370 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
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TABLE F-2 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC
Mglhll Moths APPLICATN NAME NAME TEXTURE % % % cmoll1<a

334 11.9 11.9 0 STRIP MINE SPOIL 12.6
335 51 62.9 0 STRIP MINE SPOIL 12.6
336 59.6 122.5 0 STRIP MINE SPOIL 12.6
337 57.1 179.6 0 STRIP MINE SPOIL 12.6
338 78 257.6 0 STRIP MINE SPOIL 12.6
339 0 0 0 STRIP MINE SPOIL
340 0 0 0 STRIP MINE SPOIL
341 0 0 0 STRIP MINE SPOIL
342 0 0 0 STRIP MINE SPOIL
343 0 0 0 STRIP MINE SPOIL
344 0 0 0 STRIP MINE SPOIL
345 0 0 0 STRIP MINE SPOIL
346 0 0 0 STRIP MINE SPOIL
347 0 0 0 STRIP MINE SPOIL •
348 0 0 0 STRIP MINE SPOIL
349 0 0 0 STRIP MINE SPOIL
350 16.1 78 0 STRIP MINE SPOIL
351 19.9 97.9 0 STRIP MINE SPOIL
352 17.4 115.3 0 STRIP MINE SPOIL
353 11.4 126.7 0 STRIP MINE SPOIL
354 16.8 143.5 0 STRIP MINE SPOIL
355 17.9 161.4 0 STRIP MINE SPOIL
356 16.8 178.2 0 STRIP MINE SPOIL
357 18.8 '195 0 STRIP MINE SPOIL :

358 16.8 211.8 0 STRIP MINE SPOIL
359 16.8 228.8 0 STRIP MINE SPOIL
360 18.8 245.4 0 STRIP MilNE SPOIL
381 32.2 181.1 0 STRI'P MI:N,E SPOI'L
362 39.8 200.9 0 STRIP MIlNE SPOI,L
383 34.8 2:35.7 0 STRIP MIN'E SPOIL
384 22.S 258.5 0 STRliP MIlNE SPO'IL
385 34.9 293.4 0 STRIP MIN:E SPOil
368 35.8 329.' 0 STRIP MNE SP'O'IL
387 33.8 382.8 0 STRIP MNE SPOil
3151 33.8 39'8.4 0 STR,IP M,NiE S,POll
38t 33.8 43,0 0 STR:IP ~N'E SPOil
370 33.8 483.6 0 STRIP MIN'!: SPO'It.
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TABLE F·2 (c!>nt.1

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE (kg/ha) EXTRACTANT mglko maiko SAMPLED EXPERIMENTAL DESIGN %

,

334 0.33 7.8 11.2 0.1 MHCI 3.7 11 LEAF FIELD, SLUDGE, MATUfflTY 0
335 0.33 7.8 100 0.1 M HCI 6. 11 LEAF FIELD, SLUDGE, MATURITY 0

192
. ---

336 ' 0.76 '7.8 ' 0.1 M HCI 39.6 12 LEAF FIELD, SLUDGE, MIi.TURITY 0
337 0.76 7.8 292 0.1 M HCI 32.6 14 LEAF FIELD, SLUDGE, MATURITY 0
338 1.22 7.8 428 0.1 M HCI 29.8 15 LEAF FIELD, SLUDGE, MATURITY 0
339 0.33 7.5 0 0.1 M HCI 11.7 8 LEAF FIELD, SLUDGE, MATURITY 0
340 0.44 7.5 0 0.1 M HCr 9.5 10 LEAF FIELD, SLUDGE, MATURITY 0
341 0.44 7.5 0 0.1 M HCI 11.5 14 LEAF FIELD, SLUDGE, MATURITY 0
342 0.36 7.5 0 0.1 MHCI 13.3 12 LEAF FIELD, SLUDGE, MATURITY 0
343 0.36 7.5 0 0.1 MHCI 11.9 9 LEAF FIELD, SLUDGE, MATURITY 0
344 0.46 7.!5 0 0.1 M HCI 14.3 8 LEAF FIELD, SLUDGE, MATURITY 0
345 0.46 7.5 0 0.1 M HCI 16.4 11 LEAF FIELD, SLUDGE. MATURITY 0
346 0.73 7.5 0 0.1MHCI 18.8 11 LEAF FIELD, SLUDGE. MATURITY 0
347 0.73 7.5 0 0.1 M HCr 24.6 10 LEAF FIELD, SLUDGE, MATURITY 0
348 0.7 7.5 0 0.1 M HCI 26.2 6 .. LEAF FIELD, SLUDGE, MATURITY 0
349 0.7 7.5 0 0.1 M HCI 29.3 9 LEAF FIELD, SLUDGE, MATURITY 0
350 0.59 7.5 140 0.1 M HCI 19.8 8 LEAF FIELD, SLUDGE, MATURITY 29.5
351 0.94 ,7.5 175 0.1 M HCI 23.4 9 LEAF FIELD. Sl.UDGE, MATURITY NA
352 0.94 7.5 206 0.1 M HCI 51 11 LEAF FIELD, SLUDGE, MATURITY 0
353 0.67 ,7.5 228 0.1 M HCI 41.5 12 LEAF FIELD, SLUDGE, MATURITY 0
354 0.67 7.5 264 0.1 M HCI 38.2 7 LEAF FIELD, SLUDGE. MATURITY 0
355 0.87 7.5 289 0.1 M HCI 50.6 8 LEAF FIELD, SLUDGE. MATURITY ii, 0
356 0.87 7.5 313 0.1 M HCI 51.2 15 LEAF FIELD, SLUDGE, MATURITY 0

: 357 1.41 7.5 334 0.1 M HCI 72.1' 11 LEAF FIELD, SLUDGE, MATURITY : 0
358 1.41 7.5 351 0.1 M HCI 80.1 10 LEAF FIELD, SLUDGE, MATURITY 0
359 1.25 7.5 373 0.1 M HCI 76.2 6 LEAF FIELD, SLUDGE, MATURITY 0

360 1.25 7.5 387 0.1 M HCI 69.7 9 LEAF FIELD, SLUDGE, MATURITY '0

361 0.94 7.5 280 0.1 M HCI 40.5 10 LEAF FIELD, SLUDGE, MATURITY 21.5

362 0.94 7.5 350 0.1 M HCI 37.2 13 LEAF, FIELD, SLUDGE, MATURITY NA

363 1.56 7.5 412 0.1 M HCI 103 14 LEAF FIELD, SLUDGE, MATURITY 0

364 1.56 7.5 456 0.1 M HCI 89 13 LEAF FIELD, SLUDGE, MATURITY 0

365 1.04 7.5 528 0.1 M HCI 84.4 12 LEAF . FIELD, SLUDGE, MATURITY 0

366 1.04 7.5 578 0.1 M HCI 106 10 LEAF FIELD, SLUDGE, MATURITY 0

367 1.48 7.5 626 0.1 M HCI 112 14 LEAF FIELD, SLUDGE, MATURITY 0
368 1.48 7.5 668 0.1 M HCI 128 11 LEAF FIELD, SLUDGE, MATURITY 0
369 2.15 7.5 702 0.1 M HCI 148 ' 13 LEAF FIELD, SLUDGE, MATURITY 0

370 2.15 7.5 746 0.1 M.HCI 123 5 LEAF FIELD, SLUDGE MATURITY 0
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TABLE F-2 (cont.)

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

334 GRAIN 0 STOVER
335 GRAIN 0 STOVER
336 GRAIN 0 STOVER
337 GRAIN 0 STOVER

-338 GRAIN 0 STOVER
339 GRAIN 0 STOVER
340 GRAIN 0 STOVER
341 GRAIN 0 STOVER
342 GRAIN 0 STOVER
343 GRAIN 0 STOVER
344 GRAIN 0 STOVER
34,5 GRAIN 0 STOVER
346 GRAIN 0 STOVER
347 GRAIN 0 STO\lER
348" GRAIN 0 STOVER
349 GRAIN 0 STOVER
350 GRAIN 0 STOVER
351 GRAIN NA STOVER
352 GRAIN 0 STOVER
353 GRAIN 0 STOVER
354 GRAIN 0 STOVER
355 GRAIN 0 STOVER
356 GRAIN 0 ~TOVER

357 : GRAIN 0 STOVER :

358 GRAIN 0 STOVER
359 GRAIN 0 STOVER
380 'GRAIN 0 STOVER
381 GRAIN 0 STOVER
382 GRAIN NA STOVER
383 GRAIN 0 STOVER
384 GRAI'N 0 STOVER
385 GRAIN 0 STOVER
3&8 GRAIN 0 STOVER
387 GRAIN 0 STOVER
3M GRAIN 0 STOVER
369 GRA1'N 0 STOVER
370 GRAIN 0 STOVER
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TABLE F-2 (col)t.1

COMMENTS LOCATION

334 FULTON CO., ILLINOIS
335 FULTON CO., ILLINOIS
336 FULTON CO., ILLINOIS
337 FULTON CO., ILLINOIS
338 FULTON CO., ILLINOIS
339 FULTON CO., ILLINOIS
340 FULTON CO., ILLINOIS
341 FULTON CO., ILLINOIS
342 FULTON CO., ILLINOIS
343 FULTON CO., ILLINOIS
344 FULTON CO., ILLINOIS
345 FULTON CO., ILLINOIS
346 FULTON CO., ILLINOIS
347 , FULTON CO., ILLINOIS
348 ,.. FULTON CO., ILLINOIS
349 FULTON CO., ILLINOIS
350 FULTON CO., ILLINOIS
351 FULTON CO., ILLINOIS
352 FULTON CO., ILLINOIS
353 FULTON CO., ILLINOIS
354 FULTON CO., ILLINOIS
355 FULTON CO., ILLINOIS
356 : FULTON CO., ILLINOIS
357 : : FULTON CO., ILLINOIS
358 FULTON CO., ILLINOIS
359 FULTON CO., ILLINOIS
360 FULTON CO., ILUNOIS
361 FULTON CO., ILLINOIS
a62 FULTON CO., ILLINOIS
363 FULTON CO., ILLINOIS
364 FULTON CO., ILLINOIS
365 FULTON CO., ILLINOIS
366 FULTON CO., ILLINOIS
367 FULTON CO., ILLINOiS
368 FULTON CO., ILLINOIS
369 FULTON CO., ILLINOIS
370 FULTON CO.. ILLINOIS
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TABLE F·2 (cont.'

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu
• CITATION NAME CULTIVAR pH % % % malka malka malka

371 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454
372 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 2.65 3505 1471
373 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 2.65 3505 1471
374 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 2.65 3505 1471
375 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
376 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
377 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
378 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
379 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460
380 PIETZ ET AL. 1991 CORN PIONEER 3517 7.5 20 3.1 0.71 71 775 460
381 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460
382 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454

..
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TABLE F-2 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE

Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
%; % maiko mglka maiko malka CONTNT PROCESSING STABILIZATN

,

371 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
372 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
373 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
374 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
375 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
376 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

·377 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
378 4.3 4.5 426 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
379 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON P.OLYMER,FECL3
380 2.2 0.5 1113 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
381 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
382 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY ANAER DIGEST LAGOON POLYMER FECL3
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TABLE F-2 (cont.'

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL SAND SILT CLAY SOIL

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL CONTENT CONTENT CONTENT CEC
Maths Maths APPLICATN NAME NAME TEXTURE % % % cmol/kg

371 33.6 497.2 0 STRIP MINE SPOIL
372 64.3 321.9 0 STRIP MINE SPOIL
373 79.7 401.6 0 STRIP MINE SPOIL
374 69.8 471.4 0 STRIP MINE SPOIL
375 45.5 516.9 0 STRIP MINE SPOIL
376 68.8 585.7 0 STRIP MINE SPOIL
377 71.7 657.4 0 STRIP MINE SPOIL
378 67.2 724.6 0 STRIP MINE SPOIL
379 67.2 791.8 0 STRIP MINE SPOIL
380 67.2 859 0 STRIP MINE SPOIL
381 67.2 . 926.2 0 STRIP MINE SPOIL
382 67.2 993.4 0 STRIP MINE SPOIL
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TABLE F-2 (col'lt.)

SOIL CUMM CU SOIL CU PLANTCU PLANT YIELD

OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION
% pH RATE (kglhal EXTRACTANT malkg maiko SAMPLED EXPERIMENTAL DESIGN %

371 1.9 7.5 774 0.1 M HCI 131 8 LEAF FIELD, SLUDGE, MATURITY 43.7
372 1.22 7.5 560 0.1 M HCI 63.7 11 , LEAF FIELD, SLUDGE, MATURITY 23

70t> ----.373,' 3.(;)2· 7;5 0.1 M ~CI 74.2 18 LEAF FIELD, SLUDGE, MATlJRITY NA
374 3.02 7.5 824 0.1 M HCI 203 19 LEAF FIELD, SLUDGE, MATURITY 0
375 1.58 7.5 912 0.1 M HCI 176 17 LEAF FIELD, SLUDGE, MATURITY 0
376 1.58 7.5 1056 0.1 M HCI 140 15 LEAF FIELD, SLUDGE, MATURITY 0
377 2.38 7.5 1156 0.1 M HCI 204 13 LEAF FIELD, SLUDGE, MATURITY 0
378 2.38 7.5 1252 0.1 M HCI 200 17 LEAF FIELD, SLUDGE, MATURITY 0
379 3.47 7.5 1336 0.1 M HCI 262 12 LEAF FIELD, SLUDGE, MATURITY 0
380 3.47 7.5 1404 0.1 MHCI 240 14 LEAF FIELD, SLUDGE, MATURITY 0
381 2.77 7.5 1492 0.1 M HCI 229 6 LEAF FIELD, SLUDGE, MATURITY 0
382 2.77 7.5 1548 0.1 M HCI 201 7 LEAF FIELD, SLUDGE MATURITY 59.2

•
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TABLE F-2 (cant.1

YIELD YIELD YIELD

COMPONENT REDUCTION COMPONENT METAL
MEASURED % MEASURED PHYTOTOXICITY

371 GRAIN 0 STOVER
372 GRAIN 0 STOVER
373 GRAIN NA STOVER
374 GRAIN 0 STOVER
375 GRAIN 0 STOVER
376 GRAIN 0 STOVER
377 GRAIN 0 STOVER
378 GRAIN 0 STOVER
379 GRAIN 0 STOVER
SSO GRAIN 0 STOVER
381 GRAIN 0 STOVER
382. GRAIN 0 STOVER
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TABLE F-2 (~ont.)

COMMENTS LOCATION

371 FULTON CO., ILLINOIS
372 FULTON CO., ILLINOIS
373 FULTON CO., ILLINOIS
374 FULTON CO., ILLINOIS
375 FULTON CO., ILLINOIS
376 FULTON CO., ILLINOIS
377 FULTON CO., ILLINOIS
378 FULTON CO., ILLINOIS
379 FULTON CO., ILLINOIS
380 FULTON CO., IllINOIS
381 . FULTON CO., ILLINOIS
382 FULTON CO. ILLINOIS
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TABLE F-3. NICKEL DATA

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR pH % % % maiko maiko maiko

1 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
2 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
3 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
4 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
5 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
6 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
7 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
8 GIORDANO&MJ\YS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
9 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
10 GIORDANO&MAYS 1971 CORN SILVER QUEEN 6.1 1.7 40 400 520
11 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.i 1.7 40 400 520
12 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
13 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
14 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 . 1.7 40 400 520
1S GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
16 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
17 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
18 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
19 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520

. 20 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
21 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
22 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
23 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 400 520
24 GIORDANO&MAYS 1977 CO,RN SILVER QUEEN 6.1 1.7 40 400 520
25 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40 '400 520
28 GIORDANO&MAYS 1977 'CORN SILVER QUEEN 6.1 1.7 40 400 520
27 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40. 400 520
28 GIORDANO&MAYS 1977 CO'RN SiLVER QUEEN 6.1 1.7 40 400 520
29 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
30 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
31 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
32 GIORDANO&MAYS 1977 BEAN'S WHITE HALF RUNNER 6.1 1.7 40 400 520
33 GI'OflDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
34 GIORDANO&MAYS 1977 B,EANS WHITE HALF RUNNER 6.1 t.7 40 400 520
35 GIOftDANO&MAys 1971 BEANS WHITE HALF RUN:N'ER 6.1 1.7 40 . 400 520
315 mORDAN'O,&MAYS 1977 BEANS WHiITE HALF RUNNER 6.1 1.7 40 -iOO 520
37 GIORDANO&MAYS 1971 BEANS WHITE HALF RUNNIER 6.1 1.7 40 400 520
3S GIIORDAN'O&MAYS 1971 BiEANS WHITE HALF RUNNIER 6.1 1.7 40 400 520
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TABLE F·3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko maiko maiko maiko CONTNT PROCESSING STABILIZATN

:

1 1.5 2.1 40 1.3 1600 1800
2 1.5 2.1 40 1.3 1600 1800
3 1.5 2.1 40 1.3 1600 1800
4 1.5 2.1 40 1.3 1600 1800
5 1.5 2.1 40 1.3 1600 1800
6 1.5 2.1 40 1.3 1600 1800
7 1.5 2.1 40 1.3 1600 1800
8 1:5 2.1 40 1.3 1600 1800
9 1.5 2.1 40 1.3 1600 1800

~ 1.5 2.1 40 1.3 1600 1800
11 1.5 2.1 40 1.3 1600 1800
12 1.5 2.1 40 1.3 ·1600 1800
13 1.5 2.1 40 1.3 1600 1800
14 1.5 2.1 40 1.3 1600 1800 :

15 1.5 2.1 40 1.3 1600 1800
16 1.5 2.1 40 1.3 1600 1800 ,

17 1.5 2.1 40 1.3 1600 1800
18 1.5 2.1 40 1.3 1600 1800
19 1.5 2.1 40 1.3 1600 1800

..

20 1.5 2.1 40 1.3 1600 1800
21 1.5 2.1 40 1.3 1600 1800
22 1.5 2.1 40 1.3 1600 1800 .'

23 1.5 2.1 40 1.3 1600 1800 , , ,

24 1.5 2.1 40 1.3 1600 . 1800
,

25 1.5 2.1 40 1.3 1600 1800
26 1.5 2.1 40 1.3 1600 1800
27 1.5 2.1 40 1.3 1600 1800
28 1.5 2.1 40 1.3 1600 1800'
29 1.5 2.1 40 1.3 1600 1800
30 1.5 2.1 40 1.3 1600 1800
31 1.5 2.1 40 1.3 1600 1800
32 1.5 2.1 40 1.3 1600 1800
33 1.5 2.1 40 1.3 1600 1800
34 1.5 2.1 . 40 1.3 1600 1800
35 1.5 2.1 40 1.3 1600 1800
36 1.5 2.1 40 1.3 1600 1800
37 1.5 2.1 40 1.3 1600 1800 '.

38 1.5 2.1 40 1.3 1600 1800
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TABLE F-3 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
I.OADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Mathe Mathe APPLICATN NAME NAME TEXTURE

1 0 0 SANGO SiL
2 50 50 0 SANGO SiL
3 100 100 0 SANGO SiL
4 200 200 0 SANGO SiL
5 0 0 SANGO SiL
6 0 . 0 SANGO SiL
7 50 50 1 SANGO SiL
8 100 100 1 SANGO SiL
9 200 200 1 SANGO SiL
10 50 100 0 SANGO SiL
11 100 200 0 SANGO SIL
12 200 400 0 SANGO SIL
13 0 0 SANGO SiL
14 0 0 oGANGO SiL
15 50 50 2 SANGO SiL
16 100 100 2 SANGO SiL
17 200 200 2 SANGO SiL
18 50 150 0 SANGO SiL
19 100 300 0 SANGO SIL
20 200 600 0 SANGO SIL
21 0 0 SANGO SiL
22 0 0 SANGO SIL
23 50 50 3 SANGO SiL
2,4 100 100 3 SANGO SiL
25 200 200 3 SANGO SIL
28 50 200 0 SAN'GO SIL
27 100 400 0 SANGO SIL
28 200 800 a SANGO SiL
29 0 0 SANG0 SiL
30 50 50 0 SAN'GO SIL
31 100 100 0 SANGO SI,L
32 200 200 0 SANGO Si,L
33 0 0 SAN'GO SiL
34 a a SANGa S·it
35 50 50 1 SANGO SIL
30 100 100 1 SANGO Sl'l
37 200 200 1 SANGO Sfl
a& 50 100 0 SANGO SIL
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TABLE F-3 (cori~.)

.SOIL· SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN
CEC. OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % DH RATE (kothe) EXTRACTANT maiko maiko SAMPLED

1 4.9 0 0.5 M HCI 1.1 4.4 FORAGE FIELD, SLUDGE, MATURITY
2 5.3 , 2 0.5MI·L 1.8 2•. . FORAGE FIELD, SLL'DGE, MATURITY

~---='!J.: " o'
, 5.3· 4 0.5M.-,CI 1.4 4.5 FORAGE FIELD, ~3LUDGE, MATURITY

4 5.6 8 0.5 M HCI 2.1 3.1 FORAGE FIELD. SLUDGE, MATURITY
5 4.9 a 0.5 M HCI 0.8 1.5 FORAGE FIELD, SLUDGE, MATURITY
6 4.9 a 0.5 M HCI 0.7 1.4 FORAGE FIELD, SLUDGE, MATURITY
7 5.3 2 0.5 M HCI 1 2.3 FORAGE FIELD, SLUDGE, MATURITY
8 5.3 4 0.5 MHCI 1.5 1.7 FORAGE FIELD, SLUDGE, MATURITY
9 5.6 8 0.5 M HCI 1.8 2.2 FORAGE FIELD, SLUDGE, MATURITY
10 5.6 4 0.5 M HCI 1.9 2 FORAGE FIELD, SLUDGE, MATURITY
11 5.6 8 0.5 MHCI 1.9 1.7 FORAGE FIELD, SLUDGE, MATURITY
12 5.6 16 0.5 M HCI 4.5 1.6 FORAGE FIELD, SLUDGE, MATURITY
13 6.5 a 0.5 M HCI 1.2 1.1 FORAGE FIELD, SLUDGE, MATURITY
14 6.5 a 0.5 MHCI 1.3 1.4 FORAGE FIELD, SLUDGE, MATURITY
15 5.2 2 0.5 M HCI 1.7 .1.3 FORAGE FIELD, SLUDGE; MATURITY
16 5.6 4 0.5 M HCI 1.9 1.2 FORAGE FIELD, SLUDGE, MATURITY
17 5.9 8 0.5 M HCI 2.3 1.2 FORAGE FIELD, SLUDGE, MATURITY
18 6 6 0.5 M HCI 2.3 1.2 FORAGE FIELD, SLUDGE, MATURITY
19 5.9 12 0.5 M HCI 3 1.6 FORAGE FIELD, SLUDGE, MATURITY
20 6.3 24 0.5 MHCI 6.3 1.2 FORAGE . FIELD, SLUDGE, MATURITY
21 6.3 a DTPA 0.1 0.8 FORAGE FIELD, SLUDGE, MATURITY
22 5.8 a DTPA 0.1 0.8 FORAGE FIELD, SLUDGE, MATURITY
23 5.5 ·2 DTPA 0.3 0.9 FORAGE FIELD,.SLUDGE, MATURITY
24 5.7 : 4 DTPA 0.4 1 : FORAGE FIELD, SLUDGE, MATURITY
25 6.1 8 DTPA 0.5 1.2 FORAGE FIELD, SLUDGE, MATURITY
26 5 8 DTPA 0.6 0.8 FORAGE FIELD, SLUDGE, MATURITY
27 5.3 16 DTPA 0.7 0.9 FORAGE FIELD, SLUDGE, MATURITY
28 5.7 32 DTPA 1.5 1.2 FORAGE FIELD, SLUDGE, MATURITY
29 4.9 0 0.5 M HCI 1.1 5 VINES FIELD, SLUDGE, MATURITY
30 5.3 2 0.5 M HCI 1.8 6.7 VINES FIELD, SLUDGE, MATURITY
31 5.3 4 0.5 MHCI 1.4 5.5 VINES FIELD, SLUDGE, MATURITY
32 5.6 8 0.5 M HCI 2.1 5.8 VINES FIELD, SLUDGE, MATURITY
33 4.9 0 0.5 MHCI 0.8 2.9 VINES FIELD, SLUDGE, MATURITY
34 4.9 0 0.5 M HCI 0.7 2 VINES FIELD, SLUDGE, MATURITY
35 5.3 2 0.5 MHCI 1 &.7 VINES FIELD, SLUDGE, MATURITY
36 5.3 4 0.5 MHCI 1.5 6.4 VINES FIELD, SLUDGE, MATURITY
37 5.6 8 0.5 M HCI 1.8 5.3 . VINES FIELD, SLUDGE, MATURITY
38 5.6 4 0.5 M HCI 1.9 4.5 VINES FIELD SLUDGE MATURITY
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TABLE F-3 (cont.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

1 0 STOVER NO
2 0 STOVER NO
3 0 STOVER NO
4 0 STOVER NO
5 0 STOVER NO
6 0 STOVER NO
7 0 STOVER NO
8 0 STOVER NO
9 0 STOVER NO
10 0 STOVER NO
11 0 STOVER NO
12 0 STOVER NO
13 0 STOVER NO
14 0 STOVER • NO
15 0 STOVER . NO
16 0 STOVER NO
17 0 STOVER NO
18 0 STOVER I NO
19 0 STOVER NO
20 0 STOVER NO
21 0 STOVER NO
22 0 STOVER NO
23 11.3' STOVER 'NO
24 0 STOVER : NO
25 0 STOVER NO
26 14.2' STOVER 'NO
27 17.6' STOVER 'NO
2B 0 STOVER . o NO
29 0 VINES 0 PODS NO
30 0 VlNIES 17.7' PODS 'NO
31 a Vl:NIES 35.3' PODS 'NO .
32 0 Vl'NES 55' POIDS 'NO
33 0 VINES 0 PODS H'O
34 0 V1INIES 0 PO'DS NO
35 a VlNIES 2:5.4' PODS 'NO
315 0 VlNlES 0 PODS NO
37 0 VINES 28.5' P'ODS 'NO
38 0 V1NIES a PO'DS NO
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TABLE F-3 (cont.)

LOCATION
COMMENTS OF

STUDY'

1 MUSCLE SCHOALES, AL
. 2 MUSCLE SCHOALES, AL

3 MUSCLE SCHOALES, AL
4 MUSCLE SCHOALES, AL
5 MUSCLE SCHOALES, AL
6 MUSCLE SCHOALES, AL
7 MUSCLE SCHOALES, AL
8 MUSCLE SCHOALES, AL
9 MUSCLE SCHOALES, AL
10 MUSCLE SCHOALES, AL
11 MUSCLE SCHOALES, AL
12 MUSCLE SCHOALES, AL
13 MUSCLE SCHOALES" AL
14 MUSCLE SCHOALES, AL
15

,
MUSCLE SCHOALES, AL

16 MUSCLE SCHOALES, AL
17 MUSCLE SCHOALES, AL,
18 MUSCLE SCHOALES, AL
19 MUSCLE SCHOALES, AL
20 MUSCLE SCHOALES, AL
21 MUSCLE SCHOALES, AL
22 MUSCLE SCHOALES, AL

,.' 23 - DOSE RESPONSE &. TISSUE NI NOT CONSISTENT MUSCLE SCHOALES, AL
24 : MUSCLE SCHOALES, AL
25 MUSCLE SCHOALES, AL
28 -TISSUE NIINCONSISTENT, ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH<5.5 MUSCLE SCHOALES, AL
27 -TISSUE NIINCONSISTENT, ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH<5.5 MUSCLE SCHOALES, AL
2& MUSCLE SCHOALES, AL
29 MUSCLE SCHOALES, AL
30 -TISSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL
31 -TiSSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL
32 -TISSUE NI CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA MUSCLE SCHOALES, AL
33 MUSCLE SeHOALES, AL
34 MUSCLE SCHOALES, AL
35 -DOSE RESPONSE &. TISSUE NI CONCENTRATION INCONSISTANT MUSCLE scHOALES, AL
38 MUSCLE SCHOALES, AL
37 -DOSE RESPONSE &. TISSUE NI CONCENTRATION INCONSISTANT MUSCLE SCHOALES, AL
38 MUSCLE SCHOAlES, AL
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TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI C8 Cd Cr Cu

CITATION NAME CULTIVAR pH % % % malka maiko maiko

39 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
40 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
41 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
42 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
43 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
44 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
45 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
46 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
47 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
48 GIORDANO&.MAYS 1977 B!:ANS WHITE HALF RUNNER 6.1 1.7 40 400 520
49 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
50 GIORDANO&.MAYS 1977 BEANS WHITE I;lALF RUNNER 6.1 1.7 40 400 520
51 -If"; GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
52 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 • 1.7 40 400 520
53 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
54 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
55 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
56 GIORDANO&.MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40 400 520
57 GIORDANO &. MAYS 1977 BEANS
58 GIORDANO &. MAYS 1977 BEANS 6.6 2.5 50 350 730
59 . GIORDANO &. MAYS 1977 BEANS 6.1 1.7 40 400 520
60 GIORDANO" MAYS 1977 OKRA
61 GIORDANO" MAYS 1977 OKRA 8.6 2.5 50 350 730
62 GIORDANO" MAYS 1977 OKRA : 8.1 1.7 40 400 : 520
63 GIORDANO" MAYS 1977 PEPPERS
84 GIORDANO. MAYS 1977 PEPPERS 8.8 2.5 50 350 730
85 GIORDANO II MAYS 1977 PEPPERS 8.1 1.7 40 . 400 520
88 GI'ORDANO .. MAYS 1977 TOMATO
87 GIORDANO 1& MAYS 1977 TOMATO 6.6 2.5 50 350 730
88 GIOIRDANO. MAYS 1977 TOMATO 8.1 1.7 40 400 520
89 GIO'RDANO. MAYS 1977 SQUASH
70 GIO'RDANO && MAYS 1977 SQUA.SH 6.6 2.5 50 350 730
71 GIORDANO II MAYS 1977 SQUASH 6.1 1.7 40 400 52:0
72 G,IORDANO" MAYS 1977 TURN'J'P
73 mOIRDANO It MAYS 1977 TURNIII? 8.6 2.5 50 . 350 730
74 GI·ORDAN·O && MAYS 1977 TURNSI' 8.1 1.7 40 400 52:0
75 GIORDAN'O" MAYS 1977 KALE .
7e Gl-OADANO &I MAYS 1977 KALE 6.6 2.5 50 350 730
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TABLE F·3 (cdnt.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko malka maiko malka CONTNT PROCESSING STABILIZATN

39 1.5 2.1 40 1.3 1600 1800
40 1.5 2.1 40 1.3 1600 1800
41 1.5 2.1 40 1.3 1600 1800
42 1.5 2.1 40 1.3 1600 1800
43 1.5 2.1 40 1.3 1600 1800
44 1.5 2.1 40 1.3 1600 1800
45 1.5 2.1 40 1.3 1600 1800
46 1.5 2.1 40 1.3 1600 1800
47 1.5 2.1 40 1.3 1600 1800
48 1.5 2.1 40 1.3 1600 1800
49 1.5 2.1 40 1.3 1600 1800
50 1.5 2.1 40 1.3 ·1600 1800
51 1.5 2.1 40 1.3 1600 1800
52 1.5 2.1 40 1.3 1600 1800 ,

53 1.5 2.1 40 1.3 1600 1800
54 1.5 2.1 40 1.3 1600 1800 . :.
55 1.5 2.1 40 1.3 1600 1800
56 1.5 2.1 40 1.3 1600 1800
57
58 1.7 2.3 20 1.6 530 1800
59 1.5 2.1 40 1.3 1600 1800
60 ;

61 1.7 2.3 20 1.6 530 1800
62 : 1.5 2.1 40 1.3 1600 1800 :

63
64 1.7 2.3 20 1.6 530 1800
65 1.5 2.1 40 1.3 1600 1800
66
67 1.7 2.3 20 1.6 530 1800
68 1.5 2.1 40 1.3 1600 1800
69
70 1.7 2.3 20 1.6 530 1800
71 1.5 2.1 40 1.3 1600 1800
72
73 1.7 2.3 20 1.6 530 1800
74 1.5 2.1 40 1.3 1600 1800
75
76 1.7 2.3 20 1.6 530 1800
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TABLE F-3 (cont.)

ANNlSlUDGE CUMMl SLUDGE YEARS SOil SOil CONTENT CONTENT CONTENT
1.0ADNG RATE lOADNG RATE SINCE lAST TAXONOMIC SERIES SOIL % % %

Mofhll Mofhll APPLICATN NAME NAME TEXTURE

39 100 200 0 SANGO Sil
40 200 400 0 SANGO Sil
41 0 0 SANGO Sil
42 0 0 SANGO Sil
43 50 50. 2 SANGO Sil
44 100 100 2 SANGO Sil
45 200 200 2 SANGO Sil
46 50 150 0 SANGO Sil
47 100 300 0 SANGO SiL
48 200 600 0 SANGO SiL
49 0 0 SANGO Sil
50 0 0 SANGO Sil
51 50 50 3 SANGO SiL
52 100 100 3 SANGO Sil
53 200 200 3 SANGO Sil
54 50 200 0 SANGO SiL
55 100 400 0 SANGO SIL
56 200 800 0 SANGO SiL
57 0 0 SANGO SIL
58 112 112 0 SANGO SIL
59 112 112 0 SANGO SIL
60 0 0 SANGO SIL
61 112 112 0 SANGO SIL
82 : 112 112 0 : SANGO SIL :

83 O· 0 SANGO SiL
64 112 112 0 SANGO SiL
85 112 112 0 SANGO SIL
88 0 0 SANGO SIL
87 112 112 0 SANGO SIL
88 112 112 0 SANGO SiL
69 0 0 SANIGO SliL
70 112 112 0 SANGO SIL
71 112 112 0 SAN'GO SiL
72 0 0 SANGO SIL
73 112 112 0 SANG0 SIt.
74- 112 112 0 SANIGO mL
75 0 0 SANGO Sil
76 112 112 0 SANGO SIL
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TABLE F·3 (collt.)

SOIL; SOIL CUMM Nl SOIL Ni PLANT Ni PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TiSSUE SUMMARY

cmollka % pH RATE (ka/ha) EXTRACTANT malka malka SAMPLED

39 5.6 8 0.5 M HCI 1.9 4.8 VINES FIELD, SLUDGE, MATURITY
40 5.6 , 16 0.5M~·~L 4.5 7. ' VINES FIELD, SLlIDGE, MATURITY

~1 ; 6.5' a 0.5 M ,ei 1.2 2.9 VINES FIELD. SLUDGE. MATURITY
42

,,·1 ' 6.5 a 0.5 M HCI 1.3 2.5 VINES FIELD, SLUDGE. MATURITY
43 5.2 2 0.5 M HCI 1.7 5.3 VINES FIELD. SLUDGE. MATURITY
44 5.6 4 0.5 M HCI 1.9 4.7 VINES FIELD. SLUDGE. MATURITY
45 5.9 8 0.5 M HCI 2.3 5 VINES FIELD. SLUDGE. MATURITY
46 6 6 0.5 MHCI 2.3 5.5 VINES FIELD. SLUDGE, MATURITY
47 5.9 12 0.5 M HCI 3 5.9 VINES FIELD. SLUDGE. MATURITY
48 6.3 24 0.5 M HCI 6.3 5.7 VINES FIELD. SLUDGE, MATURITY
49 6.3 a DTPA 0.1 2.2 VINES FIELD. SLUDGE, MATURITY
50 5.8 a DTPA 0.1 2.2 VINES FIELD. SLUDGE. MATURITY
51 5.5 2 DTPA 0.3 4.5 VINES FIELD. SLUDGE. MATURITY
52 5.7 4 DTPA 0.4 4.9 VINES FIELD. SLUDGE; MATURITY
53 6.1 8 DTPA 0.5 3.7 VINES FIELD. SLUDGE. MATURITY
54 5 8 DTPA 0.6 4.4 VINES FIELD. SLUDGE. MATURITY
55 5.3 16 DTPA 0.7 4.6 VINES FIELD. SLUDGE. MATURITY
56 5.7 32 DTPA 1.5 5.5 VINES FIELD. SLUDGE. MATURITY
57 r6.4 0 0.5 MHCL 1 2.6 LEAF FIELD. SLUDGE. MATURITY
58 6.4 2.2 0.5 MHCL 2.7 3.5 LEAF FIELD. SLUDGE. MATURITY
59 6.4 4.4 0.5 M HCL 1.8 2.4 LEAF FIELD. SLUDGE. MATURITY
60 6.4 a 0.5 M HCL 1 1.9 LEAF FIELD. SLUDGE, MATURITY
61 6.4 ,2.2 0.5MHCL 2.7 2.8 LEAF FIELD, SLUDGE, MATURITY
62 6.4 : 4.4 0.5 MHCL 1.8 1.8 : LEAF FIELD, SLUDGE, MATURITY
63 6.4 0 0.5 MHCL 1 1.7 LEAF FIELD, SLUDGE, MATURITY
64 6.4 2.2 0.5 MHCL 2.7 2.7 LEAF RELD, SLUDGE, MATURITY
65 6.4 4.4 0.5 MHCL 1.8 2.1 LEAF FIELD, SLUDGE, MATURITY
66 6.4 a 0.5 MHCL 1 1.5 LEAF FIELD, SLUDGE, MATURITY
67 8.4 2.2 0.5 M HCL 2.7 2.3 LEAF FIELD, SLUDGE. MATURITY
68 6.4 4.4 0.5MHCL 1.8 1.6 LEAF FIELD, SLUDGE, MATURITY
69 6.4 a 0.5 M HCL 1 1.7 LEAF FIELD, SLUDGE. MATURITY
70 6.4 2.2 0.5 M HCL 2.7 4 LEAF FIELD, SLUDGE, MATURITY

71 6.4 4.4 0.5 MHCL 1.8 2.2 LEAF FIELD, SLUDGE, MATURITY
72 6.4 a 0.5 M HCL 1 2.9 LEAF FIELD, SLUDGE, MATURITY

73 6.4 2.2 0.5 MHCL 2.7 4 LEAF FIELD, SLUDGE, MATURITY

74 6.4 4.4 0.5 M HCL 1.8 2.9 LEAF FIELD, SLUDGE, MATURITY

75 6.4 a 0.5 MHCL 1 1.8 LEAF FIELD, SLUDGE. MATURITY

76 6.4 2.2 0.5 M HCL 2.7 3.5 LEAF FIELD. SLUDGE MATURITY
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

39 0 VINES 0 PODS NO
40 0 VINES 60.4* PODS -NO
41 0 VINES 0 PODS NO
42 0 VINES 0 PODS NO
43 30.S* VINES 37.5- PODS -NO
44 0 VINES 0 PODS NO
45 0 VINES 0 PODS NO
46 0 VINES 0 PODS NO
47 0 VINES 0 PODS NO
4S 0 VINES 0 PODS NO
49 0 VINES 0 PODS NO
50 0 VINES 0 PODS NO
51 ' 26.2- VINES 0 PODS -NO
52 14.5* VINES 0 PODS -NO
53 0 VINES 0

.. PODS NO
54 '27* VINES 0 PODS -NO
55 36* VINES 36.S* PODS -NO
56 32.S* VINES 42.8* PODS *NO
57 0 EDIBLE PART NO
SS 0 EDIBLE PART NO
59 14.3* EDIBLE PART -NO
60 0 EDIBLE PART NO
81 8.3- EDIBLE PART -NO
82 S.3- EDIBLE PART : -NO
83 0 EDIBLE PART NO
84 0 EDIBLE PART NO
85 13* EDIBLE PART -NO
88 0 EDIBLE PART NO
87 0 EDIBLE PART NO
8S 0 EDI'BLE PART NO
89 0 EDIBLE PART NO
70 0 EOIIIBLE PART NO
71 0 EOJ,BLE PART N'O
72- 0 emBlEPART NO
73 0 EOU3lEPART N'O
74 0 EDlllBlE PART NO
75 0 EOliBlE PART N·O
78 0 ED'ISlE PART N'O
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TABLE F-4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

381 NO
382 NO
383 NO
384 NO
385 NO
388 NO
387 NO ..
388 NO
389 NO
390 NO
391 NO
392 NO
393 NO
394 NO
395 NO
398 NO .
397 NO
398 NO
399 NO \
400 NO
401 NO
402 NO
403 NO
404 : NO :

405 NO
408 NO
407 NO
408 NO
409 NO
410 NO
411 NO
412 NO
413 NO
414 NO
415 NO
418 NO ,

.417 NO
418 NO
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TABLE F-4 (cant.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN % MEASURED

381 212 Loaf SLUDGE, FIELD, MATURITY 0 Grain
382 88 14.5 SLUDGE, FIELD, MATURITY NOT REPORTED
383 68 18 SLUDGE, FIELD, MATURITV NOT REPORTED
384 68 18.5 SLUDGE, FIELD, MATURITY NOT REPORTED
385 88 16 SLUDGE, FIELD, MATURITY NOT REPORTED
386 68 28.3 SLUDGE, FIELD, MATURITY NOT REPORTED
381 68 14.6 SLUDGE, FIELD, MATURITY NOT REPORTED
388 68 22.4 SLUDGE, FIELD, MATURITY NOT REPORTED
389 68 11.5 SLUDGE, FIELD, MATURITY NOT REPORTED
39,0 88 11.2 SLUDGE, FIELD, MATURITY NOT REPORTED
391 68 20 SLUDGE, FIELD, MATUR!TY NOT REPORTED
392 68 19.8 SLUDGE, FIELD, MATURITY NOT REPORTED
393 68 11.4 SLUDGE, FIELD, MATURITY NOT REPORTED
394 68 18.8 SLUDGE, FIELD, MATURITY NOT REPORTED
395 88 17.1 SLUDGE, FIELD, MATURITY NOT REPORTED
398 88 18.7" SLUDGE, FIELD, MATURITY NOT REPORTED
397 88 18.8 SLUDGE, FIELD, MATURITY NOT REPORTED
398 88 15.2 SLUDGE, FIELD, MATURITY NOT REPORTED
399 88 12.9 SLUDGE, FIELD, MATURITY NOT REPORTED
400 8a 18 SLUDGE, FIELD, MATURITY NOT REPORTED
401 88 15.4 SLUDGE, FIELD, MATURITY NOT REPORTED
402 11111 7111.2 SLUDGE, FIELD, MATURITY NOT REPORTED
403 188 1114.4 SLUDGE, FIELD, MATU'RITY NOT REPORTED
404 188 : 83.8 SLUDGE, FIELD, MATURITY NOT REPORTED
405 1111111 43.2 SLUDGE, FIELD, MATURITY NOT REPORTED
408 1111111 84.7 SLUDGE, FIELD, MATURITY NOT REPORTED
407 188 60.2 SLUDGE, FIELD, MATURITY NOT REPOiRTED
401 18111 54.5 SLUDGE, FIELD, MATURITY NOT REPORTED
409 188 5a.2 SLUDGE, FIELD, MATURITY NOT REPORTED
410 188 51.5 SLUDGE, FIELD, MATU'RITY NOT REPORTED

-ill. las 40.3 SLUDGE FIELD, MATUIRITY NOT REPO'RTED
412 18a 4a•• SLUDGE, FlIELD, MATUIRITV NOT REPO'RTED
413 188 41.4 SLUDGE, FIELD, MATUR:lTV N'OT REPO'RTED
414 118 37.2 SLUDG,E, FlIELD MATURITY NOT REPORTED
415 laa 32.5 SLUDGE, FlIELD, MATU'RtTY NOT REPORTED
418 U8 35.4 SLUDGE, FlIELD, MATURITY NOT REPORTED
417 1118 40.' SLUDGE FlIELD MATUIRITV NOT REPORTED
4111 lIS 35.8 SLUDGE, FlIELD MATU'RITY NOT REPOIRTED
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TABLE F·4 (cont.)

SAND SILT CLAY SOIL SOIL eUMM Zn
CONTENT CONTENT CONTENT CEe OC SOIL LOADING

'" '" '" cmolJko '" pH RATE (ka/ha)

381 1201
382
383
384
385
386
387
388
389
390
391
392
393
394
395
398 ...
397

,
.•

398
399
400
401
402
403
404 : :

40&
408
407
408
409
410
411
412
413
414
41&
418
417
418

F·278



TABLE F-4 (cont.1

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABlUZATN Malha Ma1ha APPLICATN NAME NAME TEXTURE

381 63 163 0 Aerie Ochraaua,lf Blount silt 10lUll
382 0 7 Aarie OchraQUalf Blount silt Ioem
383 0 7 Aerie Ochraau/llf . Blount ,i1t loem
384 0 7 Aerie OchraQualf Blount lilt 101m
386 0 7 Aerie OchraQualf Blount lilt 101m
386 0 7 Aerie Ochraqualf Blount silt loam
387 0 7 Aarie Oehraauelf Blount liltlolUll
388 0 7 Aerie OchraQualf Blount ,i1tloam
389 0 7 Aerie Ochraquelf Blount lilt 10lUll
390 0 7 Aarie OchraQulllf Blount ,iltloam
391 0

-
7 Aerie Ochrequalf Blount ,ilt 101HTl

392 0 7 Aarie Ochraaualf Blount ,ilt 10lUll
393 0 7 Aa,rie Ochraqull,lf Blount ,i,ltloam
394 0 7 Aerie OchraQua,lf Blount ,ilt loem
396 0 7 A,rie Ochraquelf Blount ,i1t loam
396 0 .. 7 A,rie Ochraaua,lf Blount ,i1t 10lUll
397 0 7 A,rie OchrllQualf Blount ,lit loern
398 0 7 Aerie OchrllQualf Blount ,lit loem
399 0 7 A,rle Ochr.cwalf Blount ,ilt loem
400 0 7 A,de OchrllQualf Blount ,Utlorm
401 0 7 A,rlo Ochr.cwalf Blount ,ilt IOIlln

402 17.75 7 A,rio OchrllQualf Blount ,ilt IOIlln

403 17.75 7 A,rie OchrllQualf al,ount .1,lt lo.m
404 17.75 7 A.rlo Ochreoulllf Blount ,i1t IOIlln

405 17.75 7 A,rI,o OohrllQualf Blount ,I,lt 10IIIn
406 17.75 7 A,do Ochr8Qulllf Blount ,I,lt Ioem
407 17.75 7 A,rie OchrllQualf Blount silt loem
40'S 17.75 7 A.do Ochfaqualf Blount lilt 10llln
401 17.75 7 A,do Ochfaaullf B1'ou,nt .1I't IOIlln

410 17.75 7 A.rio OohfllQUaI'f Blount Ill't I,oam
411 17.75 7 A,de OchrllQUaI, B1ou,n,t Ill't lo-m
412 17.75 7 A.de Oc,hfllQUaI" B1ou'o,t ,Ilt 1080'1
413 17.75 7 A,do OohrllQU,a1:' B1'ou'nl dt't 10,80'1 .
414 17.76 7 A,de Oohreouljlf B1'ount "'tloem
416 17.16 7 A.do OohrllQUalr' Blount dlt 10,80'1
411 17.75 7 A,rio Ocht8QUal" Blount lilt loem
417 17.7'5 7 A,rlo Ool:waQua!I' e.·oun't llI:t 10.,.,
41. 17.75 7 A,rio OchrllQUaI, BC'oun,t "tloam
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TABLE F-4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % maiko maiko maiko malka CONTNT PROCESSING

381 Liquid digested sludae
382 Control
383 Control
384 Control
385 Control
386 Control
387 Control
388 Control
389 ". Control
390 Control
391 Control
392 Control
393 C!introl
394 Control

395 Control

396 .. Control

397 i Control

398 Control

399 Control

400 Control

401 Control

402 Ono-Querter meximum

403 Ono-aulIrter mlIximum

404 : : OnD-QUlIrter mlIximum :

405 One-QulIrter mlIximum

406 Ono-aulIrter rneximum

407 One-querter mlIxlmum

408 Ono-qullrter meximum

409 One-Qullrter mlIximum

410 One-QulIrter mlIximum

411 One-QulIrler mlIximum

412 One-Quarter mlIximum

413 One-QulIrter mlIximum

414 One-Quarter maximum

415 One-Quarter mlIximum

416 Ona-Quarter mllximum

417 One-Quarter maximum

418 One-Quarter maximum
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TABLE F·4 (cont.)

SLUDGE SLUDGE SLUDGE SLUD'GE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR nH % % % malka

381 HinealV, T.O. et ...,1977. '94 Corn
382 Hlnealv, T.O. et ..., 1978. '95 Corn Oh43
383 Hinealv, T.O. et " •• 1978. '95 Corn R806
384 Hinealv, T.O. et ".,1978. '95 Corn H98
385 Hine.lv, T.O. et ".,1978. 195 Corn A619
386 Hineslv, T.O. et ...,1978. 195 Corn Mo17
387 Hin..lv. T.O. et .... 1978. '95 Corn Oh545
388 Hinealv, T.O. et .... 1978. '95 Corn 837
389 Hinealv. T.O. et ".,1978. '95 Corn R805
390 Hine.lv. T.O. et " •• 1978.. '95 Corn Ve26
391 Hine.lv. T.O. et " •• 1978. '95 Corn Hl00
392 Hlne.lv. T.O. et .... 1978. '95 . Corn B73
393 Hinl.lv. T.O. It ..., 1978. '95 Corn 814
394 Hlneslv. T.O. et .... 1978. 195 Corn A632
395 Hlneslv. T.O. et .... 1978. 195 Corn N28
398 Hlne.lv. T.O. et .... 1978. 195 .. Corn W84A
397 Hineslv. T.O. et " •• 1978. '95 Corn R802A
398 Hlne.lv. T.O. et " •• 1978. 195 Corn H99
399 Hlnealv. T.O. It .... 1978. 195 Corn H98
400 Hlnealv. T.O. et .... 1978. '95 Corn Rl77
401 Hln..lv. T.O. et .... 1978. '95 Corn B77
402 Hlneslv. T.O.!It " •• 1'78. 195 Co,rn Oh43
403 Hlnetlv. T.O. et ..., lS178. 195 Com RSC>e

: 404 Hlneslv. T.O. et ..., 1978. 195 Cem H9S ,
405 Hlnellv, T.O. et .... 1978. 195 Co,rn A819
406 Hl,ne.'!v. T.O. et .... 1.78. '95 Com Mo17
407 Hlnealv. T.O. et .... 1.78. 195 Com Oh545
408 Hlne,llv. T.O. et .... 1178. 'S5 Com 837
409 Hl'nellv. T.O. et .... 1.78. 195 Corn R805
410 H1ne'llv, T.O. e,t ..., 1.71. 195 Co,m V.28
411 Hl,ne,lIv. T.O. e,t .... 1.71. 115 Com Hl00
412 H1nellv. T.O. e,t .... 1.71. 116 Com B73
413 H1,ne,.v. T.O. e,t .... 1.78. 11'5 Com B14
414 H1'netJIv, T.O. e,t .... 1.7•• ,t5 Com A632
415 Hl'netilv, T.O. et .... 1.7•• itS Cor., N28
416 HIMdv.T.O. e't .... 1171. 115 Com W64A
"17 ~lMItJ1V,T.O. e,t".. 117., 115 Com RliIOZA
"11 Hln......... T.O. e,t". 1171. 115 Co,rn Hit
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TABLE F·4 (cont.1

LOCATION
OF

STUDY

343 India
344 Canada
345 Canada
346 Canada
347 Canada
348 Canada
349 Canada
350 Canada
351 Beltsville, MD
352 Beltsville, MD
353 Beltsville, MD
354 Balt.vllle, MD
355 Baltsville, MD
356 Baltsville, MD
357 Belt.vills, MD

~ 358 Baltsville, MD
359 Beltsville, MD
380 Beltsville MD
381 Beltsville, MD
382 BaltevlUe, MD
363 Baltsville, MD
384 Baltsville, MD
365 Baltsville, MD
366 Bfiltevilla, MD
387 Beltsville, MD
388 Beltsville, MD
369 Balteville, MD
370
371
372
373
374
375
376
377
378
379 Joliet, III.
380 Joliet III.
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TABLE F-4 (cant.1

VIELD VIELD
REDUCTION COMPONENT METAL

'" MEASURED PHYTOTOXICITY COMMENTS

343 0 GRAIN NO
344 NO
345 NO
346 NO
347 NO
348 NO
349 NO
350 NO
351 NO
352 NO .
353 NO
354 NO
355 NO
358 NO
357 NO
358 NO

,
359 NO
380 NO
381 NO
382 NO
383 NO
384 NO
385 NO
388 : NO :

387 NO
388 NO
389 NO
370 NO
371 NO
372 N'O
373 N'O
374 N'O
376 NO
37S N'O
377 NO
378 N'O
378 NO
3ltO HIO
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TABLE F-4 (cont.1

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka maiko SAMPLED EXPERIMENTAL DESIGN % MEASURED

343 HCL04/HN03 81.8' 88.14 Earhead SLUDGE, FIELD, MATURITY 0 Whole Plant
344 42.8 30 Stem 0 GRAIN
345 81.4 43 Stem 0 GRAIN
346 25.2 15 Stem 0 GRAIN
347 28.4 Leaf 0 Leaf
348 42.6 Leaf 0 Leaf
349 51.9 Leaf 0 Leaf
350 78.7 Leaf 0 Leaf
351 46 Shoots SLUDGE, FIELD, MATURITY 0 Shoots
352 40 Shoots SLUDGE, FIELD, MATURITY 0 Shoots
353 35 Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
354 45 Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
355 44 Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
356 34' Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
357 31 Shoots SLUDGE, FIELD, MATURITY 0 Shoots
358 h Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
359 54 Shoots, SLUDGE, FIELD, MATURITY 0 Shoots
380 50 Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
361 48 Shoot. SLUDGE, FIELD, MATURITY 0 Shoots
362 40 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
363 48 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
364 57 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
365 62 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
366 :62 Shoot. SLUDGE, FIELD, MATURITY : 0 Shoot.
367 85 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
368 106 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
369 153 Shoot. SLUDGE, FIELD, MATURITY 0 Shoot.
370 SLUDGE, FIELD, MATURITY 0 GRAIN
371 SLUDGE, FIELD, MATURITY 0 GRAIN
372 SLUDGE, FIELD, MATURITY 0 GRAIN
373 SLUDGE, FIELD, MATURITY 0 GRAIN
374 SLUDGE, FIELD MATURITY 0 GRAIN
375 SLUDGE, FIELD, MATURITY 0 GRAIN
376 SLUDGE, FIELD, MATURITY 0 GRAIN
377 SLUDGE, FIELD, MATURITY 0 GRAIN
378 SLUDGE, FIELD, MATURITY 0 GRAIN
379 SLUDGE, FIELD, MATURITY 0 Grain
380 SLUDGE FIELD MATURITY 0 Grain
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % pH RATE (ko/ha)

343 0.7 8
344 36.7
345 35.7
346 28
347 2-2.5 5.9-6.2 e.7
348 2-2.5 5.9·6.~2 20.1
349 2-2.5 5.9-6.2 26.8
350 2-2.5 5.9-6.2 40.2
351 7
352 7.4
31:'2 7.6v_
354 7.7
355 7.6
358 6.9
351 7.4
358 7.6
359 5.8
360 6.1
361 6.8
362 7
363 7.1
384 5.8
365 5.7
366 : : 6
367 5.2
3611 5.3
369 5.1
370 0
371 0
372 0
373 10
374 197
375 3'00
3715 159
3n 39"
37. 800
379 " 311
310 787
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TABLE F-4 (cont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN . Malha Ma/ha APPLICATN NAME NAME TEXTURE

343 20 20 0 C1aVllv
344 75 75
345 150 150
346 0 0
347 1981 Orthic Pedlol Lyndala Sandy Losm
348 1981 Orthic Pedlol Lyndsla Sandy LOllm
349 1981 Orthic Pedlol Lyndale SandvLoam
350 1981 Orthic Pedlol Lyndale SendyLoam
351 58 56 1978 Typic Paleudults Christiana fine sandy loam
352 112 112 1976 Typic Psleudults Christiana fina SllndV loam
353 224 224 1976 Typic Pslaudults Christiana fina sandy loam
354 336 336 1976 Typic Pelauduhs Christiana fine sllndy loam
355 448 448 1978 Typic Pslaudults Christians fina SlIndV loam
356 58 58 1978 Typic Palaudults Christiana fina sandy loam
357 112 112 1976 Typic Paleudults Chri.tlana fine sandy loam
358 224 .. 224 1978 Typic Peleudults Chrl.tllna fine sandv loam
359 58 58 1978 Typic Plleudults Chrlstllna fine sandy loam
360 112 112 1978 Typic Paleudults Chrl.t1ana fine slindy loam
381 224 224 1976 Typic Palaudults Chrl.t1lna fine SllndV loam
382 448 448 1976 Typic Paleudult. Chrl.t1ana fine sandy loam
383 872 872 1978 Typic Paleuduhs Chrl.t1ana fine IIIndV losm
384 58 56 1978 Typic Plleudults Chrl.t1ana fine aendv 101m
385 112 112 1978 TypicPlleudult. Chrl.tiana fine sandy 101m
368 224 : 224 1978 Typic Paleuduh. Chri.t1lna fina .andv loam
367 58 58 1978 Typic Pllaudult. Chri.t1ana fine sondy loam
368 112 112 1978 Typic Peleudults Christiana fine 'IIndV 101m
389 224 224 1978 Typic Pelludults Chrl.t1ana fina .andy loam
370 0 0 0 Aaric Ochraquslf Blount .Ut loam
371 0 0 0 Aaric OchraQUalf Blount .i1t loam
372 0 0 0 Aaric Ochraqualf Blount siitloam
373 13 13 0 Aaric Ochraqualf Blount .ilt loem
374 12 25 0 Aaric OchraQUelf Blount .i1t loam
375 14 38 0 Aeric OchraQUllf Blount .ilt loam
378 28 26 0 Aerie Ochraqullf Blount eilt 101m
377 24 50 0 Aerlc OchraQualf Blount eilt loam
378 27 77 0 Aeric Ochraqualf Blount silt loam
379 52 52 0 Aaric OchraQualf Blount silt loam
380 48 100 0 Aaric OchraQualf Blount silt loam
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TABLE F-4 lcont.1

SLUDGE SLUDGoE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE. SLUDGE
Cr Cu "Fe N NI P Pb Zn SOLIDS BIOLOGICAL

maAca maAca % % mgAca maAca maAcg mgAca CONTNT PROCESSING

343 45 428 562 Wen Water + 20 tlha ,Iudge
344 191 143 26.3 27200 194 420 Sludge
345 191 143 26.3 27200 194 420 Sludge
348 0.05 0.073 0.086 23.8 0.094 0.313 Irrigation Water
347 N.P.K.S. Ferti'lizer
348 N.P.K.S. Fertillzar
349 N.P.K.S. Ferti,!,izer
350 N.P.K.S. Fe,rtillzer
351 259 15 217 639 Umed-digelted
352 259 15 217 639 Umed-d,igllted
353 259 15 217 839 Umed-dlgelted
354 259 15 217 639 Umed-dlgelted
355 259 15 217 839 Umed-d,lgeated
358 277 17 215 599 Umed-Raw
357 277 17 215 599 Umed·Raw
358 277 "17 215 599 Umed-Raw
359 274 201 272 731 Umed-C0l'l'1001t
380 274 201 272 731 Umed-CompOlt
381 274 201 272 731 Umld-ComDolt
382 274 201 272 731 Umid-Compolt
383 274 201 272 731 Umed-Compolt
384 404 37 380 1330 H••t-Tr••ted, HI,gh pH
385 404 37 380 1330 Hlat-Treated, High pH
368 404 37 380 1330 : H••t-Truted, High pH
387 404 37 380 1330 Hut-Tr.ated, Low pH
3el 404 37 380 1330 H••t-Treated, Low pH
369

.
404 37 380 1330 H.at-Tr.atld, Low pH

370 Uquld dl,geltld I,Judge
371 Uould dhl..tld 1,ludae
372 UQIJ dige,atld .fUlf,ge
373 UQlJ dlge'ltld I,fudge
374 Uoo d~lJHtld .Iudae
375 UQOId dlOll,ated .Iudae
378 UaoId dia.,.ted I,tuda.
377 Uauid diOl.tId 1,ludoe
37. , UQ(l,id dige'I'tld 1,Iud,ae
3711 UcMd cliiat.Ud .1ud0l
3,110 UQUild dlloa,.,tld .luda.
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR DH % % % malka

343 Chakrabarti. C. end T. Chakrabarti. 1988. '29 Whaat HOM 1553
344 Gllllel. J.A. Itt aI•• 1989. '73 Oat Harmon 4.6
345 GUliel. J.A. et aI•• 1989. '73 Oat Harmon 4.6
346 Gllllal. J.A. lit aI. 1989. '73 Oat Harmon 0.014
347 Gupta. UmllSh C•• and W.J. Arllnault. 1986. '80 Tobacco
348 GUDta. Umalh C•• and W.J. Arllnault. 1986. '80 Tobacco
349 GUDta. Umalh C•• and W.J. ArllMult. 1986. '80 Tobacco
350 Gupta. Umelh C•• end W.J. Arllnault. 1986.180 Tobacco
351 Hackman. J.R. lit .... 1987. '89 SOYlIaan Mlrr. 5.9
352 Hickman. J.R. at .... 1987. '89 SOYlIun Mlrr. 5.9
353 Hackman. J.R. at .... 1987. '89 SOYIIlan Mlrr. , 5.9
354 Hickman. J.R. at 81•• 1987. 189 SOYIIll1n Marr. 5.9
355 HIckman. J.R. at el•• 1987. '89 SOYlIllln Marr. 5.9
356 Heckman. J.R. It aI•• 1987. '89 Soylilian Marr. 4.9
357 Hickman. J.R. It aI•• 1987. 189 SOYballn Marr. 4.9
358 Hickman J.R.1tt .... 1987. '89 .. SOYlIaan , Mlrr. : 4.9
359 HIckman. J.R. lit aI •• 1987.189 " SoybaIIn

I
Mlrr. 7.2!

360 Hlokman. J.R. lit .... 1987. '89 SOYIIll1n Marr. 7.2
381 Hickman. J.R. at .... 1987. 189 SOYblllln Marr. 7.2
382 Heckmen. J.R. at a.. 1987. 189 SOYbll,n Marr. 7.2
383 Heckmen. J.R. lit .... 1987. '89 50\1 IHllm Marr. 7.2
384 Heckman. J.R. at .... 1987. '89 50\1 lIelln Merr. 8.3
365 Heckman. J.R. lit .... 1987. '89 50\1 lIeln

,
Merr. 8.3

386 Heckman. J.R. Itt .... 1987. '88 50\1 IIl1en .Merr. • : 8.3
387 Heckman. J.R. at .... 1987. '89 50\1 IIIIl1n Marr. 8.3
388 HlIOkmIn. J.R. at". 1987.189 50\1 un Merr. 8.3
369 Heckman. J.R. at .... 1987. '89 SoY!~ean Merr. 8.3
370 Hinally. T.D. lit al•• 1977. 194 CORN
371 Hinetly. T.D. Itt aI•• 1977. '94 CORN
372 HinetlY. T.D. lit 81•• 1977. 194 CORN
373 Hinellv. T.D. lit aI•• 1977. '94 CORN
374 Hinllilv. T.0. lit al•• 1977. 194 CORN
375 Hinillv. T.D. lit aI•• 1977. '94 CORN
376 Hinellv. T.0. at al.. 1977. '94 CORN
377 HiMllv. T.D. at al.. 1977. '94 CORN
378 HinealY. T.D. It al•• 1977. '94 CORN
379 Hlniliv. T.D. It 81.• 1977. '94 Corn
380 Hinllliv. T.D. at al. 1977. '94 Corn
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TABLE F-4 (cont.)

LOCATION
OF

STUDY

305 JOLIET, ILLINOIS
306 JOLIET, ILLINOIS
°307 JOLIET, IlliNOIS
308 JOLIET, IlliNOIS
309 JOLlET,ILLINO'IS
310 JOLIET, ILLINOIS
311 JOLIET, IlliNOIS
312 JOLIET, ILLINOIS
313 JOLIET, ILLINOIS
314 JOLIET, IlliNOIS
315 JOLIET, ILLINOIS
316 JOLIET, IlliNOIS
317 JOLIET, ILLINOIS
318 JOLIET, ILLINOIS
319 JOllET,lilLINO'IS
320 JOLIET, ILLINOIS
321 JOLIET, IlliNOIS
322 JOllET,ILLINO'IS
323 JOLIET, IlliNOIS
324 JOUET,lllINO,IS
325 JOLIET, IlliNOIS
326 JOLlET.IWNO,IS
327 JOLIET, IlliNOIS
328 : JOLIET, IWNOIS
329 JOLlET,lllINO'IS
330 JOUET,IWNOIS
331 JOLIET lillIN'OIS
332 JOUET, l'llINO,IS
333 JOUET IillI'N'OlS
334 JOUET.llllI'NOIS
335 JOLIET, IlllINOIS
336 J'OUET,llllIiN'OlS
337 JOLIET. lillIiN'OIS
33. JOUlET, 1I1lIINOIS
331 J'OUET 111lI:NOlS
3.40 J'OUET.lillIIN'OlS
341 l,nelI,.
342 r,ndf,.
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TABLE F-4 (cont.)

YIELD YIELD
,REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS ."

305 0 STOVER NO I

308 0 STOVER NO
307 0 STOVER NO
308 NA STOVER NO
309 0 STOVER NO
310 0 STOVER NO
311 0 STOVER -NO -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
312 0 STOVER -NO -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
313 0 STOVER NO ,
314 0 STOVER NO
315 0 STOVER NO
318 0 STOVER NO
317 0 STOVER NO
318 0 STOVER NO
319 NA STOVER NO
320 0 STOVER NO ..
321 0 STOVER NO
322 0 STOVER NO
323 0 STOVER NO
324 0 STOVER NO
325 0 STOVER , NO
328 0 STOVER NO ,

327 0 STOVER NO
328 0 : STOVER NO :

329 0 STOVER NO
330 NA STOVER NO
331 0 STOVER NO
332 0 STOVER NO
333 0 STOVER NO
334 0 STOVER NO
335 0 STOVER NO
338 0 STOVER NO
337 0 STOVER NO
338 0 STOVER NO
339 0 STOVER NO
340 0 STOVER NO
341 0 GRAIN NO
342 0 GRAIN NO
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TABlE F-4 (cont.)

SO,IIL Zn PlANTZn PLANT YIIELD YIIELD
SOIIL COINCENTRTN CON'CENTRTN Tissue O'ESCRIIPTlON OF REOUCTION COMPONIENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN % MEASURED

305 HCL·HIF 77 52 LEAF SLUDGE. FIIELD. MATURITY 0 GRAIN
308 HCL·HF .1 39 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
307 HCL·HiF 90 NA LEAF SLUD'GE. FIIELD, MATURIT.Y 0 GRAIIN
308 HCL·HF 81 38 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
309 HCL·HF S8 42 LEAF SLUDGE. FIELD. MATURITY 0 GRAI'N
310 HCL·HF 126 94 LEAF SLUDGE. FI'ELD. MATURITY 0 GRAIN
311 HCL·HF 111 92 LEAF SLUDGE. FIELD. MATURITY 60- GRAIN
312 HCL·HF 185 11 LEAF SLUDGE. FIIELD. MATURITY 60- GRAIN
313 HCL·HF 149 151 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
314 HCL·HF 193 102 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
315 HCL·HF 238 78 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
318 HCL·HF 314 93 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
317 HCL·HF 305 57 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
318 HCL·HF 234 NA LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
319 HCL·HF eo 52 LEAF SLUDGE. FIELD. MATURITY NA GRAIN
320 HCL-HF 122 SO" LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
321 HCL-HF 192 171 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
322 HCL·HF 243 98 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
323 HCL·HF 23S 178 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
324 HCL·HF 338 435 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
325 HCL·HF 335 188 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
328 HCL-HF 320 154 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
327 HCL·HF 544 153 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
328 HCL·HF 482 119 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
329 HCL·HF 431 NA LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
330 HCL·HF 285 87 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
331 HCL-HF 133 124 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
332 HCL-HF 227 133 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
333 HCL-HF 293 136 LEAF SLUDGE. FIELD. MATURITV 0 GRAIN
334 HCL·HF 508 396 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
335 HCL·HF 500 640 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
338 HCL-HF 589 358 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
337 HCL·HF 823 192 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
338 HCL-HF 823 310 LEAF SLUDGE. RELD. MATURITY 0 . GRAIN
339 HCL-HF 723 225 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
340 HCL-HF 763 NA LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
341 HCL04/HN03 22.2 43.32 Earhlllld SLUDGE. FIELD. MATURITI 0 Wholll Plant
342 HCL04/HN03 47 60.54 Earhllad SLUDGE FIELD. MATURITY 0 Wholll Plant
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TABLE F-4 (cont.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollko % pH RATE (kothe)

305 0.76 7 0
~ 1.21 6.9 0

307 0.84 7.1 0
308 c 0.31 NA 225
309 0.44 7;2 15.9
310 0.63 7.3 314
311 0.67 7.5 402
312 0.78 7 ~63

313 0.8 7 531
314 . 0.99" 6.6 531
315 . 1.42 7.1 531
318 1.71 7.2 531
317 1.82 7.2 531
318 1.96 7.1 531
319 0.43 NA ~49

320 : .. 0.51 7.1 517
321 0.94 7 828
322 1.18 7.2 804
323 1.4 7 926
32~ 1.75: 6.4 1063
325 2 6.3 1063
328 2.16 8.8 1083
327 2.02 6.8 1063
328 : 2.33 7.1 :1083
329 1.88 7 1083
330 .. 0.73 NA 898
331 0.57. 8.8 1033
332 1.3 8.7 1257
333 1.42 6.8 1607
334 2.~ 6.~ 1852
335 2.78 6.1 2130
338 3.44 5.8 2130
331 3;18 5.9 " 2130
338 3.28 8.2 2130
339 3.1 6.~ 2130
340 3.15 6.5 2130
341 0.7 8
342 0.7 8
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TABLE 14 (oo,nl.)

SLUDGE ANNL SLUD'GE CUMML SLUDGE YEARS sOrt SOIIL
CHEMICAL LOADNG RATE LOADNG RATE SIINCELAST TAXONOMIC SERI'I!S SOlt

STABilUZATN Ma/ha Malhe APPUCATN NAME NAME TEXTURE

305 CENT POLY. FECLS 0 0 NA PLAINFIELD LS
3·0'8 CENT PO'LY FECLS 0 0 NA PLAINFIELD LS
307 CENT POtY, FECL3 0 0 NA PLAINFIELD LS
308 CENT POtY, FECLS 28.2 40.1 0 PLAIN'FIELD LS
309 CENT POLY, FECL3 8.1 48.2 0 PLAINFIELD LS
310 CENT POLY, FECLS 14.7 82.9 0 PLAINFIELD LS
311 CENT PO'LY FECL3 17.7 BO.6 0 PLAINFIELD LS
312 CENT POLY, FECL3 13.1 93.7 0 PLAINFI'ELD LS
313 CENT POLY, FECLS 17.8 111.5 0 PLAINFliELD LS

314 CENT POLY, FECL3 0 111.5 1 PLAINFI,ELD LS
315 CENT PO,LY, FECL3 0 111.6 2 PLAI'N'FIELD LS
316 CENT POLY, FECL3 0 111.5 3 PLAINFIELD LS
317 CENT POLY, FECLS 0 111.5 4 PLAINFI'ELD LS
318 CENT POLY, FECL3 0 111.5 5 PLAIIN·FIELD LS
319 CENT POLY, FECL3 52.4 80.2 0 PLAINFIELD LS
320 CENT POLY, FECLS 18.2 ~ 98.4 0 PLAINFIELD LS
321 CENT POLY, FECL3 29.4 125.8 0 PlAINFIEW LS
322 CENT POtY, FECL3 35.4 161.2 0 PLAINFIELD LS
323 CENT POLY, FECLS 28.2 187.4 0 PLAINFIELD tS
324 CENT POLY, FECLS 35.6 223 0 PLAINFIELD LS
325 CENT POLY, FECL3 0 223 1 PLAINFIELD LS
326 CENT POLY, FECL3 0 223 2 PlAINFIELD LS
327 CENT POLY FECL3 0 223 3 PLAINFIELD LS
328 CENT POLY, FECL3 0 223 4 : PLAINFIELD LS

• 329 CENT POLY, FECL3 0 223 5 PLAI,NFIELD LS
330 CENT POLY, FECL3 104.8 HIO.4 0 PLAINFIELD LS
331 CENT POLY, FECL3 32.4 192.8 0 PLAINFIELD LS
332 CENT POLY, FECLS 58.8 251.8 0 PLAINFIELD LS
333 CENT POLY, FECLS 70.8 322.4 0 PLAINFIELD LS
334 CENT POLY. FECLS 52.4 374.8 0 PLAI,NFIELD LS
336 CENT POLY, FECL3 71.2 446 0 PLAINFIELD LS
336 CENT POLY, FECLS 0 446 1 PLAINFIELD LS
337 CENT POLY, FECL3 0 448 2 PLAINFIELD LS
338 CENT POLY, FECL3 0 446 3 PLAINFIELD LS
339 CENT POLY, FECL3 0 446 4 PLAINFIELD LS
340 CENT POLY, FECL3 0 446 6 PLAINFIELD LS
341 Clayey

342 10 10 0 Clayev
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TABLE F·4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka mglkg malka malka CaNTNT PROCESSING

305 2846 1311 4.2 , 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION-
306 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
307 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
308 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DiGESTION
309 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DlGESTION
310 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2NDTRTMNT. ANAEROBIC DIGESTION
311 2846 1311 14.2 5.5 305 , 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
312 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
313 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
314 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
315 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
316 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
317 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
318 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
319 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
320 2846 1311 4.2 5.5 .. 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
321 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
322 2846 \311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
323 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
324 2846 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
325 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
328 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
327 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
328 2848 1311 4.2 5.5 305 : 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
329 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
330 2848 1311 4.2 5.5 305· 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
331 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
332 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT.ANAEROBIC DIGESTION
333 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
334 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
335 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
338 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
337 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
338 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
339 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
340 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION'
341 NIP 10 30 Well Water(Control)
342 45 428 562 Well Wate'r + 10 tlha IIludaa

p
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TABLE F-4 (oo,n1(.)

SLUO'GE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLU'OGE VOLSOUOS AI C. Cd

CITATlO'N NAME CUtTlVAR pH % % % maiko

305 HII,NESLY 1985 CORN 3.2 265
3'08 HllNIESlY 1985 CORN , 3.2 285
307 HI,N'ESlY 1985 CORN 3.2 265
308 HINESLY 1985 CORN 3.2 265
309 HINESlY 1985 CORN 3.2 265
310 HIN,ESlY 1985 CO'RN 3.2 265
311 HINESlY 1985 CORN 3.2 265
312 HINESlY 1985 CORN 3.2 265
313 HINESlY 1985 CORN 3.2 265
314 HINESlY 1985 CORN 3.2 265
315 HINESlY 1985 CORN 3.2 265
318 HINESLY 1985 CORN 3.2 265
317 HINESlY 1985 CO'RN 3.2 265
318 HINESlY 1985 CORN 3.2 265
319 HINESLY 1985 CORN 3.2 265
320 HINESlY 1985 .. CO'RN 3.2 265
321 HINESLY 1985 CORN 3.2 265
322 HINESlY 1985 CORN 3.2 265
323 HINESlY 1985 CORN 3.2 265
324 HINESLY 1985 CORN 3.2 265
325 HINESlY 1985 CORN 3.2 265
328 HINESLY 1985 CORN 3.2 265
327 HINESLY 1985 CORN 3.2 265
328 : HINESLY 1985 CORN : 3.2 : 265
329 HINESLY 1985 CORN 3.2 265
330 HINESlY 1985 CORN 3.2 265
331 HINESLY 1985 CORN 3.2 285
332 HINESLY 1985 CORN 3.2 265
333 HI'NESLY 1985 CORN 3.2 265
334 HINESlY 1985 CORN 3.2 265
335 HINESlY 1985 CORN 3.2 265
338 HINESLY 1985 CORN 3.2 265
337 HINESLY 1985 CORN 3.2 265
338 HINESLY 1985 CORN 3.2 265
339 HINESLY 1985 CORN 3.2 265
340 HINESLY 1985 CORN 3.2 265
341 Chekrabartl. C. and T. Chakrab/lrtl. 1988. '29 Wheat HOM 1553 8.4
342 Chakrabartl C. and T. Chllkr/lb/lrti 1988. '29 Whe/lt HOM 1553
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TABLE F·4 (cont.)

LOCATION
OF

STUDY

267 JOLIET, ILLINOIS
268 JOLIET, ILLINOIS
269 JOLIET, ILLINOIS
270 JOLIET, ILLINOIS
271 JOLIET, ILLINOIS
272. JOLIET, ILLINOIS
273 JOLIET, ILLINOIS
274: JOLIET, ILLINOIS
275 JOLIET, ILLINOIS
278 JOLIET, ILLINOIS
277 JOLIET, ILLINOIS
278 JOLIET, ILLINOIS
279 JOLIET, ILLINOIS
280' JOLIET, ILLINOIS
281 . JOLIET, ILLINOIS.

• 282 JOLIET, ILLINOIS
283 JOLIET, ILLINOIS
284 JOLIET, ILLINOIS
285 JOLIET, ILLINOIS
288 JOLIET, ILLINOIS
287 JOLIET, ILLINOIS
288 JOLIET, IWNOIS
289 JOLIET, ILLINOIS

: 290 JOLIET, ILLINOIS
291 JOLIET, ILLINOIS .
292 JOLIET, ILLINOIS
293 JOLIET, ILLINOIS
294 JOLIET, ILLINOIS
295 JOLIET, ILLINOIS
298 JOLIET, ILLINOIS
297 JOLIET, ILLINOIS
298 JOLIET, ILLINOIS
299 JOLIET, ILLINOIS
300 JOLIET, ILLINOIS
301 JOLIET, ILLINOIS
302 JOLIET, ILLINOIS
303 JOLIET, ILLINOIS
304 JOLIET ILLINOIS
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TA,BLE F-4 (o.onlt.)

YllElD YIIELD
REDUCTIO'N COMPONENT METAL

% MEASURED PHYTOTOXtCITY COMMENTS

287 0 STOVER -NO "DOSE RESPONSE ANO TISSUE ZN CONCENTRATION NOT CONSISTENT
288 0 STOVER -NO "DOSE RESPO,NSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
289 0 STOVER NO
270 0 STOVER NO
271 0 STOVER NO
272 0 STOVER NO
273 0 STOVER NO
274 0 STOVER NO
275 NA STOVER NO
278 0 STOVER NO
277 0 STOVER NO
278 0 STOVER NO
279 0 . STOVER NO
280 0 STOVER NO
281 0 STOVER NO
282 0 STOVER NO
283 0 STOVER NO
284 0 STOVER NO
285 0 STOYER NO
288 NA STOVER NO
287 0 STOVER NO
288 0 STOVER NO
289 0 STOVER NO
290 : 0 STOVER NO : ,
291 0 STOVER NO
292 0 STOVER NO
293 0 STOVER NO
294 0 STOVER NO
295 0 STOVER NO
298 0 STOVER NO
297 NA STOVER NO
298 0 STOVER NO
299 0 STOVER NO
300 0 STOVER NO
301 0 STOVER NO
302 0 STOVER NO
303 0 STOVER NO
304 : 0 STOVER NO
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TABLE F·4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka maiko SAMPLED EXPERIMENTAL DESiGN % MEASURED

287 HCL·HF 138 70 LEAF SLUDGE, FIELD, MATURITY 80- GRAIN
288 HCL·HF 158 192 LEAF SLUDGE, FIELD, MATURITY 28- GRAIN
289 HCL·HF 208 92 LEAF SLUDGE, FIELD, MATURllV 0 GRAIN
270 HCl·HF 180 89 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
271 HCL·HF 202 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
272 HCL·HF 215 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
273 HCL·HF 219 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
274 HCL·HF 187 HA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
275 HCL·HF 159 72 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
278 HCL·HF 131 97 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
277 HCL·HF 143 89 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
278 HCL·HF 171 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
279 HCL·HF 218. 139 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
280 HCL~HF 270 191 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
281 -HCL·HF 294 183 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
282 HCL·HF 394 1111 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
283 HCL·HF 351 107 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
284 HCL·HF 287 70 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
285 HCL·HF 303 NA LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
288 HCL-HF 215 97 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
287 HCL·HF 215 180 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
288 HCL·HF 193 175 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
289 HCL·HF 333 149 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
290 HCL·HF 388 288 LEAF : SLUDGE, FIELD, MATURITY 0 GRAIN :

291 HCL·HF 553 294 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
292 HCL·HF 543 278 LEAF SLUDGE, FIELD, MATURITV 0 GRAIN
293 HCL·HF 594 204 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
294 HCL·HF 442 171 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
295 HCL·HF 482 141 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
298 HCL·HF 331 NA LEAF· SLUDGE, FIELD, MATURITY 0 GRAIN
297 HCL·HF 55 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
298 HCL·HF 24 17 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
299 HCL·HF 22 23 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
300 HCL·HF 32 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
301 HCL·HF 43 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
302 HCL·HF 48 32 LEAF SLUDGE. FIELD, MATURITY 0 GRAIN
303 HCL·HF 55 17 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
304 HCL·HF 75 34 LEAF SLUDGE FIELD MATURITY '0 GRAIN
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TABLE F-4 (oom.)

SAND 5 liLT CLAY SOllt SOlt CUMM Zo
CONTENT CO,NTENT CONTENT CEC DC SOlt LOAD'iIN'G

% % % omollka % DH RATE fkaJheI

2157 1.58 7.4 0402
288 1.54 7.1 4&3
289 1.64 8.9 631
270 1:69 6.9 531
271 1.91 7 531
272 1.66 7.3 531
273 2.05 7.1 531
274 1.95 7.2 531
275 1.71 NA 449
278 1.57 8.9 517
277 1.57 7.3 628
278 1.79 7.1 804
279 1.93 8.9 928
280 2.09 8.8 1083
281 2.37 8.4 1063
282 .. 2.4 8.4 1083·
283 - 2.4 8.8 1063
284 2.38 15.8 1063
265 2.48 7.2 10153
288 2.08 NA 898
287 2 8.4 1033
288 1.78 8.4 1257
288 2.87 15.2 1807
290 : : 2.72 8.1 1852
291 3.53 6.4 2130
292 3.35 5.6 2130
293 3.29 5.8 2130
294 2.8B 8 2130
295 3.02 8 2130
298 2.2 8.3 2130
297 0.38 NA 0
29B 0.17 7 0
299 0.21 7.2 0
300 0.42 7.1 0
301 0.44 7 0
302 0.58 6.9 0
303 0.48 7 0
304 0.75 7 0
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TABLE F-4 Icont.1

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Malha Malha APPLICATN NAME NAME TEXTURE

267 CENT POLY, FECL3 17.7 80.6 0 ELLIOT SiL
268 CENT POLY, FECL3 13.1 93.7 0 ELLIOT SiL
269 CENT POLY, FECL3 17.8 111.5 0 ELLIOT SiL
270 CENT POLY, FECL3 0 111.5 1 ELLIOT SiL
271 CENT POLY, FECL3 0 111.5 2 ELLIOT SiL
272 CENT POLY, FECL3 O· 111.5 3 ELLIOT SiL
273 CENT POLY FECL3 " 0 111.5 4 ELLIOT SiL
274 CENT POLY, FECL3 "; 0 111.5 5 ELLIOT SiL
275 CENT POLY, FECL3 62.4 80.2, 0 ELLIOT SiL
276 CENT POLY, FECL3 Hs.2 96.4 ' 0 ELLIOT SiL
277 CENT POLY, FECL3 29.4 125.8 0 ELLIOT SiL
278 CENT POLY, FECL3 36.4 161.2 0 ELLIOT SiL
279 CENT POLY, FECL3 28.2 187.4 0 ELLIOT Sil
%80 CENT POLY, FECL3 35.6 223 0 ELLIOT SiL
281 CENT POLY, FECL3 I 0 223 j 1 Ii ELLIOT SiL
282 CENT POLY, FECL3 0 .. 223 2. ELLIOT SiL
283 CENT POLY, FECL3 0 223 3 ELLIOT SiL
284 CENT POLY, FECL3 0 223 4 ELLIOT SiL
285 CENT- POLY, FECL3 0 223 6 ELLIOT Sil
286 CENT POLY, FECL3 104.8 180.4 0 ELLIOT SiL
287 CENT POLY, FECL3 , 32.4 192.8 0 " ELLIOT SiL
288 CENT POLY, FECL3 68.8 261.6 0 ELLIOT SiL
289 CENT POLY, FECL3 70.8 322.4 0 ELLIOT SiL

: 290 CENT POLY, FECL3 52.4 374.8 : 0 ELLIOT : SiL
291 CENT POLY, FECL3 . 71.2 446 ' 0 ELLIOT SiL
292 CENT POLY, FECL3 0 446 1 ELLIOT SiL
293 CENT POLY, FECL3 0 446 2 ELLIOT SiL
294 CENT POLY,FECL3 0 446 3 ELLIOT SiL
296 CENT POLY, FECL3 0 448 4 ELLIOT SiL
296 CENT POLY, FECL3 0 446 6 ELLIOT SiL
297 CENT POLY, FECL3 0 0 NA' PlAINFIELD LS
298 CENT POLY, FECL3 0 0 NA PLAINFIELD LS
299 CENT POLY, FECL3 0 0 NA PlAINFIELD LS
300 CENT POLY, FECL3 0 0 NA PLAINFIELD : LS
301 CENT POLY, FECL3 0 0 NA PLAINFIELD LS
302 CENT POLY, FECL3 0 0 NA PLAINFIELD ' LS
303 CENT POLY, FECL3 0 0 NA PLAINFIELD LS
304 CENT POLY FECL3 0 0 NA PLAINFIELD; LS
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TA81E f4. (oo'nU

SWDGE SLUDGE S,LUDGE SLUDGE SLUDGE SLUDGE SLUDGE SWDGE SWDGE SLUDGE
Cr Cu F. N N~ P Pb Zn SOUDS BIOtOGICAL

maiko maiko % % maiko molko molko maiko CONTNT PROCESSliNG

287 2848 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
268 2848 1311 4.2 6.5 305 3.3 1189. 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTlO'N
269 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAERomC DIGESTIO'N
270 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAERO'B,IC DIGESTION
271 2848 1311 4.2 6.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
272 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMoNT ANAEROBIC DIGESTION
273 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC D'IGESTION
274 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMoNT. ANAEROBIC DIGESTION
275 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
278 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
277 2848 1311 . 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
278 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
279 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
280 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
281 2848 1311 4.2 5.5 305 3.3 lHS9 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
282 2848 1311 4.2 5.5 .. 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
283 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
284 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
285 2845 1311 4.2 "6.6 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
288 2848 1311 4.2 5.5 305 3.3 lHI9 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
287 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
288 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
289 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
290 2848 1311 4.2 . 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DiGESTION
291 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2~D TRTMNT. ANAEROBIC DIGESTION
292 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
293 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
294 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
295 2848 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTM,NT. ANAEROBIC DIGESTION
298 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DiGESTION
297 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
298 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
299 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
300 2848 1311 4.2 5.5 . 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
301 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
302 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
303 2848 1311 . 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
304 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABLE F·4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR pH ' % % % mo/1(o

267 HINESLV 1985 CORN • 3.2 265
268 HINESLV 1985 CORN 3.2 265
269 HINESLV 1985 CORN 3.2 265
270 HINESLV 1985 CORN 3.2 285
271 HINESLV 1985 CORN 3.2 265
272 HINESLV 1985 CORN 3.2 285
273 HINESLV 1985 'CORN 3.2 265
274 HINESLV 1985 :CORN 3.2 265
275 HINESLV 1985 CORN 3.2 265
276 HINESLV 1985 CORN . 3.2 265
277 HINESLV 1985 CORN 3.2 265
278 HINESLV 1985 CORN 3.2 265
279 HINESLV 1985 CORN 3.2 265
280 HINESLV 1985 CORN 3.2 265
281 HINESLv: 1985 CORN 3.2 265
282 HINESLV 1985 .. ,CORN 3.2 265
283 HINESLV 1985 CORN 3.2 265
284 HINESLV 1985 CORN 3.: 265
285 HINESLv: 1985 CORN 3.2 265
286 HINESLV 1985 .CORN 3.2 265
287 HINESLv: 1985 CORN 3.2 265
288 HINESLy' 1985 CORN 3.2 265
289 HINESLV 1985 CORN 3.2 265
290 HINESLV 1:985 CORN : 3.2 265
291 HINESLV 1985 CORN

,
3.2 265

292 HINESLV 1985 CORN 3.2 265
293 HINESLV 1985 CORN 3.2 265
294 HINESLV 1985 CORN 3.2 265
295 HINESLV 1985 CORN 3.2 265
296 HINESLV 1985 CORN 3.2 265
297 HINESLV 1985 CORN 3.2 265
298 HINESLV 1985 CORN 3.% 265
299 HINESLV 1985 . CORN j 3.2 265
300 HINESLV 1985 .CORN 3.2 265
301 HINESLV 1985 CORN 3.2 265
302 HINESLV 1985 CORN 3.2 265
303 HINESLV 1985 CORN 3.2 265
304 HINESLV 1985 CORN 3.2 265
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TABlE f.4(Go,nll.)

LOCATIO'N
O,F

STUDY

229 JOUET, l'llllNOIS
23'0 J'OUET, ItUNOIS
231 JOLliET, IlliNOIS
232 J'OLlET,ltLlNoIS
233 JOLIET IlliNOIS
234 JOUET,I,LLlNOIS
235 JOUET, ILliNOIS
236 J'OLlET,ltLlNOIS
237 JOUET, ILUNOIS
238 JOUET, ILLINOIS
239 JOUET, IlliNOIS
240 JOLIET, ILUNOIS
241 JOLIET, ILLINOIS
242 JOLIET, ILLINOIS
243 JOLIET, ILLINOIS
244 JOLIET, IlliNOIS
245 JOLIET, ILLINOIS
248 JOLIET, ILLINOIS
247 JOLIET, IllINO'IS
248 JOLIET. IWNOIS
249 JOLIET, ILLINOIS
250 JOLIET, IlliNOIS
251 JOLIET, IWNOIS
:252 JOLIET, IlliNOIS
253 JOLIET, IlliNOIS
254 JOLIET, IlliNOIS
255 JOLIET, ILUNOIS
258 JOLIET, IlliNOIS
257 JOLIET, IlliNOIS
258 JOUET, IlliNOIS
259 JOLIET, ILLINOIS
280 JOUET, IlliNOIS
261 JOUET, IWNOIS
282 . JOLIET, ILLINOIS
283 JOUET, ILLINOIS
284 JOLIET, ILLINOIS
265 I JOLIET, IlliNOIS
268 ; JOLIET ILUNOIS :

F·253



TABLE F-4 lcont.1

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMME~JTS

229 0 STOVER NO
230 0 STOVER NO
231 0 STOVER NO
232 0 STOVER NO
233 NA STOVER NO
234 0 STOVER NO
235 0 STOVER NO
238 0 STOVER' NO
237 0 STOVER NO
238 NA STOVER NO
239 0 STOVER NO
240 37- STOVER -NO -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
241 0 STOVER -NO -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
242 0 STOVER 'i -NO -DOSE RESPONSE AND TiSSUE ZN CONCENTRATION NOT CONSISTENT
243 NA STOVER NO
244 0 STOVER NO •
245 22- STOVER '. -NO -DOSE RESPONSE AND TISSUE ZN CONCENTRATION NOT CONSISTENT
248 0 STOVER NO
247 0 STOVER NO
248 NA STOVER i NO
249 0 STOVER NO
250 0 STOVER NO
251 0 STOVER NO
252 :0 STOVER NO : :

253 NA STOVER NO ..

254 0 STOVER NO .-
255 0 STOVER NO
258 0 STOVER NO
257 0 STOVER NO
258 0 STOVER NO
259 0 STOVER NO
280 0 STOVER NO
281 0 STOVER NO
282 0 STOVER NO
263 0 STOVER NO
264 NA STOVER NO
265 O. STOVER NO
266 0 STOVER NO
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TABLE fl.4 (co,n,t.)

SOlt Zn PtANTZn PlA,NT YIELD YIELD
SOI:L CONCENTRTN CO,NCENTRTN TISSUE D,ESCRIIPTION OF REQiUCTlO'N COMPON'ENT

EXTRACTANT maiko maiko SAMPLED EXP'ERIIMENTAL DESI'GN % MEASURED

229 HCL·HF 472 , 2eo LEAF SLUDGE. FI'ELD, MATURITY 0 GRAIN
230 HCL·HF 104 241S LEAF SLUDGE. FIIELD. MATURITY 0 GRAI'N
231 HCL-HF 442 382 LEAF SLUDGE. FIELD. MATURIT:{ 0 GRAIN
232 HCL·HF 839 124 LEAF SLUDGE. FI'ELD. MATURITY 0 GRAIN
233 HCL·HF 73 27 LEAF SLUDGE. FIELD. MATURITY 0 GRAI'N
234 HCL-HF 72 18 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
235 HCL·HF 87 20 LEAF SLUDGE FIELD. MATURITY 0 GRAIN
231S HCL-HF 72 22 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
237 HCL-HF 69 14 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
238 HCL-HF lOIS 42 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
239 HCL·HF 103 43 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
2<W HCL-HF 113 45 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
241 HCL-HF 147 lS4 LEAF SLUDGE. FIELD. MATURln' eo· GRAIN
242 HCL·HF 150 70 LEAF SLUDGE. FIELD. MATURITY 28· GRAIN
243 HCL-HF 174 57 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
244 HCL·HF 122 87- LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
245 HCL·HF 186 88 LEAF SLUDGE. FIELD. MATURlTf 0 GRAIIN
246 HCL-HF 1915 83 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
247 HeL·HF 250 112 - LFAF SLUDGE. FIELD. MATURITY 0 GRAIN
248 HCL-HF 241 72 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
249 HCL·HF 220 116 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
260 HCL-HF 270 130 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
261 HCL·HF 308 117 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
262 : HCL·HF 432 179 LEAF : SLUDGE. FIELD. MATURITY 0 GRAIN:
253 HCL·HF 86 28 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
254 HCL·HF as 22 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
255 HCL-HF 84 22 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
258 HCL-HF 70 31 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
257 HCL·HF 74 19 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
258 HCL-HF 79 26 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
259 HCL-HF 80 21 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
2eo HCL·HF 74 24 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
281 HCL-HF 81 27 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
262 HCL-HF 77 22 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
283 HCL-HF 81 NA LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
264 HCL-HF 102 55 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
265 HCL-HF 105 52 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
266 HCL-HF 96 63 LEAF SLUDGE FIELD MATURITY 0 GRAIN
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOiL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % DH RATE (kglhll)

229 2.84 6 2167
230 3.35 5.9 2167
231 2.1 6.2 2167
232 3.03 6.1 2167
233 1.19 NA 0
234 . 1.01 7.1 0
235 : 0.93 7.5 0
238 1.05 7.7 0
237 1.07 7.3 0
238 1.29 NA 225
239 1.06 7.2 259
240 1.1 7.6 314
241 1.29 7.8 402
242 , I ~ 1.17 7.6 463
243 1.38 NA 449
244

..
1.15 7.1 517

245 1.29 7.6 828
248 1.58. 7.6 804
247 1.75 7.5 928
248 1.83 NA 898
249 1.28 8.9 1033
250 1.59 7.5 1257
251 1.9 7.5 1607
252 : : 2.56 7.3 1852
253 1.51 NA 0
254 1.34 7 0
255 1.29 7.2 0
258 1.45 7.1 0-
257 1.3 7.8 0
258 1.3 7 0
259 1.41 7.2 0
260 1.32 8.7 0
281 1.38 7 0
282 1.69 7 0
263 1.48 7.4 0
284 1.52 NA 225
265 1.4 6.9 259
266 1.35 7.2 314
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TABLE 14 (oo,n,t.)

SLUDGE ANIN'L SLUDGE CUMMLSWDGE YEARS SOIL SOil
CHEMICAL LOADN'G RATE LOAD'N'G RATE SINCE LAST TAXOINOMI,C SERI'ES Sort

STAB4UZATN Malhi Malha APPUCATN NAME NAME TEXTURE

229 CENT PO'LY. FEW 0 <428.3 1 PLAINFIELD LS
230 CENT POLY FECL3 0 428.3 2 PLAINIFIELO LS
231 CENT POLY, FECL3 0 428.3 3 PLAIN'FI,ELO LS
232 CENT PO,LY. FECL3 0 <428.3 <4 PLAI,NFI'ELO LS
233 CENT POLY. FECL3 0 0 NA BLOUNT SiL
234 CENT PO,LY. FECL3 0 0 NA B:LOUNT Sil
235 CENT POLY. FECL3 0 0 NA BLOUNT SiL
23& CENT POLY. FECl3 0 0 NA BLOUNT SiL
237 CENT POtY. FECl3 0 0 NA BLOUNT SiL
238 CENT POLY. FECL3 26.2 <40.1 0 BLOUNT SiL
239 CENT POLY. FECL3 8.1 48.2 0 BLOUNT SiL
2<40 CENT POLY. FECL3 14.7 &2.9 0 BLOUNT Sil
241 CENT POLY. FECl3 17.7 80.6 0 BLOUNT SiL
242 CENT POLY. FECl3 13.1 93.7 0 BLOUNT SIL
243 CENT POLY. FECL3 62.4 80.2 0 BLOUNT SiL
244 CENT POLY. FECl3 1&.2 98.4 0 BLOUNT SiL
246 CENT POLY. FECL3 29.4 126.8 0 BLOUNT Sil
248 CENT POLY. FECL3 36.4 1&1.2 0 BLOUNT SiL
247 CENT FOLY, FECL3 28.2 187.4 0 BLOUNT Sil
248 CENT POLY, FECL3 104.8 1&0.4 0 BLOUNT SiL
249 CENT POLY. FECl3 32.4 192.8 0 BLOUNT SiL
260 CENT POLY. FECL3 68.8 261.& 0 BLOUNT SiL
261 CENT POLY. FECl3 70.8 322.4 0 BLOUNT SiL
252 CENT potY, FECL3 62.4 374.8 0 BLOUNT : SiL
263 CENT POLY, FECl3 0 0 NA ELLIOT SiL
264 CENT POLY. FECL3 0 0 NA ELLIOT SiL
265 CENT POLY. FECL3 0 0 NA ELLIOT Sit
26& CENT POLY, FECl3 0 0 NA ELLIOT SiL
267 CENT PO'LY. FECl3 0 0 NA ElliOT SiL
268 CENT POLY, FECL3 0 0 NA ELLIOT SiL
269 CENT POLY. FECL3 0 0 NA ELLiOT Sit
2&0 CENT POLY, FECL3 0 0 NA ELLIOT SiL
281 CENT POLY, FECl3 ·0 0 NA ELLIOT SiL
282 CENT POLY, FECL3 0 0 NA ElliOT SiL
263 CENT POLY, FECL3 0 0 NA ELLIOT SiL
284 CENT POLY. FECl3 28.2 40.1 0 ELLIOT SiL
285 CENT POLY, FECL3 8.1 48.2 0 ELLIOT SiL
288 CENT POLY FECL3 14.7 82.9 0 ELLIOT SiL
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TABLE F,4 Icont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko maiko % % malka maiko malka molko CONTNT PROCESSING

229 2963 1422· 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
2::10 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
231 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 . 2ND TRTMNT. ANAEROBIC DIGESTION
232 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
233 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
234 . 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT;ANAEROBIC DIGESTION
235 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
236 2846 1311 4.2 5.5 305 . 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC D!GESTION
237 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT.· ANAEROBIC DIGESTION
238 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
239 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
240 2846 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
241 2848 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
242 2846 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
243 2846 1311 :4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
244 2846 1311 4.2 5.5 .. 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
245 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
246 2846 1311 4.2 . 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
247 2848 1311 4.2 5.5 305 3.3 1169 47&9 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
248 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANA£ROBICDIGESTION
249 2846 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
250 2848 1311 :4.2 5;5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
251 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
252 2846 1311 4.2 : 5.5 305 3.3 1169 4769 0.03 : 2ND TRTMNT. ANAEROBIC DIGESTION
253 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
254 2848 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
255 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
256 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
257 2848 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
258 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
259 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
260 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
261 2846 1311 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIG£STION
262 2846 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
263 2846 1311 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
264 2846 1311 4.2 5.5 305 3.3 1169 4769 . 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
265 2846 1311 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
268 2846 1311 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABle 14 (00,",1.)

SLUDGE SLUDGE SLUDGE SLUO'GE
LITERATURE PUNT SLUDGE VOtSOUos AI C. Cd

CITATION NAME CUtTIVAR pH % % % maiko

229 HiI'N'ESLY 1985 CORN 3.4 263
230 HIIINIESLY 118'5 CORN 3.4 283
231 HliN'ESLY 15115 CORN 3.4 283
232 HiINESLY 11185 CO'RN 3.4 283
233 HIN'ESLY 1985 CORN 3.2 285
234 HIINESLY 1986 CORN 3.2 285
235 H'I'NESLY 1985 CORN 3.2 285
230 HiINESLY 15185 CORN 3.2 285
237 HINESLY 1985 CO'RN 3.2 265
238 HINESLY 1985 CORN 3.2 265
239 HINESLY 1985 CORN 3.2 265
240 HINESLY 1985 CORN 3.2 265
241 HINESLY 1985 CORN 3.2 265
242 HINESLY 1985 CORN 3.2 265
243 HINESLY 1985 CORN 3.2 285
244 HINESLY 1985 CORN 3.2 265
245 HINESLY 1985 CORN 3.2 285
248 HiINESLY 1985 CORN 3.2 265
247 HINESLY UteS CORN 3.2 255
248 HINESLY 1985 CORN 3.2 285
249 HINESLY 1985 CO'RN 3.2 265
250 HINESLY 1985 CO'RN 3.2 265
251 HINESLY 1985 CO'RN 3.2 285
252 H'INESLY 1985 CORN : 3.2 285
253 HINESLY 1985 CORN 3.2 265
254 HINESLY 1985 CORN 3.2 265
255 HINESLY 1985 CORN 3.2 285
258 HINESLY 1985 CORN 3.2 265
257 HiINESLY 1985 CORN 3.2 285
258 HINESLY 1985 CORN 3.2 285
259 HINESLY 1985 CORN 3.2 285
280 HINESLY 1985 CORN 3.2 285
281 HINESLY 1985 CORN 3.2 285
282 HINESLY 1985 CORN 3.2 265
283 HINESLY 1985 CORN 3.2 265
264 HINESLY 1985 CORN 3.2 265
265 HINESLY 1985 CORN 3.2 265
266 HINESLY 1985 CORN 3.2 265
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TABLE F-4 (cont.1

LOCATiON
OF

STUDY

191 JOLIET, ILLINOIS
192 JOLIET. ILLINOIS
193 JOLIET. ILLINOIS
194 JOLIET. ILLINOIS
195 JOLIET. ILLINOIS
196 JOLIET. ILLINOIS
197 JOLIET. ILLINOIS
198 JOLIET. ILLINOIS
199 JOLl'ET. ILLINOIS
200 JOLIET. ILLINOIS
201 JOLIET. ILLINOIS
202 JOLIET. ILLINOIS
203 JOLIET. ILLINOIS
204 JOLIET. ILLINOIS
205 JOLIET. ILLINOIS.. 206 JOLIET. ILLINOIS
207 JOLIET, ILLINOIS
208 JOLIET. ILLINOIS
209 JOLIET. ILLINOIS
210 JOLIET. ILLINOIS
211 JOLIET. ILLINOIS
212 JOLIET. ILLINOIS
213 JOLl'ET. ILLINOIS
214 JOLIET. ILLINOIS
215 JOLIET. ILLINOIS
216 JOLl'ET. ILLINOIS
217 JOLIET. ILLINOIS
218 JOLIET. ILLINOIS
219 JOLIET. ILLINOIS
220 JOLl'ET. ILLINOIS
221 JOLIET. ILLINOIS
222 JOLIET. ILLINOIS
223 JOLIET, ILLINOIS
224 JOLIET. ILLINOIS
225 JOLIET. ILLINOIS
226 JOLIET. ILLINOIS
227 JOLIET. ILLINOIS
228 JOLIET ILLINOIS
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TABLE F-4 (cant.1

YIELD YIELD
REDUCTION COMPONENT METAL

"" MEASURED PHYTOTOXICITY COMMHJTS

191 0 STOVER NO
192 0 STOVER NO
193 0 STOVER NO
194 0 STOVER NO
195 0 STOVER NO
196 0 STOVER NO
197 0 STOVER NO
198 0 STOVER NO
199 0 STOVER NO
200 0 STOVER NO
201 .. STOVER NOv

202 0 STOVER NO
203 NA STOVER NO
204 0 STOVER NO
205 0 STOVER NO
208 0 STOVER NO

..
207 0 STOVER NO
208 0 STOVER NO
209 0 STOVER NO
210 0 STOVER NO
211 0 STOVER NO
212 0 STOVER NO
213 NA STOVER NO
214 : 0 STOVER NO : :

215 0 STOVER NO
218 0 STOVER NO
217 0 STOVER N'O
218 0 STOVER NO
21. 0 STOVER NO
220 0 STOVER NO
221 0 STOVER NO
222 0 STOVER NO
223 NA STOVER N,O
224 0 STOVER NO
225 0 STOVER N'O
228 0 STOVER N'O
227 0 STO'VER N'O
221 0 STOVER N'O -
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TABLE F-4 (cont.l

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT mlllkil malka SAMPLED EXPERIMENTAL DESIGN % MEASURED
:

191 HCL·HF 428 212 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
192 HCL·HF &51 148 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
193 HCL·HF 40 22 LEAF SLUDGE. FIELD. MATURITY NA GRAIN
194 HCL·HF 30 14 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
195 HCL·HF 33 18 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
196 HCL·HF 23 19 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
197 HCL·HF 33 24 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
198 HCL·HF 21 24 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
199 HCL·HF 24 15 LEAF SLUDGE. FIELD, MATURITY 0 GRAIN
200 HCL·HF 35 20 LEAF , SLUDGE. FIELD. MATURITY 0 GRAIN
201 HCL·HF 61 31 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
202 HCL·HF 68 28 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
203 HCL·HF 130 70 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
204 HCL·HF 70 46 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
205 HCL·HF 102 66 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
206 HCL·HF 158 43" LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
207 HCL·HF I 104· 315 LEAF I SLUDGE. FIELD. MATURITY 0 GRAIN
208 HCL·HF 104 44 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
209 HCL·HF 93 30 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
210 HCL·HF 137 45 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
211 HCL·HF 143 73 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
212 HCL·HF 129 42 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
213 HCL·HF 244 111 LEAF , SLUDGE. FIELD. MATURITY NA GRAIN
214 HCL·HF 117 80 LEAF : : SLUDGE. FIELD. MATURITY 0 GRAIN :

216 HCL·HF 168 164 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
216 HCL·HF 175 103 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
217 HCL·HF 165 66 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
218 HCL·HF 139 90 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
219 HCL·HF 166 41 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
220 HCL·HF 199 51 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
221 HCL·HF 203 100 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
222 HCL·HF 139 52 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
223 HCL·HF 600 138 LEAF SLUDGE. FIELD. MATURITY NA GRAIN
224 HCL·HF 180 165 LEAF SLUDGE. FIELD. MATURITY 0 GFIAIN
225 HCL·HF 449 239 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
226 HCL·HF 248 143 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
227 HCL·HF 323 307 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
228 HCL·HF 374 513 LEAF SLUDGE FIELD MATURITY 0 GFIAIN
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

'" % % cmollka '" pH RATE (kallu!)

191 2.6 6.1 2167
192 3.2 6.1 2167
193 0.39 7.8 0
194 0.17 7.1 0
195 0.26 7.3 0
196 0.27 6.8 0
197 0.33 7.6 0
198 0.27 7.5 0
199 0.29 7.5 0
200 0.42 7.4 0
201 0.49 7.4 0
202 0.64 7.3 0
203 0.36 7.6 213
204 0.28 7.1 261
205 0.61 7.4 323
206 .. 0.91 7.3 323
207 0.56 7.4 323
208 0.58 7.1 323
209 0.45 7.5 323
210 0.34 7.7 323
211 0.47 7.4 323
212 0.83 7.4 323
213 0.58 ,7.5 425
214 : :0.44 6.9 521
215 0.81 7.1 645
216 0.95 6.8 645
217 0.75 7.1 645
218 0.96 7.1 645
2111 0.59 6.9 645
220 0.89 7 645
221 0.11 7.1 645
222 0.52 7.1 645
223 0.1 7.6 "50
224 0.6 6.6 1042
225 2.4 6•• 1210
226 1.15 e.5 1641
227 1.781 6.1 1194
211 1.915 e.2 2167
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TABLE F-4 (cont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Malhi Malha APPLICATN NAME NAME TEXTURE

191 CENT POLV• FECL3 • 0 428.3 3 ELLIOT SiL
192 CENT POLV FECL3 0 428.3 4 ELLIOT SIL
193 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
194 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
195 CENT POLV FECL3 0 0 NA PLAINFIELD LS
196 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
197 CENT POLY. FECL3 0 0 NA PLAINFIELD LS .
198 CENT POLV FECL3 0 0 NA PLAINFIELD LS
199 CENT POLV. FECL3 0 0 NA PlAINFIELD LS
200 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
201 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
202 CENT POLV. FECL3 0 0 NA PLAINFIELD LS
203 CENT POLV. FECL3 14.5 31.8 0 PLAINFIELD LS
204 CENT POLV. FECL3 11.1 42.9 0 PLAINFIELD LS
205 CENT POLV. FECL3 15.3 58.2 0 ~fLAINFIELD LS
206 CENT POLV. FECL3 0 . 58.2 1 PLAINFIELD LS
207 CENT POLY. FECL3 0 58.2 2 '. PLAINFIELD LS
208 CENT POLV. FECL3 0 58.2 3 PLAINFIELD LS
209 CENT POLY. FECL3 0 58.2 4 PLAINFIELD LS
210 CENT POLV. FECL3 0 58.2 5 PLAINFIELD LS
211 CENT POLV. FECL3 0 58.2 8 PLAINFIELD. LS
212 CENT POLV. FECL3 0 58.2 7 PLAINFIELD LS
213 CENT POLV. FECL3 29 63.8 '0 PLAINFIELD LS
214 CENTPOLV. FECL3 22.2 : 85.8 ~O PlAINFlE!-D LS.
215 CENT POLV. FECL3 30.8 116.4 0 PLAINFIELD LS
218 CENT POLV. FECL3 0 1·18.4 ·1 PLAINFIELD LS
217 CENT POLV. FECL3 0 118.4 2 PLAINFIELD LS
218 CENT POLY. FECL3 0 116.4 3 PlAINFIELD LS
219 CENT POLV. FECL3 0 118.4 4 PLAINFIELD LS
220 CENT POLV. FECL3 0 116.4 5 PLAINFIELD LS
221 CENT POLV. FECL3 0 118.4 8 PLAINFIELD LS
222 CENT POLV. FECL3 0 118.4 7 PLAINFIELD LS
223 CENT POLV. FECL3 57.8 127 0 PLAINFIELD LS
224 CENT POLY. FECL3 44.4 171.4 0 PLAINFIELD LS
225 CENT POLV. FECL3 81.1 232.5 0 PLAINFIELD LS
228 CENT POLV. FECL3 89.8 302.3 0 PLAINFIELD LS
227 CENT POLY. FECL3 54 358.3 0 PLAINFIELD LS
228 CENT POLY FECL3 72 428.3 0 PLAINFIELD LS
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TABLE F-4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE.
Cr . Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

molko maiko % % malka malka malka maiko CONTNT PROCESSING

191 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
192 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
193 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
194 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
195 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
196 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
197 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
198 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
199 2983 1422 4.5 5.9 316 3.5 1135 • 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
200 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION

20' 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC mGESTION
202 2983 1422 4.5' 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
203 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAERO,BIC DIGESTION
204 2983 1422 4.5 5.9 318 3.5 1135 5059· 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
205 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
208 2983 1422 4.5 5.9 "318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
207 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
208 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
209 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTIO,N
210 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTIO,N
211 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTM'NT. ANAEROBIC DIGESTION
212 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC mGESTION
213 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2"~D TRTMINT. ANAEROBIC DIGESTlO,N
214 2983 1422 4.5 5.9 318 3.5 1135 5059 : 0.03 2ND TRTMNT. ANAERO'BIC D'IGESTION
215 2983 1422 4.5 5.9 3UI 3.5 1135 5059 0.03 2ND TRTMINT. ANAERO'BI'C DmESTION
21& 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTM'NT. ANAERO'B·IC DIGESTION
217 2983 1422 4.5 5.9 3UI 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC OI'GESTION
218 2983 1422 4.5 5.9 31& 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC D'I'GESTION
218 29'83 1422 4.5 5.9 31& 3.5 1135 5059 0.03 2ND TRTMINT. ANAERO'BIC D'IGESTION
220 2983 1422 4.5 5.9 31& 3.5 1135 5059 0.03 2NO TRTMNT. ANAERO'BIC D'I,GESTION
221 29'lS3 1422 4.5 5.9 31& 3.5 1135 5059 0.03 2NI0 TRTMINT. ANAERO'BIC O,I'GESTION
222 29'lS3 1422 4.5 5.9 318 3.5 1135 50,59 0.03 2'NID TRTMNT. ANAERO'B1C O'!'GESTION
223 2983 1422 4.5 5.9 31& 3.5 1135 5059 0.03 2NI0 TRTMiNT. ANAERO'BIC O'IGESTION
224 29'83 1422 4.5 5•• 31& 3.5 1135 505S 0.03 2N'D TRTMNT. ANAEROB'!C O,IG,ESnON
225 2:SllS3 1422 4.5 5.- 31& 3.5 1135 5069 0.03 2NO TRTMNT. ANAEROBIC O!IG,ESnON
22& 2:Sl'!3 1422 4.5 5.9 318 3.5 1135 50,51 0.03 2NlD TRTMNT AN,AEROBIC OI'G,ESnON

227 29113 1422 4.5 5•• 31. 3.5 1135 50SS 0.03 1NO TRTMNT. ANAERO'B1C DtGESnON
228 23'83 1422 4.5 6.1 318 3.5 1135 5059 0.03 2NID TRTMNT ANAERO'BlC OIGesnoN
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TABLE F-4 (cont.)
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SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % maiko

191 HINESLY 1985 CORN 3.4 263
192 HINESLY 1985 CORN 3.4 263
193 HINESLY 1985 CORN 3.4 283
194 HINESLY 1985 CORN 3.4 263
195 HINESLY 1985 CORN 3.4 263
196 HINESLY 1985 CORN 3.4 263
197 HINESLY 1985 CORN 3.4 263
198 HINESLY1985 CORN 3.4 263
199 HINESLY 1985 CORN 3.4 263
200 HINESLY1985 CORN 3.4 263
201 HINESLY 1985 CORN 3.4 263
202 HINESLY 1985 CORN 3.4 263
203 HINESLY1985 CORN 3.4 263
204 HINESLY 1985 CORN 3.4 263
205 HINESLY 1985 CORN 3.4 263
208 HINESLY 1985 . CORN 3.4 263,
207 HINESLY 1985 CORN 3.4 263
208 HINESLY 1985 CORN 3.4 263
209 HINESLY1985 CORN 3.4 263
210 HINESLY 1985 CORN 3.4 283
211 HINESLY 1985 CORN 3.4 283
212 HINESLY 1985 CORN 3.4 283
213 HINESLY1985 CORN 3.4 263
214 , HINESLY 1985 CORN : 3.4 283 :
215 HINESLY 1985 CORN 3.4 263
218 HINESLY1985 CORN 3.4 283
217 HINESLY 1985 CORN 3.4 263
218 HINESLY 1985 CORN 3.4 283
219 HINESLY 1985 CORN 3.4 283
220 HINESLY 1985 CORN 3.4 263
221 HINESLY 1985 CORN 3.4 283
222 HINESLY 1985 CORN 3.4 283
223 HINESLY 1985 CORN 3.4 263
224 HINESLY1985 CORN 3.4 263
225 HINESLY1985 CORN 3.4 263
228 HINESLY1985 CORN 3.4 263
227 HINESLY 1985 CORN 3.4 263
228 HINESLY1985 CORN 3.4 263
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TABLE F-4 (cant.)

LOCATION
OF

STUDY

153 JOLIET, ILLINOIS
154 JOLIET. ILLINOIS
155 JOLIET. ILLINOIS
156 JOLIET. ILLINOIS
157 JOLIET. ILLINOIS
158 JOLIET. ILLINOIS
159 JOLIET. ILLINOIS
160 JOLIET, ILLINOIS
161 JOLIET. ILLINOIS
162 JOLIET. ILLINOIS
163 JOLIET. ILLINOIS
164 JOLIET. ILLINOIS
165 JOLIET, ILLINOIS
166 JOLIET. ILLINOIS
167 JOLIET. ILLINOIS
168 JOLIET. ILLINOIS
169 JOLIET. ILLINOIS
170 JOLIET. I'lUNOlS
171 JOLIET. ILLINOIS
172 JOLIET, ItUNOIS
173 JOLIET, ILLINOIS
174 JOLIET, ILLINOIS
175 JOLlET,ltUNOIS
176 JOUET.IWNO'IS
177 JOLIET. ILLINOiS
17111 JOUET, 1'lU'NOIS
179 JOLlET,IWNOIS
180 J'OUET IILLINO'IS
11111 J'OUET. 11'lUINO'IS
1a2 J,OUET, II'lUNOIS
183 JOUET.IWNO,IS
184 JOLIET IILUN,O'IS
185 J'OUET, 11'lUIN,mS
1a'6 J'OUET. 11'lUIN'O'IS
187 J'OUET, .'lUIN'O'I'S
188 J'OUET IWIN,OIS
1ail J'OUET IWlnO'lS
190 JOLIET .WIN'OIS
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TABLE F-4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

153 0 STOVER NO
154 0 STOVER NO
155 0 STOVER NO
156 0 -. STOVER NO
157 0 STOVER NO ,

158. 0 STOVER NO
159 0 STOVER NO
160 0 STOVER NO
161 0 STOVER NO
162 0 STOVER NO
163 NA STOVER NO
164 0 STOVER NO
165 0 STOVER NO
166 0 STOVER NO
167 0 STOVER NO
168 0 STOVER NO
169 0 STOVER NO .. ;

170 0 STOVER NO
171 0 STOVER NO
172 0 STOVER NO
173 NA STOVER NO
174 0 STOVER NO
175 0 STOVER NO
176 0 STOVER NO : :

177 0 STOVER NO
178 0 STOVER NO
179 0 STOVER NO
180 0 STOVER NO
181 0 STOVER NO
182 0 STOVER NO
183 NA STOVER NO
184 0 STOVER NO
185 0 STOVER NO
188 0 STOVER NO
187 0 STOVER NO
18B 0 STOVER NO
189 0 STOVER NO
190 0 STOVER NO
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TABLE F-4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

153 HCL-HF 64 '51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
154 HCL-HF 81 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
155 HCL-HF 75 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
156 HCL·HF 75 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
157 HCL·HF 73 29 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
158 HCL-HF 70 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
159 HCL-HF 66 16 LEAF SLUDGE, FIELD; MATURITY 0 GRAIN
160 HCL-HF 79 19 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
161 HCL·HF 80 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
162 HCL-HF 84 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
163 HCL·HF 127 105 LEAF SLUDGE, FIELD, MATURITY . 0 GRAIN
164 HCL·HF 136 67 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
165 HCL·HF 132 40 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
166 HCL·HF 185 63· LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
167 HCL·HF 152 68 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
168 HCL·HF 143 38 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
169 HCL·HF 151 37 .. LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
170 HCL·HF 187 30. LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
171 HCL·HF 144 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
172 HCL·HF 187 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
173 HCL·HF 226 124 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
174 HCL·HF 179 102 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
175 HCL·HF 207 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN

: 176 HCL·HF 228 64 : LEAF SLUDGE, FIELD, MATURITY 0 : GRAIN
177 HCL·HF 210 78 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
178 HCL·HF 214 46 LEAF SLUDGE, FIELD, MATURiTY 0 GRAIN
179 HCL·HF 200 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
180 HCL·HF 263 27 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
181 HCL·HF 196 67 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
182 HCL·HF 184 56 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
183 HCL·HF 418 168 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
184 HCL·HF 259 187 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
185 HCL·HF 315 147 LEAF . SLUDGE, FIELD, MATURITY 0 GRAIN
186 HCL·HF 386 95 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
187 HCL·HF 375 205 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
188 HCL·HF 468 323 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
189 HCL·HF 582 193 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
190 HCL·HF 673 279 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % pH RATE (ka!hll)

153 1.64 7.6 0
154 1.61 6.8 0
155 1.54 7.2 0
156 1.53 7.2 0
157 1.54 7 0
158 1.51 7 0
159 1.58 7.4 0
160 1.54 7.2 0
.161 1.51 7 0 .
162 1.62 7 0
163 1.64 7.3 213
164 1.84 6.8 261
165 1.;4 i.i 323
166 2.18 7.1 323
167 1.86 7.2 323
168 1.67 7.2 323
169 .. 1.83 7.5 323
170 1.55 7.2 323
171 1.68 7 323
172 1.89 7.1 323
173 1.97 7.8 425
174 1.81 7 521
175 1.88 7.3 845
176 : : 2.21 7.3 645
177 1.99 7.4 645
178 1.89 7.3 645
179 1.94 7.4 645
180 1.72 7.4 645.
181 1.79 7.2 645
182 1.87 7.2 645
183 2.23 7.5 BOO
184 2.22 8.4 1042
185 2.28 8.5 1290
1815 2.81 8.6 HI-49
187 2.74 8.6 1894
18s 2.94 5.9 2167
18'9 3.92 5.9 2167
190 3.77 UI 2167
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TABLE F·4 (cont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Me/he Mg/ha APPLICATN NAME NAME TEXTURE

153 CENT POLY, FECL3 0 0 NA ELLIOT SiL
154 CENT POLY, FECL3 '0 0 NA ELLIOT SiL
155 CENT POLY, FECL3 0 0 NA ELLIOT SiL
156 CENT POLY, FECL3 0 0 NA ELLIOT SiL
157 CENT POLY, FECL3 0 0 NA ELLIOT SiL
158 CENT POLY, FECL3 0 0 NA ELLIOT SiL
159 CENT POLY, FECL3 0 0 NA ELLIOT SiL
160 CENT POLY, FECL3 0 0 NA . ELLIOT SiL
161 CENT POLY, FECL3 0 0 NA ELLIOT SiL
162 CENT POLY, FECL3 0 0 NA ELLIOT SiL
163 CENT POLY, FECL3 14.5 31.8 0 ELLIOT SiL
164 CENT POLY, FECL3 11.1 42.9 0 ELLIOT SiL
165 CENT POLY, FECL3 15.3 58.2 0 ELLIOT. SiL
166 CENT POLY, FECL3 0 58.2 1 ELLIOT SI\.
167 CENT POLY, FECL3 0 58.2 2 ELLIOT SiL
168 CENT POLY, FECL3 0 58.2 3 ELLIOT SiL
169 CENT POLY, FECL3 0 ,58.2 4 ELLIOT SiL
170 CENT POLY, FECL3 0 58.2 5 ELLIOT SiL
171 CENT POLY, FECL3 0 58.2 6 ELLIOT SiL
172 CENT POLY, FECL3 0 58.2 7 ELLIOT SiL
173 CENT POLY, FECL3 29 63.6 0 ELLIOT SiL
174 CENT POLY, FECL3 22.2 85.8 0 ELLIOT SiL
175 CENT POLY, FECL3 30.6 116.4 0 ELLIOT SiL
176 CENT POLY, FECL3 0 : 116.4 1 : ELLIOT SiL
177 CENT POLY, FECL3 0 116.4 2 ELLIOT SiL
178 CENT POLV, FECL3 0 116.4 3 ELLIOT SiL
179 CENT POLY, FECL3 0 116.4 4 ELLIOT SiL
180 CENT POLY, FECL3 0 116.4 5 ELLIOT SiL
181 CENT POLY, FECL3 0 116.4 6 ELLIOT SiL
182 CENT POLY, FECL3 0 116.4 7 ELLIOT SiL
183 CENT POLY, FECL3 57.8 127 0 ELLIOT SiL
184 CENT POLY, FECL3 44.4 171.4 0 ELLIOT SiL
185 CENT POLY, FECL3 61.1 232.5 0 ELLIOT SiL
186 CENT POLY, FECL3 69.8 302.3 0 • ELLIOT SiL
187 CENT POLY, FECL3 54 356.3 0 ELLIOT SiL
188 CENT POLY, FECL3 72 428.3 0 ELLIOT SiL
189 CENT POLY, FECL3 0 428.3 1 ELLIOT SiL
190 CENT POLY FECL3 0 428.3 2 ELLIOT SiL
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TABLE F-4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

mglko mglko % % malka maiko maiko molka CONTNT PROCESSING

153 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
154 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
155 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
156 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
157 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
158 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
159 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
160 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION

. 161 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
162 2963 ·1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION
163 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
164 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
165 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
166 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
167 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
168 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
169 2963 1422 4.5 5.9 316. 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
170 2963 1422 4.5 5.9 316 3.5 1135 5059. 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
171 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
172 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC'DIGESTION
173 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
174 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
175 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
178 2983 1422 : 4.5 5.9 316 3.5 1135 5059 ,0.03 2ND TRTMINT, ANAEROBlC'DIGESTION
177 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND.TRTMNT, 'ANAEROBIC DIGESTION
178 2963 1422 4.5 5.9 318 . 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
179 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
180 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
181 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMINT, ANAEROBIC DIGESTION
182 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMiNT, ANAEROBIC DIGESTION
183 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2N'D TRTMINT, AHAERO'BlC D'IGESTIO'N
184 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2NID TRTMNT. ANAEROBIC D,IGESTION
185 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROmC D'IGESTION
188 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMiNT. ANAERO'B1C D'!IGESTIO'N
187 29'63 1422 4.5 5.9 318 3.5 1135 5059 0.·03 2NID TRTMINT, AN,AERO'B1iC DlllGESnON
18a 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03. 2ND TRTMNT. ANAEROBIC Dl'GESnON
189 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2N'D TRTMNT, ANAERO'B1tC D'IIGESTION
190 29153 1422 4.5 5.9 318 3.5 1135 50'59 0.03 2N'D TRTMINT ANAERO'B1tC D,IGESnO'N
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI Ce Cd
CiTATION NAME CULTIVAR nH % % % malka

153 HINESLY 1985 CORN 3.4 263
154

-
263HINESLY 198~ CORN 3.4-- - I

155 -' : ' HINESLY 19E.i!l CORN .. 3.4 263
'.56 HINESLY 1985 CORN 3.4 263
157 HINESLY 1985 CORN 3.4 263
158 HINESLY 1985 CORN' 3.4 263
159 HINESLY 1985 CORN 3.4 263
160 HINESLY 1985 CORN 3.4 263
161 HINESLY,1985 CORN 3.4 263
162 HINESLY 1985 CORN 3.4 263
163 HINESLY 1985 CORN 3.4 263
164 HINESLY 1985 CORN 3.4 263
165 HINESLY 1985 CORN 3.4 263
166 HINESLY 1985 CORN 3.4 263
167 HINESLY 1985 CORN 3.4 263

168 HINESLY 1985 CORN 3.4 263
169 HINESLY 1985 .. CORN 3.4 263
170 HINESLY 1985 CORN i : 3.4 263
171 \ HINESLY 1985 CORN 3.4 263
172 HINESLY 1985 CORN 3.4 263
173 HINESLY 1985 CORN 3.4 263
174 HINESLY 1985 CORN 3.4 263

175 HINESLY 1985 CORN 3.4 263

176 : HINESLY 1985 CORN : 3.4 263 :
177 HINESLY 1985 CORN 3.4 263

178 HINESLY 1985 CORN ~ 3.4 263

179 HINESLY 1985 CORN 3.4 263

180 HINESLY 1985 CORN 3.4 263

181 HINESLY 1985 CORN 3.4 263

182 HINESLY 1985 CORN 3.4 263

183 HINESLV 1985 CORN 3.4 263

184 HINESLY 1985 CORN 3.4 263

185 HINESLY 1985 CORN 3.4 263

186 HINESLY 1985 CORN 3.4 263

187 HINESLY 1985 CORN 3.4 263

188 HINESLY 1985 CORN 3.4 263

189 HINESLY 1985 CORN 3.4 263

190 HINESLY 1985 CORN 3.4 263
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TABLE F-4 (cant.)

LOCATION
OF

STUDY

115 JOLIET, ILLINOIS
116 JOLIET, ILLINOIS
117 JOLIET, ILLINOIS
118 JOLIET, ILLINOIS
119 JOLIET, ILLINOIS
120 JOLIET, ILLINOIS
121 JOLIET, ILLINOIS
122 JOLIET, ILLINOIS
123 JOLIET, ILLINOIS
124 JOLIET, ILLINOIS
125 JOLIET, ILLINOIS
126 JOLIET, ILLINOIS
12; JOLIET, ILLINOIS
128 JOLIET, ILLINOIS
129 JOLIET, ILLINOIS
130 JOLIET, ILLINOIS
131 JOLIET, ILLINOIS
132 JOLIET, ILLINOIS
133 JOLIET, ILLINOIS
134 JOLIET, ILLINOIS
135 JOLIET, ILLINOIS
136 JOLIET, ILLINOIS
137 JOUET, ILLINOIS
138 JOLIET, ILLINO'IS
139 JOLIET, ILLINOIS
140 JOUET, ILLINOIS
141 JOUET, ILLINOIS
142 JOLlET,IUlNOIS
143 JOLIET, ILLINOIS
144 JOUET,ILLlNOIS
145 JOLIET, ILLlNQilS
146 JOUET, IWNO'IS
147 JOUET, IIlUNOI:S
149 JOUET, I'LUNO,IS
149 JOUET, ~WjNOII:S

150 JOUET, IIWIN'O'IS
151 J'OUET,llUN'O'I:S
152 J'OUET IIWINO,IS
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TABLE F·4 lcont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

115 0 STOVER NO
116 0 STOVER NO
117 0 STOVER NO
118 0 STOVER NO
119 0 STOVER NO
120 0 STOVER NO
121 0 STOVER NO
122 0 STOVER NO
123 NA STOVER NO
124 0 STOVER NO
125 0 STOVER NO
126 0 STOVER NO
127 0 STOVER NO
128 0 STOVER NO
129 0 STOVER NO
130 0 STOVER NO
131 0 STOVER NO ..
132 0 STOVER NO
133 NA STOVER NO ,

134 0
..'

STOVER NO
135 0 STOVER NO
136 0 STOVER NO
137 0 STOVER NO

: 138 0 STOVER ' NO : :

. 139 0 STOVER NO i

140 0 STOVER NO :

141 0 STOVER NO
142 0 STOVER NO
143 NA STOVER NO
144 0 STOVER NO
145 0 STOVER NO
146 0 STOVER NO
147 0 STOVER NO
148 0 STOVER NO
149 0 STOVER NO
150 0 STOVER NO
151 0 STOVER NO
152 0 STOVER NO

F-231



TABLE F-4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

115 HCL-HF 82 21 LEAF SLUDGE, FIELD, MATURITY 0 -GRAIN
116 HCL-HF 79 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
117 HCL-HF 84 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
118 HCL-HF 73 35 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
119 HCL-HF 66 21 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
120 HCL-HF 81 20 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
121 HCL-HF 89 32 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
122 HCL-HF 87 25 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
123 HCL-HF 138 80 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN .
124 HCL-HF 124 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
125 HCL-HF 130 47 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
126 HCL·HF 169 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
127 HCL-HF 143 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
128 HCL-HF 154 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
129 HCL-HF 147 22 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
130 HCL·HF 180 26 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
131 HCL-HF 134 46 .. LEAF SLUD'GE, FIELD, MATURITY 0 GRAIN
132 HCL·HF 159 34 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
133 HCL-HF 195 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
134 HCL·HF 167 85 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
135 HCL·HF 168 58 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
136 HCL·HF 270 55 LEAF SLUD'GE. FIELD. MATURITY 0 GRAIN
137 HCL·HF 201 63 LEAF SLUDGE, FIELD. MATURITY 0 GRAIIN

I 138 HCL·HF 200 38 : LEAF SLUD'GE. FIELD. MATURITY 0 I GRAIN
139 HCL·HF 215 33 LEAF SLUDGE, FIELD, MATURITY 0 . GRAIN
140 HCL·HF 267 . 25 LEAF SLUD'GE, FIELD, MATURITY 0 GRAIN
141 HCL·HF 178 50 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
142 HCL·HF 240 43 LEAF SLUD'GE, FIELD, MATURITY 0 GRAIN
143 HCL·HF 319 145 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
144 HCL·HF 257 108 LEAF SLUD'GE, FIELD, MATURITY 0 GRAIN
145 HCL·HF 327 112 LEAF SLUDGE, FIELD, MATURITY 0 GRAliN
1415 HCL·HF 451 113 LEAF SLUDGE, FIIELD, MATURITY 0 GRAIN
147 HCL·HF 314 84 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
148 HCL·HiF 319 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
149 HCL·HiF 351 45 LEA,F SLUDGE, FIELD, MATURITY 0 GRAIN
150 HCL·HF 379 34 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
151 HrCL·HF 2315 62. LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
152 HCL·HF 313 43 LEAF SLUDGE FIELD MATURITY 0 GRAIN
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TABLE F-4 (cort.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL . LOADING

% % % cmollkg % DH RATE (kglha)

115 0.94 7.6 0
116 0.93 7.6 0
117 0.92 7.8 0
118 0.87 7.5 0
119 0.9 7.6 0
120 0.88 7.5 '0

121 0.73 7.6 0
122 1 7.4 0
123 1.06 7.7 213
124 1.11 6.9 261
125 1.18 7.5 323
126 : 1.4 7;5 323
127 1.16 7.6 323
128 1.08 7.5 323
129 1.18 7.7 323
130 1.23 7.6 323
131 . 1.09 7.5 323
132 1.32 7.3 323
133 1.38 7.8 425
134 1.12 7 521
135 1.29 7.4 845
138 1.83 7.3 845
137 1.38 7.5 845
138 , , 1.34 7.2 845
139 1.6 7.4 645
140 1.31 7.3 645
141 1.54 7.1 645
142 1.62 7.1 645

. 143, 1.82 ' 7.6 850
144 1.83 6.8 1042
145 1.94 7.3 1290
148 2.5 7.2 1290
147 1.83 7.3 1290
148 1.88 7.2 1290
149 2.03 7.3 1290
150 1.6 7.1 1290
151 1.54 7.1 1290
152 1.84 7 1290
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TABLE F-4 (cant.)

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOil

STABILIZATN Ma/hs Ma/hs APPLICATN NAME NAME TEXTURE

115 CENT POLY, FECl3 0 0 NA BLOUNT SiL
116 CENT POLY, FECl3 0 0 NA BLOUNT Sil
117 CENT POLY, FECl3 0 0 NA BLOUNT Sil
118 CENT POLY, FECl3 0 0 NA BLOUNT Sil
119 CENT POLY, FECl3 0 0 NA BLOUNT Sil
120 CENT POLY, FECl3 0 0 NA BLOUNT Sil
121 CENT POLY, FECl3 0 0 NA BLOUNT Sil
122 CENT POLY, FECL3 0 0 NA BLOUNT Sil
123 CENT POLY, FECl3 14.5 31.8 0 BLOUNT Sil
124 CENT POLY, FECl3 11.1 42.9 0 BLOUNT Sil
125 CENT POLY, FECl3 15.3 58.2 0 BLOUNT Sil
126 CENT POLY, FECl3 0 58.2 1 BLOUNT Sil
127 CENT POLY, FEClS 0 58.2 2 BLOUNT SiL
128 CENT POLY, FECl3 0 58.2 3 BLOUNT Sil
129 CENT POLY, FECl3 0 58.2 4 BLOUNT Sil
130 CENT POLY, FECl3 0 58.2 5 BLOUNT Sil
131 CENT POLY, FECl3 0 .68.2 6 BLOUNT Sil
132 CENT POLY, FECL3 0 58.2 7 I BLOUNT Sil
133 CENT POLY, FECl3 29 63.6 0 BLOUNT Sil
134 CENT POLY, FECL3 22.2 85.8 0 BLOUNT Sil
135 CENT POLY, FECl3 30.6 116.4 0 BLOUNT Sil
136 CENT POLY, FECL3 0 116.4 1 BLOUNT Sil

137 CENT POLY, FECl3 0 116.4 2 BLOUNT Sil
138 CENT POLY, FECl3 0 : 116.4 3 BLOUNT SiL

139 CENT POlY,FECL3 0 116.4 4 BLOUNT SIL

140 CENT POLY, FECl3 0 116.4 5 BLOUNT Sil

141 CENT POLY, FECL3 0 116.4 8 BLOUNT Sil

142 CENT POLY, FECl3 0 116.4 7 BLOUNT Sil

143 CENT POLY, FECl3 57.8 127 0 BLOUNT Sil

144 CENT POLY, FECl3 44.4 171.4 0 BLOUNT Sil

145 CENT POLY, FECL3 81.1 232.5 0 • BLOUNT SIL

148 CENT POI.Y, FECL3 0 232.5 1 BLOUNT Sil

147 CENT PO'lY, FECl3 0 232.5 1 B:lOUNT SiL

148 CENT POllY, FCCL3 0 232.5 1 BLOUNT Si,L

149 CENT POLY, FECL3 0 232.5 1 BLOUNT S.il

150 CENT POLY, FCCL3 0 232.5 1 BLOUNT Sit
151 CENT PO'lY, FECL3 0 232.5 1 BLOUNT Sit

152 CENT POllY, FECL3 0 232.5 1 BLOUNT Sil
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TABLE F-4 (cont;,

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

115 2963 1422 4.5 5.9 316 3.5 1135 5059 . 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
116 2963 1422 4.5 5.9 316 --!,5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
117

~
2963 , 1,;2~-:- ,4.5 5.9 ' 316 3.~ ,1135 5059 ' 0.03 2ND TRTMNT, ANAEROBIC DIGESTION

118
--- ..

2963 1422' 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
119 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT,'ANAEROBIC DIGESTION
120 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
121 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
122 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
123 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
124 2963 1422 4.5 : 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
125 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
126 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGI.:STION
127 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
128 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
129 2983 1422 ' 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
130 2983 1422 4.5 5.9 318 3.5 1135 5059 ; 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
131 2983 1422 4.5 5.9 318'" 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
132 2983 1422 '4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
133 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
134 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
135 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
138 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
137 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
138 2963 1422 : 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION,
139 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
140 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
141 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
142 2983 1422 . 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
143 2983 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
144 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
145 2963 1422 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
146 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
147 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTiON

, 148 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
149 2963 1422 4.5 .5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANI\EROBIC DIGESTION
150 2983 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION
151 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03, 2ND TRTMNT, ANAEROBIC DIGESTION
152 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABlE F-4(oon1.)

SLUDGE SLUDGE SLUDGE SLUDGE
UTERATUiRE PLANT SLUDGE VOtSOUDS AI Co Cd

CITATION NAME CUlTIVAR DH % % % maJka

115 HINESlY 1985 CO'RN 3.4 263
116 HINESlY 1985 CO'RN 3.4 263
117 HIN,ESLY 1985 CORN 3.4 263
118 HINESLY 1985 CORN 3.4 263
119 HINESLY 1985 CORN 3.4 263
120 HINESLY 1985 CORN 3.4 263
121 HINESLY 1985 CORN 3.4 263
122 HINESLY 1985 CORN 3.4 263
123 HINESLY 1985 CORN 3.4 263
124 HINESLY 1985 CORN 3.4 263
125 HINESLY 1985 CORN 3.4 263
126 HINESLY 1985 CORN 3.4 263
127 HINESLY 1985 CORN 3.4 263
128 HINESLY 1985 CORN 3.4 263
129 HINESLY 1985 CORN 3.4 263
130 HINESLY 1985 CORN 3.4 263
131 HINESLY 1985 .. CORN 3.4 263
132 HINESLY 1985 CORN 3.4 263
133 HINESLY 1985 CORN 3.4 263
134 HINESLY 1985 CORN 3.4 263
135 HINESLY 1985 CORN 3.4 253
136 HINESLY 1985 CORN 3.4 263
137 HINESLY 1985 CORN 3.4 263
138 : HINESLY 1985 CORN : 3.4 263
139 HINESLY 1985 CORN 3.4 263
140 HINESLY 1985 CORN 3.4 263
141 HINESLY 1985 CORN 3.4 263
142 HINESLY 1985 CORN 3.4 263
143 HINESLY 1985 CORN 3.4 263
144 HINESLY 1985 CORN 3.4 263
145 HINESLY 1985 CORN 3.4 263
146 HINESLY 1985 CORN 3.4 263
147 HINESlY 1985 CORN 3.4 283
148 HINESLY 1985 CORN 3.4 263
149 HINESLY 1985 CORN 3.4 263
150 HINESLY 1985 CORN 3.4 263
151 HINESlY 1985 CORN 3.4 263
152 HINESLY 1985 CORN 3.4 263

F-226



TABLE F-4 (cant.)

LOCATION
OF

STUDY

77 MUSCLE SCHOALES, AL
78 MUSCLE SCHOALES, AL
79 MUSCLE SCHOALES, AL
80 MUSCLE SCHOALES, AL
81 MUSCLE SCHOALES, AL
82 MUSCLE SCHOALES, AL
83 MUSCLE SCHOALES, AL
84 MUSCLE SCHOALES, AL
85 MUSCLE SCHOALES, AL
86 MUSCLE SCHOALES, AL
87 MUSCLE SCHOALES, AL
88 MUSCLE SCHOALES, AL
89 MUSCLE SCHOALES, AL
90 MUSCLE SCHOALES, AL
91 MUSCLE SCHOALES, AL
92 MUSCLE SCHOALES, AL
93 MUSCLE SCHOALES, AL
94 MUSCLE SCHOALES, AL
95 MUSCLE SCHOALES, AL
96 MUSCLE SCHOALES, AL
97 MUSCLE SCHOALES, AL
98 MUSCLE SCHOALES, AL
99 MUSCLE SCHOALES, AL
100 MUSCLE SCHOALES, AL
101 MUSCLE SCHOALES, AL
102 MUSCLE SCHOALES, AL
103 MUSCLE SCHOALES, AL
104 MUSCLE SCHOALES, AL
105 MUSCLE SCHOAlES, AL
106 MUSCLE SCHOAlES, Al
107 MUSCLE SCHOALES, AL
108 MUSCLE SCHOALES, AL
109 MUSCLE SCHQAlES, AL
110 MUSCLE SCHOAlES, Al
111 MUSCLE SCHOALES, AL
112 MUSCLE SCHOALES, AL
113 JOLIET, ILLINOIS
114 JOLIET, ILLINOIS
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TABU: F-4 (cont.)

YIELD YIIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

77 NO
78 NO
79 NO
80 NO
81 NO
82 NO
83 -NO -NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS
84 NO
85 NO .
86 NO
87 NO
88 NO
89 -NO -NOT TESTED STATISTICALLY, MAY BE ATIRIBUTED TO WET SEASON/INSECTS
90 NO
91 NO
92 . NO
93 NO ~

94 NO
95 -NO -AUTHORS STATE YIELD REDUCTIONS'NOT ATIRIBUTABlE TO METALS
,96 NO
97 NO
98 NO
99 -NO -AUTHORS STATE YIELD REDUCTIONS NOT ATIRIBUTABLE TO METALS

: 100 NO : :

101 NO
102 NO
103 -NO -AUTHORS STATE YIELD REDUCTIONS NOT ATIRIBUTABLE TO.METALS
104 NO
105 NO
106 NO
107 NO
108 NO
109 NO
110 NO
111 NO .
112 NO
113 0 STOVER NO
114 0 STOVER NO
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TABLE F-4 (cant.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka mllika SAMPLED EXPERIMENTAL DESIGN % MEASURED

77 0.5 M HCL 89 113 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
78 0.5 M HCL 5 56 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
79 0.5 M HCL 97 53 . LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
80 0.5 MHCL 89 76 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
81 0.5 M HCL 5 61 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
82 0.5 M HCL 97 153 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
83 0.5 M HCL 89 130 LEAF FIELD, SLUDGE, MATURITY 25* EDIBLE PART
84 0.5 M HCL 5 36 LEAF FIELD, SLUDGE, MATURITY 0 EDIBL.E PART
85 0.5 M HCL 97 79 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
86 0.5 M HCL 89 61 LEAF FIELD, SI2UDGE, MATURITY 0 EDIBLE PART
87 0.5 M HCL 5 112 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
88 0.5 M HCL 97 233 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
89 0.5 M HCL 89 287 LEAF FIELD, SLUDGE, MATURITY 21.1- EDIBLE PART
90 0.5 M HCL 5 109 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
91 0.5 M HCL 97 166 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
92 0.5 M HCL 89 316 ! LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
93 .5 M HCL 2 54 • LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
94 •5MHCL 2.9 44 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
95 .5 M HCL 112.8 142 LEAF FIELD, SLUDGE, MATURITY 15.4- , TOTAL PLANT
98 .5 M HCL 74.2 131 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
97 .5 M HCL 2 71 , LEAF FIELD, SLUDGE, MATURITY 0 TOTAl. PLANT
98 .5 M HCL 2.9 64 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
99 .5 M HCL· 112.8 98 LEAF FIELD, SLUDGE, MATURITY 10* TOTAL PLANT

: 100 .5 M HCL 74.2 109 : LEAF FIELD, SLUDGE, MATURITY 0 : TOTAL PLANT
101 .5 M HCL 2 37 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
102 .5 M HCL 2.9 46 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
103 .5 M HCL 112.8 62 LEAF FIELD, SLUDGE, MATURITY 12.5* TOTAL PLANT
104 .5 M HCL 74.2 71 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
105 .5 M HCL 2 52 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
108 .5 M HCL 2.9 54 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
107 .5 M HCL 1,12.8 178 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
108 .5 M HCL 74.2 142 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
109 .5MHCL 2 48 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
110 .5 M HCL 2.9 , 88 LEAF FIELD, SLUDGE, MATURITY 0 TOTAL PLANT
111 .5 M HCL 112.8 121 LEAF FIELD, SLUDGI;, MATURITY 0 TOTAL PLANT
112 .5 M HCL 74.2 120 LEAF FIELD, SLUDGE, MATURln' 0 TOTAL PLANT
113 HCL·HF 72 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
114 HCL·HF 83 24 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
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TABle f.4 (collit.)

SANID SliLT CLAY SO'IL SO,liL CUMM Zn
CONTENT CONTENT CONTENT CEC OC sO,tL LOAOI:NG

% % % cmot/ka % DB RATE lkalhel

77 8.4 202
78 5.8 0
79 5.8 202
80 5.8 202
81 5.8 0
82 5.8 202
83 5.8 202
84 5.8 0

. 85 5.8 202
86 5.8 202
87 5.8 0
88 5.8 202
89 5.8 202
90 5.8 0
91 5.8 202
92 • 5.8 202
93 .. 5.1 0
94 I 5.1 0
95 5.1 403
96 5.1 403
97 5.1 0
98 5.1 0
99 5.1 403
100 : : 5.1 403
101 5.1 0
102 5.1 ·0
103 5.1 403
104 5.1 403
105 5.1 0
106 5.1 0
107 5.1 403
108 5.1 0403
109 5.1 0
110. 5.1 0
111 5.1 403
112 5.1 403
113 0.85 7.8 0
114 0.9 6.9 0
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TABLE F·4 (cant.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOil
CHEMICAL lOADNG RATE lOADNG RATE SINCE lAST TAXONOMIC SERIES SOil

STABlllZATN Maths Maths APPLICATN NAME NAME TEXTURE

77 112 112 0 SANGO Sil-78 . 0 " SANGO Sil--
---1! ", , ; 112 l2 : . 1 SANGO Sil

80 10 "

112 112 1 SANGO Sil
81 0 0 SANGO Sil
82 112 112 1 SANGO Sil
83 112 112 1 SANGO Gil
84 0 0 SANGO Sil
85 " 112 112 1 SANGO Sil
86 112 112 1 SANGO Sil
87 0 0 SANGO Sil
88 112 112 1 SANGO Sil
89 112 112 1 SANGO Sil
90 0 0 SANGO Sil
91 112 112 : 1 SANGO Sil
92 112 112 1 , SANGO Sil
93 0 .. 0 SANGO Sil
94 0 0 SANGO Sil
95 224 224 0 SANGO Sil
96 224 224 0 SANGO Sil
97 0 0 SANGO Sil
98 0 0 SANGO Sil
99 "224 224 0 SANGO Sil
100 224 : 224 0 : SANGO Sil
101 . 0 0 SANGO Sil
102 0 0 SANGO Sil
103 224 224 0 SANGO Sil
104 224 224 0 SANGO Sil
105 0 0 SANGO Sil
106 0 0 SANGO Sil
107 224 224 0 SANGO Sil
108 224 224 0 SANGO Sil
109 0 0 SANGO Sil
110 0 0 SANGO Sil
111 224 224 0 SANGO Sil
112 224 224 0 SANGO Sil
113 CENT POLY, FECl3 0 0 NA BLOUNT Sil
114 CENT POLY, FECl3 0 0 NA BLOUNT Sil
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TABLE 14 (<Xlnt.)

SLUD'GE SLUDGE SLUD'GE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fo N Nt P Pb Zn SOUDS BIOilOGICAL

maiko maiko % % mgJka malka man<o mo,lko CONTNT PROCESSING

77 400 520 1.5 2.1 40 1.3 1600 18'00
78
79 350 730 1.7 2.3 20 1.6 530 1800
80 400 520 1.5 2.1 40 1.3 1600 1800
81
82 350 730 1.7 2.3 20 1.6 530 1800
83 400 520 1.5 2.1 40 1.3 1600 1800
84
85 350 730 1.7 2.3 20 1.6 530 1800
86 400 520 1.5 2.1 40 1.3 1600 1800
87
88 350 730 1.7 2.3 20 1.6 530 1800
89 400 520 1.5 2.1 40 1.3 1600 1800
90
91 350 730 1.7 2.3 20 1.6 630 1800
92 400 520 1.5 2.1 40 1.3 1600 1800
93 350 730 1.7 2.3 2Q 16000 530 1800
94 350 730 1.7 2.3 20 16000 530 1800
95 350 730 1.7 2.3 20 16000 530 1800
96 350 730 1.7 2.3 20 16000 530 1800
97 350 730 1.7 2.3 20 16000 530 1800
98 350 730 1.7 2.3 20 16000 530 1800
99 350 730 1.7 2.3 20 16000 530 1800
100 350 730 1.7 2.3 : 20 16000 530 1800 :

101 350. 730 1.7 2.3 20 16000 ·530 1800
102 350 730 1.7 2.3 20· 16000 530 1800
103 350 730 1.7 2.3 20 16000 530 1800
104 350 730 1.7 2.3 20 16000 530 1800
105 350 730 1.7 2.3 20 16000 530 1800
106 350 730 1.7 2.3 20 16000 530 1800
107 350 730 1.7 2.3 20 16000 530 1800
108 350 730 1.7 2.3 20 16000 530 1800
109 350 730 1.7 2.3 20 16000 530 1800,
110 350 730 1.7 2.3 20 16000 530 1800
111 360 730 1.7 2.3 20 16000 530 1800
112 350 730 1.7 2.3 20 16000 530 1800
113 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION
114 2963 1422 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION
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TABLE F-4 (cont.)

. SLUDGE SLUDGE SLUDGE SLUDGE

LITERATURE PLANT SLUDGE VOL SOLIDS AI CO Cd
CiTATION NAME CULTIV,AR pH % % % malka

77 GIORDANO & MAYS 1977 KALE 6.1 1.7 '40
78 GIORDANO & MAYS 1977 OKRA
79 GIORDANO & MAYS 1977 OKRA 6.6 2.5 50
80 GIORDANO & MAYS 1977 OKRA 6.1 1.7 40
81 GIORDANO & MAYS 1977 PEPPER
82 GIORDANO & MAYS 1977 PEPPER 6.6 2.5 50
83 GIORDANO & MAYS 1977 PEPPER 6.1 1.7 40
84 GIORDANO & MAYS 1977 TOMATO
85 GIORDANO & MAYS 1977 TOMATO 6.6 2.5 50

.86 GIORDANO & MAYS 1977 TOMATO 6.1 1.7 40
87 GIORDANO & MAYS 1977 SQUASH
88 GIORDANO & MAYS 1977 SQUASH 6.6 2.5 50
89 GIORDANO & MAYS 1977 SQUASH 6.1 1.7 40
90 GIORDANO & MAYS 1977 LETTUCE '"
91 GIORDANO & MAYS 1977 , LETTUCE 6.6 2.5 50
92 GIORDANO & MAYS 1977 LmUCE 6.1 1.7 40
93 GIORDANO&MAYS 1977 '1..mUCE 6.6 2.5 50
94 GIORDANO&MAYS 1977 LmUCE 6.6 2.5 50
95 GIORDANO&MAYS 1977 LETTUCE, 6.6 2.5 ,50
96 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50
97 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50
98 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50
99 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50

100 : GIORDANO&MAYS 1977 PEPPER : 6.6 2.5 : 50
101 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50
102 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50
103 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50
104 GIORDANO&MAYS 1977 BEAN 6.6 2.5 50
105 GIORDANO&MAYS 1977 CORN 6.6 2.5 50
106 GIORDANO&MAYS 1977 CORN 6.6 2.5 50
107 GIORDANO&MAYS 1977 CORN 6.6 2.5 50
108 GIORDANO&MAYS 1977 CORN 6.6 2.5 50
109 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50
110 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50
111 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50
112 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50
113 HINESLY 1985 CORN 3.4 263
114 HINESLY 1985 CORN, 3.4 263
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TABLE 1=-4 (co,nt.)

LOCATION
OF

STUDY

39 MUSCLE SCHOALES, AL
40 MUSCLE SCHOALES, AL
41 MUSCLE SCHOALES, AL
42 MUSCLE SCHOALES, AL
43 MUSCLE SCHOALES, AL
44 MUSCLE SCHOALES, AL
45 MUSCLE SCHOALES, AL
46 MUSCLE SCHOALES, AL
47 MUSCLE SCHOALES, AL
48 MUSCLE SCHOALES, AL
49 MUSCLE SCHOALES, AL
50 MUSCLE SCHOALES, AL
51 MUSCLE SCHOALES, AL
52 MUSCLE SCHOALES, AL
53 MUSCLE SCHOALES, AL
54 MUSCLE SCHOALES, AL
5.5 MUSCLE SCHOALES, AL
56 MUSCLE SCHOALES, AL
57 MUSCLE SCHOALES, AL
58 MUSCLE SCHOALES, AL
59 MUSCLE SCHOALES, AL
60 MUSCLE SCHOALES, AL
61 MUSCLE SCHOALES, AL
62 MUSCLE SCHOALES, AL :

63 MUSCLE SCHOALES, AL
64 MUSCLE SCt-jOALES, AL
65 MUSCLE SCHOALES, AL
66 MUSCLE SCHOALES, AL
67 MUSCLE SCHOALES, AL
68 MUSCLE SCHOALES, AL
69 MUSCLE SCHOALES, AL
70 MUSCLE SCHOALES, AL
71 MUSCLE SCHOALES, AL
72 MUSCLE SCHOALES, AL
73 MUSCLE SCHOALES, AL
74 MUSCLE SCHOALES, AL
75 MUSCLE SCHOALES, AL
76 MUSCLE SCHOALES AL
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TABLE F-4 (cont.)

YIELD YIELD .'
REDUCTION CQMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

39 0 PODS NO
40 60,4- PODS " -NO -DOSE RESPONSE & TISSUE CONCENTRATION INCONSISTANT
41 0 PODS NO
42 0 PODS NO
43 37.5- PODS -NO -DOSE RESPONSE NOT CONSISTANT, PH<5.5
44 0 PODS NO
45 0 PODS NO
46 0 PODS NO
47 0 PODS NO
48 0 PODS NO
49 0 PODS NO
50 0 PODS NO
51 0 PODS -NO -DOSE RESPONSE & TISSUE ZN CONCENTRATION NOT CONSISTANT
52 0 PODS -NO -DOSE RESPONSE & TiSSUE ZN CONCENTRATION NOT CONSISTANT
53 0 PODS NO
54 0 PODS POSSIBLE SOIL PH<5.5, SLUDGE LOADING EXCEEDS AGRONOMIC RATES
55 36.8 PODS POSSIBLE

,
SOIL PH<5.5, SLUDGE LOADING EXCEEDS AGRONOMIC RATES

56 42.8 PODS POSSIBLE SLUDGE LOADING EXCEEDS AGRONOMIC RATES
57 NO
58 NO
59 -NO -NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS
60 NO
61 -NO -NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS
62 -NO : *NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASON/INSECTS
63 NO
64 NO "
65 -NO *NOT TESTED "STATISTICALLY. MAY BE ATTRIBUTED TO WETSEASON/INSECTS
66 NO
67 NO
68 NO
69 , NO .
70 NO
71 NO
72 NO
73 NO
74 NO
75 NO
76 NO I
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TABlE 1=-4 (con!..t

SO'lil Zn PLANTZn PlANT YIELD YIELD
SO,liL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION O'F R:EDUCTION COMPONENT

EXTRACTANT maiko malko SAMPLED EXPERIMENTAL D'ESI'GN % MEASURED

39 0.5 MHCI 75 230 VINES FIELD, SLUDGE, MATURITY 0 VINES
40 0.5MHCI 206 211 VI'NES FIELD, SLUDGE, MATURITY 0 VINES
41 0.5MHCI 7 53 VINES FIELD SLUDGE, MATURITY 0 VIN'ES
42 0.5MHCI 7 63 VINES FIELD, SLUDGE, MATURITY 0 VINES
43 0.5MHCI 20 282 VINES FIELD, SLUDGE, MATURITY 30.8- VINES
44 0.5MHCI 40 254 VINES FIELD, SLUDGE, MATURITY 0 VINES
45 0.5MHCI 62 296 VINES FIELD, SLUDGE, MATURITY 0 VINES
46 0.5MHCI 143 404 VINES FIELD, SLUD'GE, MATURITY 0 VINES
47 0.5MHCI 261 410 VINES FIELD, SLUDGE, MATURITY 0 VINES
48 0.5MHCI 774 338 VINES FIELD, SLUDGE, MATURITY 0 VINES
49 DTPA 2 42 " VINES FIELD, SLUDGE, MATURITY 0 VINES
50 DTPA 2 36 VINES FIELD, SLUD'GE, MATURITY 0 VINES
51 DTPA 9 128 VINES FIELD, SLUDGE, MATURITY 26.2- VINES
52 DTPA 19 141 VINES FIELD, SLUDGE, MATURITY 14.5- VINES-
53 DTPA 25 128 VINES FIELD, SLUD'GE, MATURITY 0 VINES
54 DTPA 69 304 VINES FIELD, SLUDGE, MATURITY 27 VINES
55 DTPA 77 325 VINES FIELD, SLUDGE, MATURITY 3& VINES
56 DTPA 157 308 VINES FIELD, SliUDGE, MATURITY 32.8 VINES
57 0.5 M HCL 5 40 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
58 0.5MHCL 97 179 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
59 0.5MHCL 89 95 LEAF FIELD, SLUDGE, MATURITY 14.3- EDIBLE PART
60 0.5MHCL 5 41 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
61 0.5MHCL 97 94 LEAF FIELD, SLUDGE, MATURITY 8.3- EDIBLE PART
62 0.5MHCL 89 : 55 LEAF FIELD, SLUDGE, MATURITY : 8;3- EDIBLE PART
63 0.5MHCL . 5 68 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
64 0.5 M HCL 97 143 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
65 . 0.5 MHCL 89 92 LEAF FIELD, SLUDGE, MATURITY 13- EDIBLE PART
66 0.5 M HCL 5 49 LEAF FIELD, SLUDGE, MATURITY . 0 EDIBLE PART
67 0.5MHCL 97 77 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
68 O.5MHCL" 89 "55 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
69 0.5MHCL 5 93 • LEAF . FIELD, SLUDGE, MATURITY 0 EDIBLE PART
70 O.5MHCL 97 233 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
71 O.5MHCL 89 226 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART
72. 0.5MHCL 5 52 LEAF FIELD, SLUDGE, MATURITY 0 ED'IBLE PART
73 0.5MHCL 97 194 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART

74 0.5MHCL 89 96 LEAF FIELD, SLUDGE, MATURITY 0 EDIBLE PART

75 0.5MHCL 5 33 LEAF FIELD, SLUDGE, MATURITY ·0 EDIBLE PART

76 0.5 MHCL 97 161 LEAF FIELD. SLUDGE MATURITY 0 EDIBLE PART
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmallka % pH RATE (kalhll)

39 5.6 360
40 '" , 5.6 720--
41 6.5 0

'42 '
..

~ 1-' I 6.5 0
43 5.2 90
44 5.6 180
45 , 5.9 360
46 . 6 270
47 5.9 540
48 6.3 1080
49 8.3 0
50 5.8 0
51 '5.5 90
52 5.7 180
53 , 8.1 360
54 5 360
55 5.3 720
58 5.7 1440
57 8.4 0
58 8.4 202
59 8.4 202
60 8.4 0
81 6.4 202
62 : : 8.4 202
83 8.4 0
84 8.4 202
65 8.4 202
66 8.4 0
67 8.4 202
68 6.4 202
69 8.4 0
70 6.4 202
71 6.4 202

. 72 6.4 0
73 6.4 202
74 6.4 202
75 6.4 0
76 6.4 202
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TABlE F-4 (oonU

SLUDGE ANNLSLUOGE CUMML SLUDGE YEARS SO,lil SOlil
CHEMICAL LOADNG RATE lOADNIG RATE SINiCELAST TAXONOMiC SERIIES SOIL

STABIUZATN Mathlll Mathll APPUCATN NAME NAME TEXTURE

39 100 200 0 SAN'GO SiL
.w 200 400 0 SANGO SiL
41 0 0 SANGO SiL
42 0 0 SANGO Sil
43 50 50 2 SANGO SIL
44 100 100 2 SANGO Sit
45 200 200 2 SANGO Sil
46 50 150 0 SANGO SIL
47 100 300 0 SANGO Sil
48 200 600 0 SANGO SiL
49 0 0 SANGO SiL
50 0 0 SANGO Sil
51 50 50 3 SANGO SiL
52 100 100 3 SANGO SiL
53 200 200 3 SANGO Sil
54 50 200 0 SANGO SiL
55 100 400 0 SANGO SiL
56 200 800 0 SANGO SiL
57 0 0 SANGO SiL
58 112 112 0 SANGO S"...
59 112 112 0 SANGO SiL
60 0 0 SANGO SiL .
81 112 112 0 SANGO Sil
62 : 112 112 0 : SANGO SiL
63 0 0 SANGO SiL
84 112 112 0 SANGO SiL
85 112 112 0 SANGO Sil
86 0 0 SANGO SiL
67 112 112 0 SANGO SiL
68 112 112 0 SANGO SiL
89 0 . 0 SANGO SiL
70 112 112 0 SANGO SiL
71 112 112 0 SANGO SiL
72 0 0 SANGO SiL
73 112 112 0 SANGO SiL
74 112 112 0 SANGO SiL
75 . 0 0 SANGO SiL
76 112 112 0 SANGO SiL
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TABLE F·4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Ph Zn SOLIDS BIOLOGICAL

malka maiko % % maiko malka malka malka CONTNT PROCESSING

39 400 520 1.5 2.1 40 1.3 1600 1800
40 400 520 1:5 2.1 40 1.3 1600 1800
41 400 520 1.5 2.1 40 1.3 1600 1800'

,42 400 520 1.,5 2.1 40 1.3 1600 1800
43 400 520 1.5 2.1 40 1.3 1600 1800
44 400 520 1.5 2.1 40 1.3 1600 1800
45 400 520 ' 1.5 2.1 40 1.3 1600 1800
46 400 520 1.5 2.1 40 1.3 1600 1800
47 400 520 1.5 2.1 40 1.3 1600 1800
48 400 520 1.5 2.1 40 1.3 1600 1800

·49 400 520 1.5 2.1 40 1.3 1600 1800
50 400 520 1.5 2.1 ' . 40 1.3 1600 1800
51 400 520 1.5 2.1 40 1.3 1600 1800
52 400 520 1.5 2.1 40 1.3 1600 1800
53 400 520 1.5 2.1 40 1.3 1600 1800
54 400 520 1.5 2.1 40 1.3 1600 1800
55 400 520 1.5 2.1 40 1.3 1600 1800
58 400 520 1.5 2.1 40 1.3 1600 1800
57
58 350 730 1.7 2.3 20 1.8 530 1800
59 400 520 1.5 2.1 40 1.3 1800 1800
80
81 350 730 1.7 2.3 20 1.8 530 1800
82 400 520 1.5 2.1: 40 1.3 1600 1800 :

83
84 350 730 1.7 2.3 20 1.8 530 1800
85 400 520 1.5 2.1 40 1.3 1800 1800
88
87 350 730 1.7 2.3 20 1.8 530 . 1800
88 400 520 1.5 2.1 40 1.3 1800 1800
89
70 350 730 1.7 2.3 20 1.8 530 1800
71 400 520 1.5 2.1 40 1.3 1800 ' 1800
72
73 350 730 1.7 2.3 20 1.8 530 1800
74 400 520 1.5 2.1 40 1.3 1600 1800
75
76 350 730 1.7 2.3 20 1.6 530 1800
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TABLE F-4 (oon,t.)

SWDGE SLUDGE SWDGE SLUDGE
LITERATURE PlANT SLUDGE VOtSOUDS Al Ca Cd

CITATION NAME CULTIVAR DH % % % maJka

39 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
40 GIORDANOlMAYS 1977 BIEANS WHITE HALF RUNNER 6.1 1.7 40
41 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
42. GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
43 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
44 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
45 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
46 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
47 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 4()

48 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
49 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
50 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
51 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

. 52 GIO'RDANO~MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
53 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
54 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 .1.7 40
55 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
56 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
57 GIORDANO & MAYS 1977 BEANS
58 GIORDANO & MAYS 1977 BEANS 6.6 2.5 50
59 . GIORDANO & MAYS 1977 BEANS /5.1 I, 1.7 40
60 GIORDANO & MAYS 1977 OKRA
61 GIORDANO II MAYS 1977 OKRA 15.6 2.5 50

: 62 GIORDANO II MAYS 1977 OKRA 6.1 : 1.7 40
63 GIORDANO II MAYS 1977 PEPPERS
64 GIORDANO II MAYS 1977 PEPPERS 6.6 2.5 50
65 GIORDANO II MAYS 1977 PEPPERS 6.1 . 1.7 40
66 GIORDANO II MAYS 1977 TOMATO
67 GIORDANO II MAYS 1971 TOMATO 6.6 2.5 50
68 GIORDANO II MAYS 1977 TOMATO 6.1 1.7 40
69 GIORDANO II M,AYS 1977 SQUASH
70 GIORDANO II MAYS 1977 SQUASH 6.6 2.5 50
71 GIORDANO II MAYS 1977 SQUASH 6.1 1.7 40
72 GIORDANO II MAYS 1977 TURNIP
73 GIORDANO II MAYS 1977 TURNIP 6.6 . 2.5 50
74 . GIORDANO II MAYS 1977 TURNIP 6.1 1.7 40
75 GIORDANO II MAYS 1977 KALE
78 GIORDANO II MAYS 1977 KALE 6.6 2.5 50
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TABLE F-4 (cant.)

LOCATION
OF

STUDY

1 MUSCLE SCHOALES, AL
2 MUSCLE SCHOALES, AL
3 MUSCLE SCHOALES, AL
4 MU.SCLE SCHOALES, AL
5 MUSCLE SCHOALES, AL
6 MUSCLE SCHOALES, AL
7 MUSCLE SCHOALES, AL.
8 MUSCLE SCHOALES, AL
9 MUSCLE SCHOALES, AL
10 MUSCLE SCHOALES, AL
11 MUSCLE SCHOALES, AL
12 MUSCLE SCHOALES, AL
13 MUSCLE SCHOALES, AL
14 MUSCLE SCHOALES, AL
15 MUSCLE SCHOALES, AL

. 16 MUSCLE SCHOALES, AL
17 MUSCLE SCHOALES,'AL
18 MUSCLE SCHOALES, AL
19 MUSCLE SCHOALES, AL
20 MUSCLE SCHOALES, AL
21 MUSCLE SCHOALES, AL
22 MUSCLE SCHOALES, AL
23 MUSCLE SCHOALES, AL
24 MUSCLE SCHOAlES, AL
25 MUSCLE SCHOALES, AL
26 MUSCLE SCHOALES, AL
27 MUSCLE SCHOALES, AL
28 MUSCLE SCHOALES, AL
29 MUSCLE SCHOALES, AL
30 MUSCLE SCHOALES, AL
31 MUSCLE SCHOALES, AL
32 MUSCLE SCHOALES, AL
33 MUSCLE SCHOALES, AL
34 MUSCLE SCHOALES, AL
35 MUSCLE SCHOALES, AL
36 MUSCLE SCHOALES, AL
37 MUSCLE SCHOALES, AL
38 MUSCLE SCHOALES AL
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TABILE F-4 (co"'t.~

YIIELD YIIELD
REDUCTt·O'N COMPO,NIENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

1 NO
2 N,O
3 NO
4 NO
5 NO
6 NO
7 NO
8 NO

'9 NO
10 NO
11 NO
12 NO
13 NO
14 NO
15 NO
18 NO
17 NO
18 NO I
19 NO
20 NO
21 NO
22 NO
23 *NO *YIELD REDUCTION NOT CONSISTANT WITH DOSE RESPONCE RELATIONSHIP
24 : NO :

25 NO
26 POSSIBLE ANNUAL LOADING EXCEEDS AGRONOMIC RATES SOIL PH<S.S
27 POSSIBLE ANNUAL LOADING EXCEEDS AGRONOMIC RATES, SOIL PH < 5.5
28 NO
29 0 PODS NO
30 17.7* . PODS *NO *TISSUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA
31 35.3* PODS *NO "TISSUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA
32 55* PODS *NO *TISSUE ZN CONCENTRATION NOT COMMENSURATE WITH PHYTOTOXICITY CRITERIA
33 0 PODS NO
34 0 PODS NO
35 25.4* PODS *NO *DOSE RESPONSE & TISSUE CONCENTRATION INCONSISTANT
36 0 PODS NO
37 28.5* PODS *NO *DOSE RESPONSE & TISSUE CONCENTRATION INCONSISTANT .
38 0 PODS NO
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TABLE F·4 (cant.)

1'- •
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SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION· OF REDUCTION COMPONENT

EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

1 0.5M HCI 4 41 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER·
2 0.5MHCI 29' 94 F"'RAGE FIELD. SLi )GE. MATURITY 0 STOVER-- .
3 ....: .;0.5 M Hel , . , : 53 95 F-L::AGE, FIELD. SLUDGE. MATURITY 0 STOVER
4 0.5MHCI ' .1" 93 '97 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
5 0.5 MHCI 6 47 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
6 0.5 M HCI 6 53 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
7 0.5 MHCI 18 153 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
8 0.5 MHCI 54 184 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
9 0.5MHCI 73 207 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
10 0.5 MHCI 68 225 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
11 0.5 MHCI 75 202 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
12 0.5 MHCI 206 241 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
13 0.5MHCI 7 28 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
14 0.5MHCI 7 28 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
15 0.5 M HCI 20 98 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
16 0.5 MHCI 40 94 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
17 0.5 MHCI 62 130 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
18 0.5 MHCI 143 172 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
19 0.5 MHCI 261 221 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
20 O,5MHCI 774 250 FORAGE . FIELD. SLUDGE. MATURITY 0 STOVER
21 DTPA 2 30 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
22 DTPA 2 46 FORAGE FIELD. SLUDGE. MATl:IRITY 0 STOVER
23 DTPA 9 130 FORAGE FIELD. SLUDGE. MATURITY 11.3- STOVER
24 DTPA 19 : 158 FORAGE FIELD. SLUDGE. MATURITY' 0 STOVER
25 DTPA 25 172 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
26 DTPA 69 313 FORAGE FIELD. SLUDGE. MATURITY 14.2 STOVER
27 DTPA 77 450 FORAGE FIELD. SLUDGE. MATURITY 17.6 STOVER
28 DTPA 157 400 FORAGE FIELD. SLUDGE. MATURITY 0 STOVER
29 0.5 M HCl 4 60 VINES FIELD. SLUDGE. MATURITY 0 VINES
30 0.5 MHCI 29 158 VINES FIELD. SLUDGE. MATURITY 0 VINES
31 0.5 M HCl 53 189 VINES FIELD. SLUDGE. MATURITY 0 VINES
32 0.5 MHCI 93 164 VINES FIELD. SLUDGE. MATURITY 0 VINES
33 0.5 MHCI 6 44 VINES FIELD. SLUDGE. MATURITY 0 VINES
34 0.5 MHCI 6 48 VINES FIELD. SLUDGE. MATURITY 0 VINES
35 0.5 MHCI 18 171 VINES FIELD. SLUDGE. MATURITY 0 VINES
36 0.5 M HCl 54 184 VINES FIELD. SLUDGE. MATURITY 0 VINES
37 0.5 MHCI 73 187 VINES FIELD. SLUDGE. MATURITY 0 VINES
38 0.5M HCI 68 225 VINES FIELD SLUDGE, MATURITY 0 VINES
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TABiLE F-4 (oant.)

SAND SIILT CLAY SOlt SOlt CUMM Zn
CONTENT CO'NTENT CONTENT CEC OC SOIIL LOAD,ING

% % % omollka % pH RATE tkalha)

1 4.9 0
2 5.3 90
3 5.3 180
4 5.6 360
5 4.9 0
6 4.9 0
7 5.3 90
8 5.3 180
9 5.6 360
10 5.6 180
11 5.6 360
12 5.6 720
13 6.5 0
14 6:5 0
15 5.2 90
16 5.6 180
17 5.9 360
18 6 270
19 5.9 540
20 e.3 1080
21 6.3 0
22 5.8 0
23 5.5 SO
24 : : 5.7 180 :

25 6.1 360
28 5 360
27 5.3 720
28 5.7 1440-29 4.S 0
30 5.3 S'O
31 5.3 180
32 5.6 360
33 - . 4.9 0
34 4.9 0
35 5.3 .90
38 5.3 180
37 < 5.6 360
38 5.6 180
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TABLE F-4 (cont.)

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Ma/ha Ma/ha APPLICATN NAME NAME" TEXTURE

1 0 0 SANGO SiL
2 50 50 0 SANGO SiL
3 100 100 0 SANGO SiL
4 200 200 0 SANGO SIL
5 0 0 SANGO SiL
6 0 0 SANGO SiL
7 50 50 1 SANGO SiL
8 100 100 1 SANGO SiL
9 200 200 1 SANGO SiL
10 50 100 0 SANGO SiL
11 100 200 . 0 SANGO SiL
12 200 400 0 SANGO SiL
13 0 0 SANGO SiL
14 0 0 SANGO SiL
15 50 50 2 SANGO SiL
16 100 100 2 SANGO SiL
17 200 200 2 SANGO SiL
18 50 150 0 SANGO SiL
19 100 300 0 SANGO SiL
20 200 600 0 SANGO SiL
21 0 0 SANGO SiL
22 0 a SANGO SiL
23 50 50 3 SANGO SiL
24 : 100 100 3 : SANGO SiL
25 200 200 3 SANGO SiL
26 50 200 0 SANGO SiL
27 100 400 0 SANGO SiL
28 200 800 0 SANGO SiL
29 0 0 SANGO SiL
30 50 50 0 SANGO SiL
31 100 100 0 SANGO SiL
32 200 200 0 SANGO SiL
33 0 0 SANGO SiL
34 0 0 SANGO SiL
35 50 50 1 SANGO SiL
36 100 100 1 SANGO SiL
37 200 200 1 SANGO SiL
38 50 100 0 SANGO SiL
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TABLE F-4 (c(lnt.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

mglkg mglkg % % malka malka malka malka CONTNT PROCESSING

1 400 520 1.5 2.1 40 1.3 1600 1800
2 400 520 1.5 2.1 40 1.3 1600 1800
3 400 520 1.5 2.1 40 1.3 1600 1800
4 400 520 1.5 2.1 40 1.3 1600 1800
5 400 520 1.5 2.1 40 1.3 1600 1800
6 400 520 1.5 2.1 40 1.3 1600 1800
7 400 520 1.5 2.1 40 1.3 1600 1800
8 400 520 1.5 2.1 40 1.3 1600 1800
9 400 520 1.5 2.1 40 1.3 1600 1800 .
10 400 520 1.5 2.1 40 1.3 1600 1800
11 400 520 1.5 2.1 40 1.3 1600 1800... 4CO 520 1.5 2.1 40 1.3 1600 1800,£

13 400 520 1.5 2.1 40 1.3 1600 1800
14 400 520 1.5 2.1 40 1.3 1600 1800
15 400 520 1.5 2.1 40 1.3 1600 1800
16 400 520 1.5 2.1 40 1.3 1600 1800
17 400 520 1.5 2.1 40 1.3 1600 1800
18 400 520 1.5 2.1 40 1.3 1600 1800
19 400 520 1.5 2.1 40 1.3 1600 1800
20 400 520 1.5 2.1 40 1.3 1600 1800
21 400 520 1.5 2.1 40 1.3 1600 1800
22 400 520 1.5 2.1 40 1.3 1600 1800
23 400 520 1.5 2.1 40 1.3 1600 1800
24 400 : 520 1.5 2.1 40 1.3 1600 : 1800
25 400 520 1.5 2.1 40 1.3 1600 1800
28 400 520 1.5 . 2.1 40 1.3 1600 1800
27 400 520 1.5 2.1 40 1.3 1600 1800 .
28 400 520 1.5 2.1 40 1.3 1600 1800
29 400 520 1.5 2.1 40 1.3 1800 18,00
3,0 400 520 1.5 2.1 40 1.3 1800 1800
31 400 520 1.5 2.1 40 '1.3 1800 1800
32 400 520 1.5 2.1 40 1.3 1800 18100
33 400 520 1.5 2.1 40 1.3 1800 lS00
34 400 520 1.5 2.1 40 1.3 1800 1100
35 400 520 1.5 2.1 40 1.3 1600 18100 .
38 400 520 1.5 2.1 40 1.3 1600 1800
37 400 520 1.5 2.1 40 1.3 1600 18'00
38 400 520 1.5 2.1 40 1.3 1600 1800
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TABLE F·4. ZINC DATA

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Cli Cd

CITATION NAME CULTIVAR pH % % .% maiko

1 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
2 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
3 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
4 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 "40

5 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
6 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
7 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
8 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
9 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
10 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
11 GIORDANO&MAYS 1977 CORN SILVER QUEEN" 6.1 1.7 40
12 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
13 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 .40
14 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
15 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 _ 40
16 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
17 GIORDANO&MAY$ 1977 CORN SILVER QUEEN 6.1 1.7 40
18 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
19 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
20 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
21 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 .. 1.7 40
22 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
23 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
24 : GIORDANO&MAYS 1977 CORN S.ILVER QUEEN . 6.1 1.7 ; 40
25 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
26 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
27 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
28 GIORDANO&MAYS 1977 CORN SILVER QUEEN 6.1 1.7 40
-29 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
30 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

31 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

32 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

33 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

34 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

35 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

36 GIORDANO&MAYS 1977 - BEANS WHITE HALF RUNNER 6.1 1.7 40

37 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40

38 GIORDANO&MAYS 1977 BEANS WHITE HALF RUNNER 6.1 1.7 40
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TABLE F·3 (cont.)

LOCATION
COMMENTS OF

STUDY

533 FULTON COUNTY, ILLINOIS
534 FULTON COUNTY, ILLINOIS
535 FULTON COUNTY, ILLINOIS
536 FULTON COUNTY, ILLINOIS
537 FULTON COUNTY, ILUNOIS
538 FULTON COUNTY, ILLINOIS
539 . ' FULTON COUNTY, ILLINOIS
540 FULTON COUNTY, ILLINOIS
541 FULTON COUNTY, ILLINOIS
542 FULTON COUNTY, ILLINOIS
543 FULTON COUNTY, ILLINOIS
544 FULTON COUNTY, ILLINOIS
545 FULTON COUNTY, ILLINOIS
546 FULTON COUNTY, ILLINOIS
547 FULTON COUNTY, ILLINOIS
548 FULTON COUNTY, ILLINOIS
549 FULTON COUNTY, ILLINOIS
550 I FULTON COUNTY, ILLINOIS
551 FULTO'N COUNTY, ILLINOIS
552 FULTON COUNTY, ILLINOIS
553 FULTON COUNTY ILLINOIS
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TABLE F-3(cont.1

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

533 NA GRAIN NA STOVER
534' 0 (:~AIN 0 SaVER
535 0 tiAIN . , 0 S'IOVER

I 536 0 GRAIN 0 STOVER
537 a GRAIN 0 STOVER
538 0 GRAIN 0 STOVER

·539 0 GRAIN a STOVER
540 0 GRAIN 0 STOVER
541 0 GRAIN 0 STOVER
542 43.7 GRAIN 0 STOVER
543 .23 GRAIN 0 STOVER
544 NA GRAIN NA STOVER
545 0 GRAIN 0 STOVER
546 0 GRAIN 0 STOVER
547 0 GRAIN 0 STOVER
548 0 GRAIN 0 STOVER
549 0 GRAIN 0 STOVER
550 0 GRAIN 0 STOVER
551 0 GRAIN 0 STOVER

,- 552 0 GRAIN 0 STOVER
553 59.2 GRAIN 0 STOVER
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TABLE F·3 (cont.)

SOIL SOIL CUMM Ni SOIL Ni PLANTNi PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % DH RATE (kalha) EXTRACTANT malka maiko SAMPLED

533 0.94 7.5 84 0.1 M HCI 12.9 0.6 LEAF FIELD, SLUDGE, MATURITY
534 1.56 7.5 100 0.1 M HCI 21.5 0.8 LEAF FIELD, SLUDGE, MATURITY
535 1.56 7.5 110 0.1 M HCI 23.9 3 LEAF FIELD, SLUDGE, MATURITY
536 1.04 7.5 126 0.1 M HCI 21.2 1.4 LEAF FIELD, SLUDGE, MATURITY
537 1.04 7.5 140 0.1 M HCI 24.9 2.8 LEAF FIELD, SLUDGE, MATURITY
538 1.48 7.5 . 154 0.1 M HCI 23.6 3.3 LEAF FIELD. SLUDGE. MATURITY
539 1.48 7.5 162 0.1 M HCI 22.5 1.3 LEAF FIELD. SLUDGE. MATURITY
540 2.15 7.5 170 0.1 M HCI 33.1 1.9 LEAF FIELD. SLUDGE, MATURITY
541 2.15 7.5 180 0.1 M HCI 25.8 0.7 LEAF FIELD, SLUDGE. MATURITY

·542 1.9 7.5 186 0.1 M HCI 31 1 LEAF FIELD, SLUDGE, MATURITY
543 1.22 7.5 148 0.1 M HCI 18.8 0.9 LEAF FIELD. SLUDGE. MATURITY
544 3.02 7.5 168 0.1 M HCI 18.8 0.9 LEAF FIELD. SLUDGE. MATURITY
545 3.02 '.5 200 0.1 M HCI 42.4 1.1 LEAF FIELD. SLUDGE. MATURITY
546 1.58 7.5 220 0.1 M HCI 39.9 3 LEAF FIELD. SLUDGE. MATURITY
547 1.58 7.5 252 0.1 M HCI 31.4 0.6 LEAF FIELD. SLUDGE, MATURITY
548 2.38 7.5 280 0.1 M HCI 44.8 2.3 LEAF FIELD. SLUDGE, MATURITY
549 2.38 7.5 308 0.1 MHCI 39.1 12 LEAF FIELD. SLUDGE. MATURITY
550 3.47 7.5 324 0.1 M HCI 47.4 "1.6 LEAF FIELD. SLUDGE, MATURITY
551 3.47 7.5 340 0.1 M HCI 49.3 1.9 LEAF ' FIELD. SLUDGE. MATURITY
552 2.77 7.5 360 0.1 M HCI 46.4 1.1 LEAF FIELD. SLUDGE, MATURITY
553 2.77 7.5 372 0.1 M HCI 43.8 1 LEAF FIELD. SLUDGE MATURITY

'. I '
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TABLE F·3 (cant.)

ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Mglha Mglha . APPLICATN NAME NAME TEXTURE

533 39.8 200.9 O' STRIP MINE SPOIL
534 34.8 235.7 0 STRIP MINE SPOIL
535 22.8 258.5 0 STRIP MINE SPOIL
536 34.9 293.4 0 STRIP MINE SPOIL
537 35.8 329.2 0 STRIP MINE SPOIL
538 33.6 362.8 0 STRIP MINE SPOIL
539 33.6 . 396.4 0 STRIP MINE SPOIL
540 33.6 430 0 STRIP MINE SPOIL
541 33.6 463.6 0 STRIP MINE SPOIL
542 33.6 497.2 0 STRIP MINE SPOIL
543 64.3 321.9 0 STRIP MINE SPOIL
544 79.7 401.6 0 STRIP MINE SPOIL
545 69.8 471.4 0 STRIP MINE SPOIL
546 45.5 516.9 0 STRIP MINE SPOIL
547 68.8 585.7 0 STRIP MINE SPOIL
548 71.7 657.4 0 STRIP MINE SPOIL
549 67.2 7.24.6 0 STRIP MINE SPOIL
550 67.2 791.8 0 STRIP MINE SPOIL
551 67.2 859 0 STRIP MINE SPOIL
552 67.2 926.2 0 STRIP MINE SPOIL
553 67.2 993.4 0 STRIP MINE SPOIL
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka maiko malka malka CONTNT PROCESSING STABILIZATN

533 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
534 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
535 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
536 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
537 4.3 4.5 425 " 3.42 850 3600 0.05 .SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
538 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
539 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON PO'LYMER,FECL3
540 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
541 2.2 0.5 116 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3 •
542 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
543 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECl3
544 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON PO'LYMER,FECL3
545 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
546 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

547 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER D'IGEST, LAGOON POLYMER,FECl3
548 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

549 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

550 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY, ANAER D'IGEST, LAGOON POLYMER,FECL3

551 2.2 0.5 116 0.87 293 1100 0.65 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

552 2.2 0.5 116 0.87 ", 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3

553 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY ANAER D'IGEST LAGOON POLYMER FECL3

F-200



TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR nH % % % maiko maiko maiko

533 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 ·1471
534 PIETZ ET AL. 1991 " CORN PIONEER 3517 7.6 46 1.4 3.3 265. 3505 1471
535 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
536 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
537 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
538 PIETZ ET AL. 1991 . CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
539 PIETZ ET AL.1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460
540 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460
541 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460
542 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454
543 PIETZ Eor AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
544 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
545 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265. 3505 1471
546 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
547 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
548 PIETZ ET AL. 1991 CORN· PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
549 PIETZ ET AL. 1991 ·CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
550 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460
551 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 460
552 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460
553 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454
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TABLE F-3 (cont.)

LOCATION
COMMENTS OF

STUDY

495 FULTON COUNTY, ILLINOIS
496 FULTON COUNTY, ILLINOIS
497 FULTON COUNTY, ILLINOIS
498 FULTON COUNTY, ILLINOIS
499 FULTON COUNTY, ILLINOIS
500 FULTON COUNTY, ILLINOIS
501 FULTON COUNTY, ILLINOIS
502 FULTON COUNTY, ILLINOIS
503 FULTON COUNTY, ILLINOIS
504 FULTON COUNTY, ILLINOIS
505 FULTON COUNTY, ILLINOIS
506 FULTON COUNTY, iLUNOIS
507 FULTON COUNTY, ILLINOIS
508 FULTON COUNTY, ILLINOIS
509 FULTON COUNTY, ILLINOIS
510 FULTON COUNTY, ILLINOIS
511 FULiON COUNTY, ILLINOIS
512 I FULTO'N COUNTY, ILLINOIS
513 FULTON COUNTY, ILLINOIS
514 FULTON COUNTY, ILLINOIS
515 FULTON COUNTY, ILLINOIS
5US FULTON COUNTY, ILLINOIS
517 FULTON COUNTY, ILLINOIS
518 : FULTON COUNTY, IWNOIS
519 FULTON COUNTY. IILUNOIS
520 FULTON COU!NTY.ILLliNOIS
521 FULTOIN COUNTY, I'LLIINOIS
522 FULTO,N COUNTY, tLLlINOIS
523 FUtTO,N COUNTY. ItuNOIS
524 FULTO,N COUNTY, I,LLI'NrO'IS
525 . • FULTO'N COUNTY, ItUNOIS
528 FU'LTON COUNTY.IWINO'IS
527 FUtTON COUNTY, IILLIINO'IS
528 FUtToN COUINTY, ItLlN'OIS
529 FULTON COUNTY, IILLIINrOil~S

530 FUrLTO'N COUNTY. ItUNOIS
531 FUiLTO'N COUNTY. ItUN'O'IS
532 FUILTO'N COUNTY IILLIIN'O'IS
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TABLE F-3 (cont.1

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

495 , 0 GRAIN 0 STOVER
496' 0 '"'RAIN 0 : "OVER-- '

497 0 JRAIN 0 STOVER
498 0 GRAIN 0 STOVER
499 0 GRAIN 0 STOVER
500 0 GRAIN 0 STOVER
501 0 GRAIN 0 STOVER
502 0 GRAIN 0 STOVER
503 0 GRAIN 0 STOVER
504 0 GRAIN· 0 STOVER
505 0 GRAIN 0 STOVER
506 0 GRAIN 0 STOVER
507 0 GRAIN 0 STOVER
508 0 GRAIN 0 STOVER
509 0 GRAIN 0 STOVER
510 0 GRAIN 0 STOVER
511 0 GRAIN 0 STOVER
512 a GRAIN 0 STOVER
513 0 GRAIN 0 STOVER
514 0 GRAIN 0 STOVER
515 a GRAIN a STOVER
518 0 GRAIN a . STOVER
517 0 GRAIN a STOVER
518 0 GRAIN: a STOVER
519 0 GRAIN a STOVER
520 0 GRAIN 0 . STOVER
521 29.5 GRAIN a STOVER
522 NA GRAIN NA STOVER
523 0 GRAIN a . STOVER
524 0 GRAIN 0 STOVER
525 0 GRAIN 0 STOVER
526 a GRAIN 0 STOVER
527 0 GRAIN 0 STOVER
528 0 GRAIN a STOVER
529 0 GRAIN a STOVER
530 0 GRAIN 0 STOVER
531 0 GRAIN a STOVER.
532 21.5 GRAIN a STOVER
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TABLE F-3 (cant.)

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % oH RATE (kalha) EXTRACTANT malka malka SAMPLED

495 12.6 0.33 7.8 0.8 0.1 M HCI 3.9 1.8 LEAF RELD, SLUDGE, MATURITY
496 12.6 0.27 .7.8 5.1 0.1 M HCI 5.4 0.8 LEAF FIELD, SLUDGE, MATURITY
497 12.6 0.41 7.8 11 0.1 M HCI 5.7 0.5 LEAF RELD, SLUDGE, MATURITY
498 12.6 0.41 7.8 18 0.1 M HCI 7.5 0.8 LEAF FIELD, SLUDGE, MATURITY
499 12.6 0.59 7.8 28 0.1 M HCI 5.3 0.7 LEAF FIELD, SLUDGE, MATURITY
500 12.6 0.35 7.8 1.6 0.1 M HCI 5.4 2.6 LEAF FIELD, SLUDGE, MATURITY
501 12.6 0.3 7.8 10.2 0.1 MHCI 5.7 0.7 LEAF RELD, SLUDGE, MATURITY
502 12.6 0.3 7.8 22 . 0.1 M HCI 8.3 0.8 LEAF FIELD, SLUDGE, MATURITY
503 . 12.6 0.5 7.8 36 0.1 M HCI 8.9 0.7 LEAF RELD, SLUDGE, MATURITY
504 12.6 0.5 7.8 56 0.1 M HCI 7.1 0.9 LEAF FIELD, SLUDGE, MATURITY
505 12.6 0.33 7.8 3.2 0.1 M HCI 4.8 1.6 LEAF FIELD, SLUDGE, MATURITY
506 12.6 0.33 7.8 20.4 0.1 M He! 6 0.5 LEAF FIELD, SLUDGE, MATURITY
507 12.6 0.76 7.S 44 0.1 M HCI 11.3 0.8 LEAF RELD, SLUDGE, MATURITY
508 12.6 0.76 7.8 72 0.1 M HCI 10.8 1.1 LEAF FIELD, SLUDGE, MATURITY
509 12.6 1.22 7.8 112 0.1 M HCI 13.2 0.9 LEAF FIELD, SLUD'GE, MATURITY
510 0.33 7.5 0 0.1 M HCI 7.9 0.8 LEAF FIELD, SLUDGE, MATURITY
511 0.44 7.5 0 0.1 M HCI 6 0.6 LEAF FIELD, SLUDGE, MATURITY
512 0.44 7.5 0 0.1 M HCI 7 0.6 LEAF RELD, SLUDGE, MATURITY
513 0.36 7.5 '0 0.1 M HCI 7.7 2.9 LEAF FIELD, SLUDGE, MATURITY
514 0.36 7.5 0 0.1 MHCI 9.1 0.9 LEAF RELD, SLUDGE, MATURITY
515 0.46 7.5 0 0.1 M HCI 7.6 1.8 LEAF FIELD, SLUDGE, MATURITY
518 0.46 7.5 0 0.1 MHCI 7.7 6 . LEAF RIELD, SLUDGE, MATURITY
517 0.73 7.5 0 0.1 MHCI 7.9 1.8 LEAF FlIELD, SLUDGE, MATURITY
518 0.73 7.5 0 0.1 M HCI : 9.4 1.5 LEAF FIELD, SLUDGE, MATURITY
519 0.7 7.5 0 0.1 M HCI 7.7 1.1 LEAF FJIELD, SLUDGE, MATURITY
520 0.7 7.5 0 0.1 MHCI 9.8 1.3 LEAF FlIELD, SLUDGE, MATURITY
521 0.59 7.5 37 0.1 M Hel 11.3 0.8 LEAF FlIELD, SLUDGE, MATUIRITY
522 0.94 7.5 42 0.1 MHCI .. 11.2 0.8 LEAF FlIELD, SLUDGE, MATURITY
523 0.94 7,5 50 0.1 MHCI 15.8 0.7 LEAF BELD, SLUDGE., MATURITY
524 0.87 7.5 55 0.1 M HCI 13.3 3.7 LEAF FlIELD, SLUDGE, MATURITY
525 0.87 7.5 83 0.1 MHCI • 9.8 1.9 LEAF FlIELD. SLUDGE, MATURITY
528 0.87 7.5 70 0.1 MHCI 15.2 2.8 LEAF FlIELD. SLUDG'E, MATU'RITY
527 0.B7 7.5 77 0.1 MHCI 12.9 5.2 LEAF F1IELO, SLUDG,E, MATUIRITY
529 1.41 7.5 81 0.1 M HCI 12.7 1.3 LEAF FlIELD, SLUDGE, MATURITY
529 1.41 7.5 85 0.1 MHCl 18.5 2.2 LEAF FlIELD, SWIDGiE, MATUIRITY
530 1.25 7.5 90 0.1 M HCI 18,4 0.9 LEAF FlIELD, SLUDGE, MATUIRITY
531. 1.25 7.5 93 0.1 MHCl 18.2 0.5 LEAf RELD, SLUDGE, MATUIRITY
532 0.94 7.5 74 0.1 MHCI 14.4 0.6 LEAF AELD SLUDGE, MATUR'ITY
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TABLE F-3 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST· TAXONOMIC SERIES SOIL % % %

Ma/he Mathe APPLICATN NAME NAME TEXTURE

495 3 3 STRIP MINE SPOIL
496 12.8 15.8 0 STRIP MINE SPOIL
497 12.4 28.1 0 STRIP MINE SPOIL
498 14.3 42.4 0 STRIP MINE SPOIL
499 19.5 61.9 0 STRIP MINE SPOIL
500 6 6 0 STRIP MINE SPOIL
501 25.5 31.5 0 STRIP MINE SPOIL
502 29.8 61.3 0 STRIP MINE SPOIL
503 28.6 89.9 0 STRIP MINE SPOIL
504 39 128.9 0 STRIP MINE SPOIL
505 11.9 11.9 0 STRIP MINE SPOIL
506 51 62.9 o· STRIP MINE SPOIL
507 59.6 122.5 0 STRIP MINE SPOIL
508 57.1 179.6 0 STRIP MINE SPOIL
509 78 257.6 0 STRIP MINE SPOIL
510 0 0 0 STRIP MINE SPOIL
511 0 . 0 0 STRIP MINE SPOIL
512 0 0 0 STRIP MINE SPOIL
513 0 0 0 STRIP MINE SPOIL
514 0 0 0 STRIP MINE SPOIL
515 0 0 0 STRIP MINE SPOIL
516 0 0 0 STRIP MINE SPOIL
517 0 0 0 STRIP MINE SPOIL
518 0 0 : 0 STRIP MINE SPOIL :

519 0 0 0 STRIP MINE SPOIL
520 0 0 0 STRIP MINE SPOIL
521 16.1 78 0 STRIP MINE SPOIL
522 19.9 97.9 0 STRIP MINE SPOIL
523 17.4 115.3 0 STRIP MINE SPOIL
524 11.4 126.7 0 STRIP MINE SPOIL
525 16.8 143.5 0 STRIP MINE SPOIL
526 17.9 161.4 0 STRIP MINE SPOIL
527 16.8 178.2 0 STRIP MINE SPOIL .
528 16.8 195 0 STRIP MINE SPOIL
529 16.8 211.8 0 STRIP MINE SPOIL
530 16.8 228.6 0 STRIP MINE SPOIL
531 16.8 245.4 0 STRIP MINE SPOIL
532 32.2 161.1 0 STRIP MINE SPOIL
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka mglka malka malka CONTNT PROCESSING STABILIZATN

495 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER,FECL3
496 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST, LAGOON POLYMER.FECL3
497 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER,FECL3
498 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
499 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
500 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST, LAGOON POLYMER,FECL3
501 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
502 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
503 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST, LAGOON POLYMER.FECL3 •
504 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON POLYMER.FECL3
505 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY,ANAER DIGEST, LAGOON POLYMER,FECL3
506 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON PO'LYMER,FECL3
507 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON .POLYMER,FECL3
508 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
509 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
510 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY, ANAER DIGEST, LAGOON POLYMER.FECL3
511 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
512 4.3 4.5 425 3.42 850 3600 0.054 SECONDARY, ANAER DIGEST, LAGOO'N POLYMER,FECL3
513 4:3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
'514 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
515 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
5HS . 4.3 4.5 425 3.42 850 3600 0.046 SECONDARY, ANAER D'IGEST, LAGOON POLYMER,FECL3
517 2.2 0.6 118 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON POLYMER,FECL3
518 2.2 : 0.6 118 0.87 293 1100 0.65 :SECONDARY, ANAER D'IGEST, LAGOON POLYMER,FEC.L3
619 2.2 0.6 118 0.87 293 1100 0.3 SECONDARY, ANAER D,I'GEST, LAGO'O'N POoLYMER,FECL3
520 1.9 0.5 121 . 0.82 259 1148 0.69 SECONDARY, ANAER DIGEST, LAGOON potYMIER.FECL3
621 4.3 4.5 425 3.42 850 3800 0.045 SECO,NIDA.RY, ANAER D,I'GEST, LAGOO'N • POLYMER,FECL3
522 4.3 4.5 425 3.42 850 3800 0.05 SECONDARY, ANAER DIGEST. LAGOON POLYMER,FECL3 •
523 4.3 4.5 425 3.42 850 3800 0.054 SECON,DARY, ANAER O,tGEST, LAGO'ON POLYMER FECL3
624 4.3 4.6 425 3.42 850 3800 0.052 SECO,NIDARY, ANAER D,I'GEST LAGOO'N POLYMER,FECL3
625 4.3 4.5 425 3.42 8'50 3l5OO 0.052 SECO'NDARY ANAER DIGEST. LAGO'O,N POLYMER,FECL3
528 4.3 4.5 42.5 3.42 850 3600 0.0'5 SECO'NDARY. ANAER D'I'GEST, LAGO'O'N PO'LYMER.FECL3
527 4.3 4.5 425 3.42 850 3800 0.048 SECO'NIDA.RY, ANAER D!IGEST, LAGO'O'N PO'LYMIER.FECL3
521 2.2 0.5 116 0.87 293 1100 0.88 SECO'NIDARY, ANAEft D'IGEST. LAGO'O'N PO'LYMEft FECL3
529 2.2 0.5 118 0.87 293 1100 0.65 SECO'NIDARY ANA,Eft DIGEST, LAGO'O'N • POLVMER,FECL3
530 2.2 0.5 118 0.87 2:93 1100 0.3 SECO'N'DARY ANAER Qi('GEST. LAGO,OIN POLYMIER,.FECL3
531 1.9 0.5 121 0.62 259 1148 0.69 SECo'N'DARY ANAER D'IGEST. LAGO'O'N potYM'ERFECL3
532 4.3 4.5 425 • 3.42 8'50 3800 0.045 g,ECO'NIDARV ANAER D'IGEST. LAGO'O,N PO'LVMER FECL3
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TABLE F·3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR DH % % % malka malka maiko

495 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 ,3505 1471
496 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
497 PIETZ ET AL. 1983 CORN PIONeER 3517 7.6 46 1.3 3.3 307 3505 1471
498 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3;3 307 3505 1471
499 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471
500 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
501 . PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
502 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471
503 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471
504 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471
505 . PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
506 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
507 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307· 3505 1471
508 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307 3505 1471
509 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307 3505 1471
510 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 4.6 1.4 3.3 265 3505 1471
511 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
512 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
513 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
514 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
515 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
516 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 180 3505 1471
517 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 ·20 3.1 0.71 71 775 480
518 PIETZ ET AL. 1991 : CORN PIONEER 3517 7.8 20 :3.1' 0.71 71 775 480
519 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 480
520 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.87 3.9 53 679 454
521 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 265 3505 1471
522 PIETZ ET AL. 1991 . CORN PIONEER 3517 7.8 46 1.4 3.3 265 3505 1471
523 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 .. 3.3 285 3505 1471
524 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 48 1.4 3.3 285 3505 1471
525 PIETZ ET AL. 1991 CORN PIONEER' 3517 7.6 46 1.4 3.3 265 3505 1471
526 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
527 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160 3505 1471
528 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 480
529 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71 775 480
530 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71 775 460
531 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.67 3.9 53 679 454
532 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265 3505 1471
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TABLE F-3 (cont.)

LOCATION
COMMENTS OF

STUDY

457 WOODTHORNE, U.K.
458 WOODTHORNE, U.K.
459 WOODTHORNE, U.K.
-460 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K.
461 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K.
462 WOODTHORNE, U.K.
463 WOODTHORNE, U.K.
464 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K.
465 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE, U.K.
466 MINNESOTA
467 MIN,NESOTA
468 MINNESOTA
469 MINNESOTA
470 MINNESOTA
471 MINNESOTA
472 MINNESOTA
473 MINNESOTA
474 I MINNESOTA
475 MINNESOTA
478 LEEDS, U.K.
477 LEEDS, U.K.
478 HIGH NI SLUDGE (5100 MGJKGIBLENDED WITH LOWER NI SLUDGE WAS USED LEEDS, U.K.
479 HIGH NI SLUDGE (5100 MGJKG)BLENDED WITH LOWER NI SLUDGE WAS USED LEEDS, U.K.
480 : : LEEDS, U.K.
481 LEEDS, U.K.
482 LEEDS, U.K.
483 LEEDS, U.K.
484

--;._'...... ~=~ ""..-.....-
LEEDS, U.K.

485 BI'GH NI SLUDGE (6100 MGJKG)BLENIDED WITH LOWER Nil SLUDGE WA~,.U"'·'· ..,.- LEEDS, U.K.
488 LEEDS, U.K.
487 . LEEDS, U.K•
488
489
490 FULTOIN COUINTY, lilllNOIS
411 FULTOIN COUINTY,lllliINOI:S
412 . FULTON CO'UiNTY lillNO'IS
4Sa FUiLTOIN COUNTY IllliIN'O'IS
o4SI4 FULTO'N COUNTY IllliINO'IS
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TABLE F-3 (cont.1

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

457 0 BULB NO
458 0 'EAF NO
459 0 ..•EAF NO

.' 460 30 LEAF POSSIBLE
461 . 96.3 LEAF POSSIBLE
462 0 LEAF NO
463 0 LEAF NO
464 23.7 LEAF POSSIBLE
465 28.4 LEAF POSSIBLE
466 0 GRAIN
467 0 GRAIN
468 0 GRAIN
469 0 GRAIN
470 0 GRAIN
471 0 GRAIN
472 0 GRAIN
473 0 GRAIN
474 0 GRAIN
475 O' GRAIN
476 0 TOTAL BIOMASS NO
477 0 TOTAL BIOMASS NO
478 48 TOTAL BIOMASS POSSIBLE
479 100 TOTAL BIOMASS POSSIBLE
480 : 0 TOTAL BIOMASS : NO
481 0 TOTAL BIOMASS NO
482 0 STALKS NO
483 0 STALKS NO
484 . 0 STALKS NO
485 70 STALKS POSSIBLE
486 0 STALKS NO
487 0 STALKS NO
488
489
490 0 GRAIN 0 STOVER
491 0 GRAIN 0 STOVER
492 0 GRAIN 0 STOVER
493 0 GRAIN 0 STOVER
494 0 GRAIN 0 STOVER
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TABLE F-3 (cont.)

r

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN
CEC OC SOl!. LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmoll1<a % DH RATE (kalha) EXTRACTANT mglka mgl1<g SAMPLED

457 1.2 7.2 1140 .5 MHOAC 68 NL SLUDGE. FIELD. MATURITY
458 1.2 6.5 0 .5MHOAC 4 NL SLUDGE. FIELD. MATURITY
459 1.2 6.5 285 .5 M HOAC 36 NL SLUDGE. FIELD. MATURITY
460 1.2 6.5 570 .5 MHOAC 55 NL SLUDGE. RELD. MATURITY
461 1.2 6.5 .1140 .5 MHOAC 101 NL SLUDGE. FIELD. MATURITY
462 1.2 7 0 .5 MHOAC 4 NL SLUDGE. FIELD. MATURITY
463 1.2 7 285 .5 MHOAC 36 NL SLUDGE. FIELD. MATURITY
464 1.2 7 570 .5 MHOAC 55 NL SLUDGE. FIELD. MATURITY
465 1.2 7 1140 .5 MHOAC 101 NL SLUDGE. FIELD. MATURITY
466 6.5 0 N.L. NR LEAF SLUDGE. FIELD. MATURITY
467 6.5 11 N.L. NR LEAF SLUDGE. RELD. MATURITY
468 6.5 22 N.L. NR LEAF SLUDGE. FIELD. MATURITY
469 6.5 44 N.L. NR LEAF SLUDGE. FIELD. MATURITY
470 6.5 88 N.L. NR LEAF SLUDGE. FIELD. MATURITY
471 '6.5 0 N.L. 10 LEAF SLUD'GE. FIELD. MATURITY
472 6.5 11 N.L. NR LEAF SLUDGE. FIELD. MATURITY
473 6.5 22 N.L. 13 LEAF SLUDGE. RELD. MATURITY
474 6.5 44 N.L. NR LEAF SLUDGE. FIELD. MATURITY
475 6.5 88 N.L. NR LEAF SLUDGE. RELD. MATURITY
476 6.1 0 .5 MHOAC 2.1 SLUDGE. RELD. MATURITY
477 NR 26 .5 MHOAC 7 SLUD'GE. RELD. MATURITY
478 NR 251 .5MHOAC 57 SLUDGE. FIELD. MATURITY
479 N'R 502 .5 MHOAC 91 SLUDGE. RELD. MATURITY
480 N,R 20 .5 MHOAC 8.2 SLUDGE. FIIELD. MATURITY
481 NR 31.4 .5MHOAC 21 . SLUDGE. RELD. MATURITY
482 8.1 0 .5 MHOAC 2.1 SLUDGE. RELD. MATURITY
483 NR 28 .5MHOAC 7 SLUDGE. R'ELD, MATURITY
484 NR 251 .5MHOAC 57 SLUDGE, FIELD, MATURITY
485 NR 502 .5MHOAC 91 SLUDGE. RIELD, MATURITY
488 NIR 20 .5MHOAC 8.2 SLUDGE, FJ'ELD, MATUiRITY
487 NR 31.4 .5MHOAC . 21 SLUDGE. FJIELD MATURITY
488
489
4S!'O 12..8 0.25 7.1 0 0.1 M HCI 4.4 2.8 LEAF FJIELD. SLUDGE. MATUIRITY
491 12•• 0.25 7.8 0 0.1 M HCI 5.4 0.4 LEAF FJIELD SLUDGE. MATUIRITY
482 12.8 0.33 7.1 0 0.1 MHa 4.4 0.8 LEA,F FJIELD SLUDG,E. MATUIRITY
493. 12•• 0.33 7.8 0 0.1 MHCI 6.7 0.8 LEAF FJIELD, stUDG,E, MATU'R:ITY
494 12.8 0.33 7.1 0 0.1 M HCI 2.6 0.5 LEAF F1IELD SLUDGe MATURITY
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TABLE F-3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Malha Ma/ha APPLICATN NAME NAME TEXTURE

457 224 224 11 LS
458 0 0 12 LS
459 56 56 12 LS
460 112 112 12 LS
461 224 224 12 LS
462 0 0 12 LS
463 56 56 12 LS
464 112 112 12 LS
465 224 224 12 LS .
466 0 0 0 TYPIC TAPLUDOLL WAUKEGAN SiL
467 25 25 0 TYPIC TAPLUDOLL WAUKEGAN SiL
468 50 50 0 TYPIC TAPLUDOLL WAUKEGAN SIL

,.,469 100 100 0 TYPIC TAPLUDOLL WAUKEGAN SiL.,
TYPIC TAPLUDOLL WAUKEGAN SiL470 200 200 0

471 0 0 1 TYPIC TAPLUDOLL WAUKEGAN SiL
472 25 25 . 1 TYPIC TAPLUDOLL WAUKEGAN SiL
473 50 50 1 TYPIC TAPLUDOLL WAUKEGAN SIL
474 100 100 1 TYPIC TAPLUDOLL WAUKEGAN SIL

. "475 200 200 1 TYPIC TAPLUDOLL WAUKEGAN SIL
;476 0 0 0
477 125.5 125.5 2
478 125.5 125.5 2
479 125.5 125.5 2
480 31.4 94.2, 0 ,
481 31.4 94.2 0
482 0 0 0
483 125.5 125.5 2
484 125.5 125.5 2
485 125.5 125.5 2
486 31.4 94.2 0
487 31.4 94.2 0
488
489
490 0 0 STRIP MINE SPOIL
491 0 0 STRIP MINE SPOIL .
492 0 0 STRIP MINE SPOIL
493 0 0 STRIP MINE SPOIL
494 0 0 STRIP MINE SPOIL
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TABLE F·3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % maiko maiko maiko maiko CONTNT PROCESSING STABILIZATN

457 5100 11400 AIR DRIED
458 5100 11400 AIR DRIED
459 5100 11400 AIR DRIED
460 5100 11400 AIR DRIED
461 5100 11400 AIR DRIED
462 5100 11400 AIR DRIED
463 5100 11400 AIR DRIED
464 5100 11400 AIR DRIED
465 5100 11400 AIR DRIED
466 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
467 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
468 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
469 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
470 1.6 2.73 4.4 4.37. 2560 2130 AIR DRY ANAEROBIC DIGESTED
471 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
472 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
473 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
474 1.8 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DI'GESTED
475 1.8 2.73 4.4 4.37 2560 2130 AIR D'RY ANAEROBIC DI'GESTED
476
477 210 3000
478 3900 5100
479 3900 5100
480 : 210 3000 :

481 3900 6100
482
483 210 3000
484 39'00 5100
485 39'00 5100
488 210 3000
487 3900 5100
4SS
489
49,0 5.1 5.1 389 3.42 . 1258 4172 0.04 SECO'NDARV. ANAER D'('GEST LAGO'O'N POLYMEA.FeCL3
491 6.1 1'5.1 389 3.42 U5S 4172 0.04 SECO'NIDA.RV. ANAER o.tIGEST. LAGO'O'N PO'LYMER,FeCL3
492 5.1 5.1 3,89 3.42 1258 4172 0.04 S~ECO'NIDARY ANAER DllrGiEST LAGO,OIN POLYMeR FECL3
493 5.1 5.1 369 3.42 1258 4872 0.04 S,ECONJDARV. ANAER D'!IG:EST. LAGO'OtN POLYMER,FECL3
494 5.1 6.1 369 3.42 1258 4172 0.04 SECONDARY. ANAER OIIGEST LAGOO'N POLYMER FECL3
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 'SLUDGE
LITERATURE PLANT, SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR DH % % % malka malka malka

457 WILLIAMS 1977 SWEDE 100
458 WILLIAMS 1977 LETIUCE 100
459 WILLIAMS 1977 LETIUCE 100
460 WILLIAMS 1977 LETIUCE 100
461 WILLIAMS 1977 LETIUCE 100
462 WILLIAMS 1977 LETIUCE 100
463 WILLIAMS 1977 LETIUCE 100
464 WILLIAMS 1977 LETIUCE 100
465 WILLIAMS 1977 LETIUCE 100
466 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
467 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
468 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
469 HAM &DOWDY1978 SOYBEAN MERRILL 1.41 4.98 12 . 1100 2020

, 470 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 . 2020

471 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
472 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 2020
473 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 . 12 1100 2020
474 HAM &DOWDY 1978 SOYBEAN MERRILL I 1.41 4.98 12 1100 2020
475 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12 1100 "'~2020

476 WEBBER 1972 RED BEET
477 WEBBER 1972 RED BEET 240 1100
478 WEBBER 1972 RED BEET 200 670
479 WEBBER 1972 'RED BEET 200 870
480 WEBBER 1972 RED BEET : 240 1100
481 WEBBER 1972 RED BEET 200 670
482 WEBBER 1972 CELERY
483 WEBBER 1972 CELERY 240 1100
484 WEBBER 1972 CELERY 200 670
485 WEBBER 1972 CELERY 200 670
486 WEBBER 197-2 CELERY , 240 1100
487 WEBBER 1972 CELERY 200 870
488 WEBBER· 1972 CELERY
489 WEBBER 1972 CELERY
490 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
491 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307 3505 1471
492 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307 3505 1471
493 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 . 307 3505 1471
494 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 . 1.5 3.3 307 3505 1471
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TABILE F-3 (oOn,L)

LOCATION
COMMENTS OF

STUDY

419 SLUDGE UNUSUALLY HI'GH IN NI (5100) AND ZN (11400) WOODTHO'RNE. U.K.
420 SLVD'GE UNUSUALLY "Iry liN N' '5100) ANO ZN (11400) WOOIDTHO'RNE. U.K.

f--~21 . : 'SLUDGE UNUSUALLY H ••H IN NI ,':'100) -AND ZN (11400) WO')DTHORHE. U.K.
422

..
WOO,DTHO'RNE. U.K.

423 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOO,DTHORNE. U.K.
424 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE. U.K.
425 SLUDGE UNUSUALLY HIGH IN N'I (5100) AND ZN (11400) WOODTHORN'E. U.K.
426 WOODTHO'RNE. U.K.
427 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHO'RNIE. U.K.
428 SLUDGE UNUSUALLY HIGH IN NI (51l;l0) AND ZN (11400) WOO'DTHO'RNE. U.K.
429 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE. U.K.
430 WOODTHORNE. U.K.
431 WOODTHORNE. U.K.
432 WOO'DTHORNE. U.K.
433 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOO'DTHORNE. U.K.
434 WOODTHORNE. U.K.
435 WOODTHORNE. U.K.
436 SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11400) WOO'DTHORNE. U.K.
437 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) . WOO'DTHORNE. U.K.
438 WOODTHORNE. U.K.
439 WOODTHORNE. U.K.
440 WOOOTHORNE. U.K.
441· SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOOOTHORNE. U.K.
442 : : WOOOTHORNE. U.K. :
443 WOO'OTHORNE. U.K.
444 WOODTHORNE. U.K.
445 SLUDGE UNUSUALLY HIGH IN'NI (5100) AND ZN (11400) WOODTHORNE. U.K.
446 . WOODTHORNE. U.K.
447 WOOOTHORNE. U.K.
448 WOO'DTHORNE. U.K.
449 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOOOTHORNE. U.K.
450 WOOOTHORNE. U.K.
451 WOO'DTHORNE. U.K.
452 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE. U.K.
453 SLUDGE UNUSUALLY HIGH IN NI (5100) AND ZN (11400) WOODTHORNE. U.K.
454 WOODTHORNE. U.K.
455 WOODTHORNE. U.K.
456 WOODTHORNE U.K.
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION . COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

419 94.5 ROOT POSSIBLE
420 99.3 ROOT POSSIBLE
421 100 ROOT POSSIBLE
422 0 ROOT NO
423 36 ROOT POSSIBLE
424 . 69.4 ROOT POSSIBLE
425 93.2 ROOT POSSIBLE
426 0 ROOT TUBER NO
427 86.1 ROOT TUBER POSSIBLE
428 92.9 ROOT TUBER POSSIBLE
429 96.7 ROOT TUBER POSSIBLE
430 0 ROOT TUBER NO
431 0 ROOT TUBER . NO
432 0 ROOT TUBER NO
433 52.8 ROOT TUBER POSSIBLE
434 0 BULB NO
435 0 BULB NO
436 17.6 BULB POSSIBLE
437 93.9 BULB POSSIBLE
438 0 BULB NO
439 0 BULB NO
440 0 BULB NO
441 38.1 BULB POSSIBLE
442 0 BULB : NO
443 0 BULB NO
444 0 BULB NO
445 99 BULB POSSIBLE
446 0 BULB· NO
447 0 BULB NO
448 0 BULB . NO
449 38.4 BULB POSSIBLE
450 0 BULB NO
451 0 BULB NO
452 70.3 BULB POSSIBLE
453 100 BULB POSSIBLE
454 0 BULB NO
455 0 BULB NO
456 0 BULB . NO

F-185

",........ ,'"
>1"



,I.. 111_mlill~j,I..

TABlE 1=-3 (con,t•.)

SQiIIL SOIIL eUMM Ni SOlt N,j PLANT Nil PLANT DESIGN
eEe OC SOlt LOADING SOlt CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmo,Il1<a % DH RATE lkalhel EXTRACTANT mal1<a maJka SAMPLED

419 1.2 5.8 285 .5 MHOAC 29 N.L. SLUDGE, FIELD, MATURITY
420 1.2 5.8 570 .5MHOAC 50 N.L. SLUD'GE FIELD, MATURITY
421 1.2 5.8 1140 .5MHOAC 85 N.L. SLUDGE, FIELD, MATURITY
422 1.2 8.6 0 .5 MHOAC 2 N.L. SLUDGE, FIELD, MATURITY
423 1.2 6.6 285 .5 MHOAC 29 N.L. SLUDGE, FIELD, MATURITY
424 1.2 6.6 570 .5 MHOAC 50 N.L. SLUDGE, FIIELD, MATURITY
425 1.2 8.6 1140 .5MHOAC 85 N.L. SLUDGE, FIELD, MATURITY
426 1.2 8.2 0 .5 M HOAC NL 2.5 ROOT TUBER SLUDGE, FIIELD, MATURITY
427 1.2 fs.2 285 .5 MHOAC NL 2.5 ROOT TUBER SLUDGE, FIELD, MATURITY
428 1.2 8.2 570 .5 MHOAC NL 3.8 ROOT TUBER SLUDGE, FIELD, MATURITY
429 1.2 6.2 1140 .5MHOAC Nt 6.3 ROOT TUBER SLUDGE, FIELD, MATURITY
430 1.2 7 0 .5MHOAC NL 1.3 ROOT TUBER SLUDGE, FIELD, MATURITY
431 1.2 7 285 .5MHOAC NL 2.5 ROOT TUBER SLUDGE, FIELD, MATURITY
432 1.2 7 570 .5MHOAC NL 6.3 ROOT TUBER SLUDGE, FIELD, MATURITY
433 1.2 7 1140 .5 MHOAC NL 5 ROOT TUBER SLUDGE, FIELD, MATURITY
434 1.2 6.2 0 NL NL SLUDGE, FIELD, MATURITY
435 1.2 6.2 285 NL NL SLUDGE, FIELD, MATURITY
436 1.2 8.2 570 NL NL SLUDGE, FIELD, MATURITY
437 1.2 6.2 1140 NL NL SLUDGE, FIELD, MATURITY
438 1.2 1 0 NL NL SLUDGE, FIELD, MATURITY
439 1.2 7 285 NL NL SLUDGE, FIELD, MATURITY
440 1.2 7 570 NL NL SLUDGE, FIELD, MATURITY
441 1.2 7 1140 NL . NL SLUD'GE, FIELD, MATURITY
442 1.2 8.3 0 : NL 6.3 BULB : SLUDGE, FIELD, MATURITY
443 1.2 8.3 285 NL 16.3 BULB SLUDGE, FIELD, MATURITY
444 1.2 8.3 570 NL 23.8 BULB SLUDGE, RELD, MATURITY
445 . 1.2 8.3 1140 NL NL BULB SLUDGE, FIELD, MATURITY
446· 1.2 8.8 0 NL 2.5 BULB SLUDGE, FIELD, MATURITY
447 1.2 8.8 285 NL 8.3 BULB SLUDGE, FIELD, MATURITY
448 1.2 8.8 570 NL 7.5 BULB SLUDGE, FIELD, MATURITY
449 1.2 8.8 1140 NL 18.8 BULB SLUDGE, FIELD, MATURITY
450 1.2 8.7 0 .5MHOAC 4 NL SLUDGE, FIELD, MATURITY
451 1.2 8.7 285 .5MHOAC 23 NL SLUDGE,RELD,MATURITY
452 1.2 '6.7 570 .5MHOAC 42 NL SLUDGE, FIELD, MATURITY
453 1.2 8.7 1140 .5MHOAC 68 NL SLUDGE, FIELD, MATURITY
454 1.2 7.2 0 .5 MHOAC 4 NL SLUDGE, FIELD, MATURITY
455 1.2 7.2 285 .5 MHOAC 23 NL SLUDGE,RELD,MATURITY
456 1.2 7.2 570 .5 MHOAC 42 NL SLUDGE FIELD. MATURITY
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TABLE F-3 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Moths Moths APPLICATN NAME NAME TEXTURE

419 56 56 8 LS
420 112 112 8 LS
421 224 224 8 LS
422. 0 0 8 LS
423 56 56 8 LS
424 112 112 8 LS
425 224 224 8 LS
426 0 0 9 LS
427 56 56 9 LS .
428 112 112 9 LS
429 224 224 9 LS
430 0 0 9 LS '.
431 56 56 9 LS . -,' ~ ,....,. "

432 112 112 9 LS
433 224 224 9 LS
434 0 0 10 LS
435 56 56 10 LS
436 112 112 10 LS '. .,

437 224 224 10 LS
,438 0 0 10 LS '·1""

439 56 56 10 LS
440 112 112 10 LS
441 224 224 10 LS
442 0 : 0 13 : LS
443 56 56 13 LS
444 112 112 13 LS
445 224 224 13 LS
446 0 0 13 LS
447 56 56 13 LS
448 112 112 13 LS
449 224 224 13 LS
450 0 0 11 LS
451 56 56 11 LS
452 112 112 11 LS
453 224 224 11 LS .
454 0 0 11 ' LS
455 56 56 11 LS
456 112 112 11 LS
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TABlE F-3 (oont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
F. N Nil P Ph Zn SOUDS BllOLOGlCAL CHEMICAL
% % maiko maiko maiko maiko CONTNT PROCESSIN,G STABlUZATN

419 5100 11400 AIR DIRIED
420 5100 11400 AIR DRIED
421 5100 11400 AIR D'RIED
422 5100 11400 AIR DRIED
423 5100 11400 AIR DRIED
424 5100 11400 AIR DRIED
425 5100 11400 AIR DRIED
426 5100 11400 AIR DRIED
427 5100 11400 AIR DRIED
428 5100 11400 AIR DRIED
429 5100 11400 AIR DRIED
430 5100 11400 AIR DRIED
431 5100 11400 AIR DRIED
432 5100 11400 AIR DRIED
433 5100 11400 AIR DRIED
434 5100 11400 AIR DRIED
435 5100 11400 AIR DRIED
436 5100 11400 AIR DRIED
437 5100 11400 AIR DRIED
438 5100 11400 AIR DRIED
439 5100 11400 AIR DRIED
440 5100 11400 AIR DRIED
441 5100 11400 AIR DRIED
442 : 5100 11400 AIR DRIED :

443 5100 11400 AIR,DRIED
444 5100 11400 AIR DRIED
445 5100 11400 AIR DRIED
446 5100 11400 AIR DRIED
'447 5100 11400 AIR DRIED
448 5100 11400 AIR DRIED
449 5100 11-400 AIR DRIED
450 5100 11400 AIR DRIED
451 5100 11400 AIR DRIED
452 5100 11400 AIR DRIED
453 5100 11400 AIR DRIED
454 5100 11400 AIR DRIED
455 5100 11400 AIR DRIED
456 5100 11400 AIR DRIED
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TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE .SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr CU

CITATION NAME CULTIVAR DH % % % maiko maiko maiko

419 WILLIAMS 1977 CARROT 100
420 WILLIAMS 1977 CARROT 100
421 WILLIAMS 1977 CARROT 100
422 WILLIAMS 1977 CARROT 100
423 WILLIAMS 1977 ,CARROT 100
424 WILLIAMS 1977 CARROT 100
425 WILLIAMS 1977 CARROT 100
426 WILLIAMS 1977 BEET 100
427 WILLIAMS 1977 BEET 100
428 WILLIAMS 1977 BEET 100
429 WILLIAMS 1977 BEET ,100
430 WILLIAMS 1977 BEET 100
431 WILLIAMS 1977 BEET "~,100

432 WILLIAMS 1977 BEET 100
433 WILLIAMS 1977 BEET 100
434 WILLIAMS 1977 ONION 100
435 WILLIAMS 1977 ONION 100
436 WILLIAMS 1977 ONION I ·100
437 WILLIAMS 1977 ONION ·100
438 WILLIAMS 1977 ONION, ·",100
439 WILLIAMS 1977 ONION 100
440 WILLIAMS 1977 ONION 100
441 WILLIAMS 1977 ' ONION 100
442 WILLIAMS 1977 : ONION : 100
443 WILLIAMS 1917 ONION 100
444 WILLIAMS 1977 ONION 100
445 WILLIAMS 1977 ONION 100
446 WILLIAMS 1977 ONION 100
447 WILLIAMS 1977 ONION 100
448 WILLIAMS 1977 ONION 100
449 WILLIAMS 1977 ONION 100
450 WILLIAMS ,1977 SWEDE 100
451 WILLIAMS 1977 SWEDE 100
452 WILLIAMS 1977 SWEDE 100
453 WILLIAMS 1977 SWEDE 100

"-454 WILLIAMS 1977 SWEDE 100
455 WILLIAMS 1977 SWEDE 100
456 WILLIAMS 1977 SWEDE 100
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TABLE F-3 (oon>t.)

lOCAnO'N
COMMENTS O,F

STUDY

381 YllElD NOT DETERMINED KINGSTON, RHO'DE ISLAND
382 ' YIIELD Nt'lT D'fTI=llMliNED KliNGSTON, RHO'DE ISLAND-- -383 : . YIIELD I .)T DETCo .MINED KI.NGSTON, RHO'D,E ISLAN'D
384 .. ,., l YIELD NOT DETERMINED KINGSTON, RHOD'E ISLAND
385 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
386 YIELD NOT DETERMINED KI'NGSTON, RHOD'E ISLAND
387 YIELD NOT DETERMINED KINGSTON, RHO'DE ISLAND
388 YIELD NOT DETERMINED KINGSTON, RHO'D'E ISLAND
389 YI'ELD NOT DETERMINED KINGSTON, RHO'D'E ISLAND
390 YIELD NOT DETERMINED KINGSTON, RHO'DE ISLAND
391 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
392 YIELD NOT DETERMINED KI,NGSTON, RHO'DE ISLAND
393 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
394 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
395 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
396 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
397 Vinl nla
398 Vlrg nla
399 Vlrg nla
400 Virg nia
401 Virg nla
402 Vlrg nla
403 Vlrg nla
404 : : Vlrg nla
405 Virg nla
406 Vlra'nla
407 Vlra nla
408 Vlra nla
409 Vlra nla
410 Vira nla
411 Vlra nla
412 Vlra nla
413 Vlra nla
414 Vlra nla
415 AUantlc Co..t. Plllin
416 AUantlc Coaet. Plain
417 AUantlc Coaet. Plain
418 WOODTHORNE U.K.
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

381
382
383
384 .

385
386'
387 ".

388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404 :

405
406
407
408
409
410
411
412
413
414
415 0 Stover
416 39 Stover
417 29 Stover
418 0 ROOT NO

F-179

..

"

"



! ~ IUM~M~~,·

TAatE F-3 (cant.)

SQJIIL 50ft CUMM Nl SOlt Nil PlANTNi PLANT DIESIGN
CEC OC SOlt LOAD,ING SOIJ'l CONCENTRTN CONCENTRTN TISSUE SUMMARY

omollka % oH RATE lkalhel EXTRACTANT maiko maiko SAMPlED

381 2.8 6.8 33 OTPA 1.8 8.2 le·af SLUDGE, FIELD, MATURITY
382 2.8 5.8 0 OTPA 0.9 6.8 La,af SLUDGE, FlIELD, MATURITY
383 2.8 6.8 11 OTPA 2.1 7.6 Laaf SLUOGE, FIIELD, MATURITY
384 2.8 6.6 33 OTPA 3.2 9.6 Lea,f SLUDGE, FI'ELO, MATURITY
385 2.8 5.8 0 OTPA 0.6 4 leaf SLUDGE, FIIELO, MATURITY
386 2.8 5.8 11 OTPA 1 9 Leaf SLUDGE, FI'ELO, MATURITY
387 2.8 5.8 33 OTPA 1.8 14 Lllaf SLUDGE, FIELD, MATURITY
388 2.8 5.6 0 OTPA 0.9 20 leaf SLUDGE, FIELD, MATURITY
389 2.8 5.8 11 OTPA 2.1 21 Leaf SLUDGE, FIIELO, MATURITY
390 2.8 5.6 33 OTPA . 3.2 22 Le·af SLUDGE, FIIELO, MATURITY
391 2.8 5.6 0 OTPA 0.6 5 Lllaf SLUDGE, FIELD, MATURITY
392 2.8 5.6 11 . OTPA 1 5 Leaf SLUDGE, FIIELO, MATURITY
393 2.8 5.6 33 OTPA 1.8 7 Leaf SLUDGE, FIELI), MATURITY
394 2.8 5.8 0 OTPA 0.9 8 Leaf SLUDGE, FIELD, MATURITY
395 2.8 5.6 11 OTPA 2.1 8 Leaf SLUDGE, FIELD, MATURITY
396 2.8 6.6 33 OTPA 3.2 11 Leaf SLUDGE, FIELD, MATURITY
397 6.4 16 8.1 '0 0.54 Ead.af
398 6.4 16 6.2 8.6 1.02 Earlasf
399 5.4 HI 8.1 17.2 0.88 Eadeaf
400 6.4 HI 5.8 25.8 0.94 Earlaaf
401 6.4 18 8 34.4 0.8 Earlaaf
402 5.4 18 6 43 0.84 Earlasf
403 12.5 18 5.7 a ·0.38 Earlaaf
404 12.5 18: 6 8.6 0.4:1 Earl.af
405 12.5 18 5.8 17.2 0.38 Earlaaf
406 12.5 18 5.9 25.8 0.31 Earlaaf
407 12.5 18 5.9 34.4 0.2 Eadaaf
408 12.5 18- 5.9 43 0.23 Earlaaf
409 9.3 25 5.7 a 0.28 ea,r1eaf
410 9.3 25 6 8.6 0.39 Eerleaf
411 9.3 25 5.9 17.2 0.42 earleaf
412 9.3 25 5.9 25.8 0.35 eadaaf
413 9.3 25 5.9 34.4 0.36 Earleaf
414 9.3 25 5.9 43 0.46 earlesf
415 6.9 23 6.6 0 0.54 Earleaf
416 6.9 23 6.6 8.6 . 0.66 Earleaf
417 6.9 23 6.6 17.2 0.66 Earleaf
418 1.2 5.8 0 •5 M HOAC 2 N.L• SLUDGE. FIELD MATURITY
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TABLE F-3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Matha Matha APPLICATN NAME NAME TEXTURE

381 60 60 0 Tvpic Dvstrochrept Bridaehampton silt loam 34 58 . 8
382 0 0 1 Typic Dystrochrept Bridaehampton silt loam 34 58 8
383 20 20 1 Typic Dystrochrept Bridgehampton silt loam 34 58 8
384 60 60 1 Typic Dystrochrept Bridgahampton silt loam 34 58 8
385 0 0 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8
386 20 20 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8
387 60 60 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8
388 0 0 1 Typic Dvstrochrept Bridgehampton silt loam 34 58 8
389 20 20 1 Typic Dvstrochrept Bridgehampton silt loam 34 58 8 .
390 60 60 1 Typic Dvstrochrept Bridgehampton silt loam 34 58 8
391 0 0 0 Typic Dvstrochrept . Bridgehampton silt loam 34 58 8
392 20 20 0 Typic Dvstrochrept Bridaehllmpton siltlollm 34 58 8
393 60 60 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8
394 0 0 1 Typic Dystrochrept Bridgehampton silt loam 34 58 8
395 20 20 1 Typic Dystrochrept Bridgehllmpton siltlollm 34 58 8
396 60 60 1 Typic Dystrochrept Bridgllhampton siltlollm 34 58. .8
397 0 0 Typic Hapludult Boiac loamy sand 64 27.8 ' .. 8.2
398 42 42 Typic Hapludult Boiac loamY sand 64 27.8 '. 8.2
399 84 84 Typic Hapludult Boiac loamy_and 84 27.8 8.2
400 126 128 Typic HIIPludult Boiac loamY_lind 84 27.8 ·8.2
401 188 168 Typic HIIPludult Boiac loamysllnd 84 27.8 8.2
402 . 210 210 Typic HIIPludult Boillc loamvsllnd 84 27.8 8.2
403 0 0 Rhodic Pailludult Davidson clavloam 15.3 47.1 37.8
404 42 : 42 Rhodic Paleudult : Davidson claY loam 15.3 47.1 37.8 :
405 84 84 Rhodic Pailludult Davidson clavloam 15.3 47.1 37.8
408 126 . 128 Rhodic Paleudult Davidson clavlollm 15.3 47.1 . 37.8
4Q7 188 188 Rhodic Pailludult Davidson clavlollm 15.3 .47.1 37.8
408 210 210 Rhodic Paleudult Davidson clavloam 15.3 47.1 37.8-
409 0 0 Twic Hapludult Grosscloaa silt loam 20.7 59.3 20
410 42 42 Typic Hllpludult Grosllcloss silt loam 20.7 59.3 20
411 84 84 Typic Hapludult Grosllclolll silt loam 20.7 59.3 20
412 126 128 Typic Hapludult Grosllclose slit loam 20.7 59.3 20
413 168 168 Typic HIIPludult Groseclose slit loam 20.7 59.3 20
414 210 210 Twic HIIPludult Groseclose siltlollm· 20.7 59.3 20
415 0 0 Typic OchraQualfs Acredale siltlollm 37.8 -52.3 9.9
418 42 42 Typic OchraQualfs Acrlldale silt loam 37.8 52.3 9.9
417 84 84 Typic Ochraqualfs Acrlldale silt loam 37.8 52.3 9.9
418 0 0 8 LS
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TABlE f.3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOUDS B1otomcAL CHiEMI'CAL
% % maiko maiko molko maiko CONTNT PROCesSI'N'G STABIIUZATN

381 3 560 1630 ANAEROBICALLY DI'GESTED
382 3 560 1630 ANAEROBICALLY DIGESTED
383 3 560 1630 ANAEROBICALLY DIGESTED
384 3 560 1630 ANAERO'SICALLY DIGESTED
385 3 560 1630 ANAEROBICALLY DIGESTED
386 3 560 1630 ANAEROBICALLY DIGESTED
387 3 560 1630 ANAEROBICALLY DIGESTED
388 3 560 1630 ANAEROBICALLY DIGESTED
389 3 560 1630 ANAERO'BICALLY DIGESTED
390 3 560 1630 ANAEROBICALLY DIGESTED
391 3 560 1630 ANAEROBICALLY DIGESTED
392 3 560 1630 ANAEROBICALLY DIGESTED
393 3 560 1630 ANAEROBICALLY DIGESTED
394 3 560 1630 ANAEROBICALLY DIGESTED
395 3 560 1630 ANAEROBICALLY DIGESTED
396 3 560 1630 ANAEROBICALLY DIGESTED
397 0 0 Alliluda. date In kalha
398 8.6 125 e. motel' eppllod to .oils
399 17.2 248 from Iluda. "DDlieation.
400 25.8 372
401 34.4 496
402 43 620
403 0 0
404 8.6 : 125 :

405 17.2 248
406 25.8 372
407 34.4 496 -_.,.---.. ~",,-,..-

408 43 620
'409 0 0
410 8.6 125
411 17.2 248
412 25.8 372
413 34.4 496
414 43 620
415 No .Iudae data given
416
417
418 5100 11400 AIR DRIED
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR DH % % % maiko malka mglkg

381 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520
382 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520
383 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520
384 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520
385 Schauer, et al. 1980 Radishes Cherrvbelle 4.7 67.5 21 2520
386 Schauer, et al.1980 Radishes Cherrvbelle 4.7 67.5 21 2520
387 'Schauer, et al. 1980 Radishes Cherrvbelle 4.7 67.5 21 2520
388 Schauer, et al. 1980 Radishes Cherry! I'llI' 4.7 67.5 21 2520
389 Schauer, et al. 1980 Radishes Cherry! elle 4.7 67.5 21 2520
390 Schauer, et al. 1980 Radishes Cherry! elle 4.7 67.5 21 2520
391 Schauer, et al. 1980 Lettuce Seiad Bowl 4.7 67.5 21 ",2520
392 Scheuer, et al. 1980 Lettuce Salad Bowl 4.7 67.5 21 2520
393 Schauer, et al. 1980 Lettuce Seiad Bowl 4.7 67.5 21, '~("2520

394 Schauer, et al. 1980 Lettuce Seiad Bowl 4.7 67.5 21 2520
395 Schauer, et al. 1980 Lettl,lce Salad Bowl 4.7 67.5 21 2520
396 Schauer, et al. 1980 Lettuce Salad Bowl 4.7 67.5 21 2520
397 RAPPAPORT ET AL1988 Corn 0 0
398 RAPPAPORT ET AL1988 Corn I 0.9 " 153
399 RAPPAPORT ET AL1988 Corn 1.8 304
400 RAPPAPORT ET AL1988 Corn 2.7 $" 456
401 RAPPAPORT ET AL 1988 Corn 3.8 808
402 RAPPAPORT ET AL1988 Corn 4.5 780
403 RAPPAPORT ET AL1988 Corn 0 0
404 RAPPAPORT ET AL 1988 Corn: 0.9 153
405 RAPPAPORT ET AL1988 Corn 1.8 ,304 ,
406 RAPPAPORT ET AL1988 Corn 2.7 456
407 RAPPAPORT ET AL1988 Corn 3.6 808
408 RAPPAPORT ET AL1988 Corn 4.5 780
409 RAPPAPORT ET AL 1988 . Corn 0 0
410 RAPPAPORT ET AL1988 Corn 0.9 153
411 RAPPAPORT ET AL1988 Corn 1.8 304
412 RAPPAPORT ET AL1988 Corn 2.7 458
413 RAPPAPORT ET AL1988 Corn 3.6 808
414 RAPPAPORT ET AL 1988 Corn 4.5 780
415 RAPPAPORT ET AL1987 Corn
416 RAPPAPORT ET AL1987 Corn
417 RAPPAPORT ET AL1987 Corn
418 WILLIAMS 1977 CARROT 100

F-175

,· .... r

~:~,

'-l"~'

"7.'

~~:

'~1'



I..•• ,

,I., ,1IM'\1I11_,~",

TABLE 1=-3 {oo,n1t.)

LOCATION
COMMENTS OF

STUDY

343 Saskatoon, Can
344 Bollmlla, MID-- . ,

1--~45 '3olt.viU., MD
346 ~ I.' I Belt.villl,e, MD
347 Bellt.vI,lll,e, MD
348 Belttvilllll, MD
349 Balttvllla, MD
350 B.,lt.vI,Ue, MD
351 Be,lt.vin., MD
352 BeU.vlII., MD
353 Belttvin., MD
354 Be,lttYlII., MD
355 BelttviUlII, MD
356 Bellavill., MD
357 Belt.vI,III., MD
358 Bolttvl'I'le, MD
359 Belttvln., MD
360 Belttvill., MD
361 Belt.villa, MD
362 Belt.vill., Mil
363 Belt.vlll., MD
364 Belttvl,n., MD
365 Boltmll., MD
366 : : Beltevln., MD :

367 Bolt.vill., MD
368 Beltsvill., MD
369 Manhathl,n, Kanaa.
370 Manhettan, Kana..
371 Dayto,n, Ohio
372 Dayton, Ohio
373 Oakland, CA
374 Oakla1nd, CA
375 Oakland, CA
376 Oakland, CA
377 Oakland, CA
378 Oakland, CA
379 YIELD NOT DETERMINED KINGSTON, RHODE ISLAND
380 YIELD NOT DETERMINED KINGSTON RHODE ISLAND
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TABLE F-3 (cont.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

343 0 Whole plant
344 0 Shoots
345 0 Shoots
346 0 Shoots
347 0 Shoots
348' 0 Shoots
349 0 Shoots
350 0 Shoots
351 0 Shoots
352 0 Shoots
353 0 Shoots
354 0 Shoots
355 0 Shoots
356 0 Shoots
357 0 Shoots
358 0 Shoots
359 0 Shoots
360 0 Shoots
361 0 Shoots
362 0 Shoots
363 0 Shoots
364 0 Shoots
365 0 Shoots
366 0 Shoots :

367 0 Shoots
368 0 Shoots
369
370
371 Leaves
372 Leaves" "'

373 0 Grain
374 0 Grain
375 0 Grain
376 0 Grain
377 0 Grain
378 0 Grain
379 .<"

380
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TABLE F-3 'ooo't.)

SOIL SOJIL CUMM Ni SOIJ'L Nil PLANTNI PLANT DIESIGN
CEC OC SO'IIL LOADING SOiL CONCENTRTN CO'NCENTRTN TI:SSUE SUMMARY

cmo,IJka % pH RATE (kaJhe) EXTRACTANT mglka moJka SAMPLED

343 35.7 8.6 17 Root
344 6.9 5.8 Shoota
345 7.4 8.2 Shoots
346 7 6.9 Shoote
347 7.4 5.8 Shoots
348 7.15 3.7 Shoots
349 7.7 4.7 Shoots
350 7.8 3.3 Shoota
351 8.9 4.4 Shoots
352 7.4 3.2 Shoote
353 7.15 3.2 Shoots
354 5.8 7.8 Shoots
355 8.1 4.8 Shoots
358 8.8 4.8 Shoots
357 7 2.5 Shoots
358 7.1 3.3 Shoots
369 5.8 7.7 Shoots
360 6.7 4.4 Shoots
361 6 4.4 Shoots
362 5.2 12.6 Shoots
383 6.3 7.9 Shoots
364 5.1 9.8 Shoots
365 6.4 7.7 Shoot.
386 : US 7.6 Shoota
367 5.9 9.8 Shoot.
3158 5.7 11.3 Shoota
389 0.9 5.9 11.9 0.059 Leave.
370 0.9 5.9 11.9 4.53 Roota
371 8.2 71.5 2 Llavn
372 8.2 147 2 LIlIYel
373 0 . 93 <5.0 Straw
374 0 94 <5.0 Straw
375 5 108 <5.0 Straw
378 9.9 99 <5.0 Straw
377 15.5 104 <5.0 Straw
378 20.8 105 <5.0 Straw
379 2.8 5.8 0 DTPA 0.8 5.2 Leaf SLUDGE, FIELD, MATURITY
380 2.8 5.6 11 DTPA 1 6 Leaf SLUDGE. FIELD MATURITY
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TABLE F·3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC' SERIES SOIL % % %

Ma/ha Ma/ha APPLICATN NAME NAME TEXTURE

343 150
344 0 0 Typic Paleudults Christiana fine sandy loam
345 0 0 Typic Paleudults Christiana fine sandy loam
346 56 56 Typic Paleudults Christiana fine sandy loam
347 112 112· Typic Paleudults Christiana fine sandy loam
348 224 224 Typic Paleudults Christiana fine sandy loam
349 336 336 Typic Paleudults Christiana fine sandy loam
350 448 448 Typic Paleudults Christiana fine sandy loam
351 56 56 Typic Paleudults Christiana fine sandy loam .
352 112 112 Typic Paleudults Christiana fine sandy loam
353 224 224 Typic Palaudults Christiana fine sandY loam
354 58 58 Typic Paleudults Christiana fine sandy loam
355 112 112 Typic Paleudults Christiana fine sandy loam ,....

356 224 224 Typic Paleudults Christiana fine sandy loam
357 448 448 Typic Paleudults Christiana fine sandy loam
358 872 672 Typic Paleudults Christiana fine sandy loam
359 56 58 Typic Paleudults Christiana fine sandy loam
360 112 112 Typic Paleudults Christiana fine sandy loam
361 224 224 Typic Paleudults Christiana fine saitdy loam

.382 58 58 Typic Paleudults Christiana fine sandy loam ,

363 112 112 Typic Paleudults Christiana fine sandy loam
384 . 224 224 Typic Paleudults Christiana fine sandy loam
385 50 50 Typic Paleudults Christiana fine sandy loam
366 100 100 : Typic Paleudults Christiana fine sandy loam
367 50 50 Typic Paleudults Christiana fine sandy loam
368 100 100 . Typic Paleudults Christiana fine sandy loam
369 32 128 Typic Udlfluvent Haynie fine sandy loam .
370 32 128 Typic Udifluvent HaYnie fine sandy loam
371 28 980 Warsaw slit loam
372 0 0 Warsaw silt loam
373 0 0 4 Ruvaquentic Haplaquplls Omni silty clay
374 O+NPK O+NPK 4 Ruvaquentic Haplaquolls Omnl siltyclav
375 33 33 4 Ruvaaullntic Haplaquolls Omni silty clay
376 66 66 4 Ruvaauentic Haplaquolls Omnl silty clay
377 107 107 4 Fluvaquentic Haplaquolls Omni silty clav .
378 147 147 4 RUYaquentic Haplaquolls Omni silty clay
379 0 O. 0 Typic Dystrochrept Bridgehampton silt loam 34 58 8
380 20 20 0 Tvnic Dvstrochrept Bridaehampton silt loam 34 58 8
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TABLE F-3 (oon,t.)

SLUD'GE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N HI P Pb Zn SOLIDS BII'OLOGICAL CHEMICAL
% % maiko maiko maJko maiko CONTNT PROCESSING STABILlZATN

343 215.3 6620 164 420
344 Control, I,ow pH
345 Control, hI,ah pH
346 15 217 639 Umed-dla'lISted
347 15 217 639 Umed-dliaellted
348 15 217 639 Umod-dlollllted
349 15 217 639 Umlld-d,iOllsted
350 15 217 639 Umed-dIOllsted
351 17 215 599 Umed-raw
352 17 215 599 Umed-raw
353 17 215 599 Umed-raw
354 201 272 731 Umed-compost
355 201 272 731 Umed-compost
356 201 272 731 Umed-compost
357 201 272 731 Umed-eompost
358 201 272 731 Umed-compost
359 37 . 360 1330 Heat-treated, high pH
360 37 360 1330 Heet-treated, hlah pH
361 37 360 1330 Heat-treated, hlah pH
362 37 360 1330 Heat-treated, low pH
363 37 360 1330 Heat-treated, low pH
364 37 360 1330 Heat-trllated, low pH
365 590 865 4140 Hu-Earth, hlah pH
368 : 59,0 885 4140 : Nu-Earth, hlah pH :

367 590 885 4140 Nu-Elrth, low pH
388 590 865 4140 Nu-EIrth, low pH
369 35.8 21300 124 1890 aerobically dlalted
370 35.8 21300 124 1890 aerobically digeated

. 371 20370 24000 6940 8390 28t/ha/yr at 35 yea,.
372 20370 24000 6940 8390 Control
373 . No sludae data alven
374 No sludae date alvan
375 No sludge dati givlIn
378 No sludae data alvan
377 No sludae data alVIn
378 No sludgl datil alvan
379 3 560 1630 ANAEROBICALLY DIGESTED
380 3 560 1630 ANAEROBICALLY DIGESTED
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TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

\

CITATION NAME CULTIVAR pH % % % malka maiko mglkg

343 GILLIES ET AL 1989 Oat Harmon 4.6 191 " 143
344 HECKMAN ET AL 1987 Soybean Clark
345 HECKMAN ET AL 1987 Soybean Clark
346 HECKMAN ET AL 1987 Soybean Clark 5.9 259

" 347 HECKMAN ET AL 1987 Soybean Clark 5.9 259
348 HECKMAN ET AL 1987 Soyllean Clark 5.9 259
349 HECKMAN ET AL 1987 So"lJean Clark 5.9 259
350 HECKMAN ET AL 1987 SO" lIaan Clark 5.9 259
351 HECKMAN ET AL 1987 SO" lIean Clark 4.9 277
352 HECKMAN ET AL.1987 SO" lIean Clark 4.9 277
353 HECKMAN ET AL 1987 SO" lIean Clark 4.9 ,"277
354 HECKMAN ET AL 1987 SOYlIean Clark 7.2 274
355 HECKMAN ET AL 1987 SOYIlean Clark 7.2, ,274
356 HECKMAN ET AL 1987 SOYIlaan Clark 7.2 274
357 HECKMAN ET AL 1987 Soyb~an Clark 7.2 274
358 HECKMAN ET AL 1987 Soybean" Clark 7.2 274
359 HECKMAN ET AL 1987 Soyllean Clark 13.4 404
360 HECKMAN ET AL 1987 Soy ean Clark I 13.4 ~.404

361 HECKMAN ET AL 1987 Soy ean Clark 13.4 404
362 HECKMAN ET AL 1987 SOy ean Clark 13.4 ;404
363 HECKMAN ET AL 1987 SOY ean Clark 13.4 404
364 HECKMAN ET AL 1987 SOY ean Clark 13.4 404
365 HECKMAN ET AL 1987 . SOY een Clark 210 1160
366 HECKMAN ET AL 1987 SOY een : Clark : 210 1160
367 HECKMAN ET AL 1987 SoyIlean Clark 210 1160
368 HECKMAN ET AL 1987 Soybean .Clark 210 1160
369 KIRKHAM 1983 Sorghum Dekalb C-46 Plus 6.7 7770 man 29.2 851 375
370 KIRKHAM 1983 Winter Wheat Newton 6.7 7770 man 29.2 851 375
371 KIRKHAM 1975 Corn 830 5900 6020
372 KIRKHAM 1975 Corn 830 5900 6020
373 CHANG ET AL 1982 WinterWeat Anzli
374 CHANG ET AL 1982 WinterWeat Anza
375 CHANG ET AL 1982 WinterWeat Anza
376 CHANG ET AL 1982 Winter Weat· Anza
377 CHANG ET AL 1982 WinterWeat Anza
378 CHANG ET AL 1982 WinterWeat Anza
379 Schauer, et al. 1980 Carrots Danvers 4.7 67.5 21 2520
380 Schauar et al. 1980 Carrots Danvers 4.7 67.5 21 2520
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TABILE f..3 (cont.)

LOCATION
COMMENTS O,F

STUDY

305 . JOUET,I,LLI'NQ!IS
30,6 JOUF.T,ILLINO,IS--307 JOUET, ItLlNO'IS
308 ~ I I JOLIET, lillINOIS
309 j'OUET, UINOIS
310 JOLIET. ILUNOIS
311 -DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILUNOIS
312 -DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, IWNO'IS
313 JOLIET, ILUNO'IS
314 JOLIET. ILUNOIS
315 JOLIET. ILLINOIS
316 JOLIET, lillINOIS
317 JOLIET, ILLINOIS
318 JOLIET, ILLINOIS
319 JOLIET, ILLINOIS
320 JOUET,ILUNOIS
321 JOLIET, ILLINOIS
322 , JOLIET, ILLINOIS
323 JOLIET, ILLINOIS
324 JOLIET, I!.LINOIS
325 JOLIET, IWNOIS
328 JOLIET, ILLINOIS
327 JOLIET, IWNOIS
328 : : JOLIET, ILLINOIS
329 JOLIET, IWNOIS
330 JOLIET, ILLINOIS
331 JOLIET, IWNOIS
332 JOLIET, ILLINOIS
333 JOLIET, IWNOIS
334 JOLIET, ILLINOIS
335 JOLIET, ILLINOIS
338 JOLIET. ILLINOIS
337 JOLIET. ILLINOIS
338 JOLIET. IWNOIS
339 JOLIET. ILLINOIS
340 JOLIET. ILLINOIS
341 Saskatoon. Can
342 Saskatoon Can
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TABLE F-3 (cont.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

305 0 GRAIN 0 STOVER NO
306 0 GRAIN 0 STOVER NO
307 0 GRAIN 0 STOVER NO
308 0 GRAIN NA STOVER NO
309 0 GRAIN 0 STOVER NO
310 . 0 GRAIN 0 STOVER NO
311 60· GRAIN 0 STOVER ·NO
312 . 60· GRAIN 0 STOVER ·NO
313 0 GRAIN 0 STOVER NO
314 0 GRAIN 0 STOVER NO
315 0 GRAIN 0 STOVER NO
316 0 GRAIN 0 STOVER NO
317 0 GRAIN 0 STOVER NO
318 0 GRAIN 0 STOVER NO
319 NA GRAIN NA STOVER NO
320 0 GRAIN 0 STOVER NO
321 0 GRAIN 0 STOVER NO
322 0 GRAIN 0 .STOVER NO
323 0 GRAIN 0 STOVER NO
324 0 GRAIN 0 STOVER NO
325 0 GRAIN 0 STOVER NO
326 0 GRAIN 0 STOVER NO
327 0 GRAIN 0 STOVER NO
328 0 GRAIN : 0 STOVER NO
329 0 GRAIN . 0 STOVER NO
330 0 GRAIN NA STOVER NO
331 0 GRAIN 0 STOVER NO
332 0 GRAIN 0 STOVER NO
333 0 GRAIN 0 STOVER NO
334 O· GRAIN' 0 STOVER NO
335 0 GRAIN 0 STOVER NO
336 0 GRAIN 0 STOVER NO
337 0 GRAIN 0 . STOVER NO
338 0 GRAIN 0 STOVER . NO

339 0 GRAIN 0 STOVER NO
340 0 GRAIN 0 STOVER NO
341 0 Whole plant
342 0 Whole plant
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TABLE F-3 (cont.)

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % pH RATE (kalha) EXTRACTANT malka malka SAMPLED

305 0.76 7 0 HCL-HF 19 <.6 LEAF SLUDGE, FIELD, MATURITY
306 1.21 6.9 0 HCL-HF 20 <.6 LEAF SLUDGE, FIELD, MATURITY
307 0.84 7.1 0 HCL-HF 24 <.6 LEAF SLUDGE, FIELD, MATURITY
308 0.31 NA 12.6 HCL-HF 15 1.3 LEAF SLUD'GE, FIELD, MATURITY
309 0.44 7.2 13.4 HCL-HF 31 1.4 LEAF SLUDGE, FIELD, MATURITY
310 0.63 7.3 15.3 HCL-HF 12 0.9 LEAF SLUDGE, FIELD, MATURITY
311 0.67 7.5 21 HCL-HF 12 <.6 LEAF SLUDGE, FIELD, MATURITY
312 0.78 7 26.3 HCL-HF 20 0.8 LEAF SLUDGE, FIELD, MATURITY
313 0.8 7 34 HCL-HF 19 NA LEAF SLUDGE, FIELD, MATURITY
314 0.99 6.6 34 HCL-HF 25 <.6 LEAF SLUDGE, FIELD, MATURITY
315 1.42 7.1 34 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY
316 1.71 7.2 34 . HCL·HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY
317 1.,82 7.2 34 HCL·HF 34 <.6 LEAF SLUDGE, FIELD, MATURITY
318 1.96 7.1 34 HCL-HF 31 <.6 LEAF SLUDGE, FIELD, MATURITY
319 0.43 NA 25.2 HCL-HF 13 1.5 LEAF SLUDGE, FIELD, MATURITY
320 0.51 7.1 26.8 HCL-HF 20 1.1 LEAF SLUDGE, FIELD, MATURITY
321 0.94 7 30.6 HCL-HF 16 1.6 LEAF SLUDGE, FIELD, MATURITY
322 1.18 7.2 41.9 HCL·HF 22 <.8 LEAF SLUDGE, FIELD, MATURITY
323 1.4 7 52.5 HCL-HF 24 NA LEAF SLUDGE, FIELD, MATURITY
324 1.75 6.4 68 HCL·HF 35 1.7 LEAF SLUDGE, FIELD, MATURITY
325 2 6.3 68 HCL-HF 32 2 LEAF SLUDGE, FIELD, MATURITY
328 2.18 6.8 68 HCL·HF 38 0.7 LEAF SLUDGE, FIELD, MATU'RITY
327· 2.02 6.8 68 HCL·HF 51 0.7 LEAF SLUDGE, FlIELD, MATURITY
328 2.33 7.1 68 HCL·HF 53 <:.8 LEAF SLUDGE, FIELD, MATUIRITY
329 1.88 7 88 HCL-HF 45 <.8 LEAF SLUDGE, FIIELD, MATUIRITY
330 0.73 NA 50.4 HCL-HF 21 1.3 LEAF SLUDGE, FI,ELD, MATURITY
331 0.57 e.8 53.5 HCL·HF 37 1.8 LEAF SLUDGE, FI'ELD, MATURITY
332 1.3 e.7 81.1 HCL·HF 15 1.2 LEAF SLUDGE, F1IELD, MATURITY
333 1.42 e.e 83.7 HCL·HiF 34 <.e LEAF SLUDGE, FIELD, MATU'RITY
334 2.4 e.4 105 HCL·HiF 40 2.8 LEAF SLUDGE, FJIELD, MATU'RITY
335 2.7e e.1 135.9 HCL·HF 45 . 3.8 LEAF SLUDGE, FIELD, MATUIRITY
335 3.44 5.8 135.9 HCL·HiF 49 1.8 LEAF SLUDGE, FlIELD, MATUIRITY
337 3.18 5.9 135.9 HCL·BF 62 1.7 LEAF SLUDGE, FJIELD, MATUIRITY
338 3.28' e.2 135.9 BCL-HiF 52 0.9 LEAF SLUDGE, FlIELD, MATUIRITY
339 3.1 e.4 135.9 HCL·HiF 84 <.e LEAF SLUDGE, FlIELO, MATUIR:ITY
340 3.15 e.5 135.9 HCL·HF 70 NA LEAF SLUDGE, FlIELD, MATUIRITY
341 34.1 10.4 14 Root
342 31s.7 7.5 21 Root
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TABLE F·3 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SiNCE LAST TAXONOMIC SERIES SOiL % % %

Mathe Mathe APPLICATN NAME NAME TEXTURE

305 0 0 NA PLAINFIELD SL
306 0 0 NA PLAINFIELD SL
307 0 0 NA PLAINFIELD SL
308 26.2 40.1 0 PLAINFIELD SL
309 8.1 48.2 0 PLAINFIELD SL
310 14.7 62.9 0 PLAINFIELD SL
311 17.7 80.6 0 PLAINFIELD SL
312 13.1 93.7 0 PLAINFIELD SL
313 17.8 111.5 0 PLAINFIELD . SL .
314 0 111.5 1 PLAINFIELD SL
315 0 111.5 2 PLAINFIELD SL
316 0 111.5 3 PLAINFIELD SL

.'\ 317 0 111.5 4 PLAINFIELD SL
318 0 111.5 5 PLAINFIELD SL
319 52.4 80.2 0 PLAINFIELD SL
320 16.2 96.4 0 PLAINFIELD SL
321 29.4 125.8 0 PLAINFIELD SL

. 322 35.4 161.2 0 PLAINFIELD SL.
323 26.2 187.4 0 PLAINFIELD 'SL

.324 35.6 223 0 PLAINFIELD SL
325 0 223 1 PLAINFIELD SL
326 0 223 2 PLAINFIELD SL
327 0 223 3 PLAINFIELD SL

: 328 0 . 223 4 : PLAINFIELD SL :

329 0 223 5 PLAINFIELD SL
330 104.8 180.4 0 PLAINFIELD SL
331 32.4 192.8 0 PLAINFIELD SL
332 58.8 251.8 '0 PLAINFIELD SL
333 70.8 322.4 0 PLAINRELD SL
334 52.4 374.8 0 PLAINFIELD SL
335 71.2 446 0 PLAINFIELD SL
336 0 .446 1 PLAINFIELD SL
337 0 446 2 PLAINFIELD SL
338 0 446 3 PLAINFIELD SL .
339 0 446 4 PLAINFIELD SL .
340 0 446 5 PLAINFIELD SL
341 0
342 75
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TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malkg malka malkg mglkg CONTNT PROCESSING STABILIZATN

305 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
306 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
307 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'lY, FECl3
308 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'lY, FECl3
309 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
310 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
311 '4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
312 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
313 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
314 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
315 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
318 4.2 5.5 205 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
317 4.2 5.5 305 . 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
318 4.2 5.5 305 3.3. 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
319 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
320 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
321 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
322 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DI'GESTlO,N CENT POLY, FECL3
323 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
324 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTIO,N CENT PO,LY, FECL3-
325 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
326 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT PO,LY, FECL3
327 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAERO'B\C DIGESTIO,N CENT PO,LY, FECL3

, 328 4.2 5.5 305 3.3 1189 : 4769 0.03 2NID TRTMNT, ANAEROBiC DIGESTIO,N : CENT POLY, FECL3
329 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMNT, ANAERO,BtC DI'GESTIO,N CENT POlLY, FECL3
330 4.2 5.5 305 3.3 1169 4789 0.03 2N:D TRTMNT, ANAEROBIC DIGESTlO'N CENT POLY, FECL3
331 4.2 5.5 305 . 3.3 1169 4769 0.03 2NID TRTMNT, ANAEROBIC DI'GESTION CENT POLY, FECL3
332 4.2 5.5 305 3.3 lU59 4789 0.03 2N'D TRTMNT, ANAERO'B1C D'I'GESTIO'N CENT POLY, FECL3

"333 4.2 5.5 305 3.3 1189 4789 0.03 2N'D TRTMNT, ANAEROBtC D,I,GESTION CENT POLY, FECL3
334 4.2 5.5 3'0'5 3.3 1189 4789 0.03 2NID TRTMNT, ANAERO'Bl'C D'J'GESTION CENT PO'LY, FECL3
335 4.2 5.5 305 3.3 1169 4769 0.03 2NID TRTMNT, ANAERO,BIC DI'GESTI'O,N CENT POLY, FECL3
338 4.2 5.5 305 3.3 1189 4789 0.03 2NID TRTMNT, ANAEROIB!IC D'IG·ESTION CENT POlLY, FECL3
337 4.2 5.5 3'0'5 3.3 1169 4789 0.03 2NID TRTMNT, ANAERO'BlC D:1'GESTlO,N CENT POLY. FECL3
338 4.2 5.5 30'5 3.3 1189 4789 0.03 2:NID TRTMNT, ANAERO'BI'C O:!IGESTION CENT POLY. FECL3
339 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. A.NA.EROIBt'C O>lGESTIIO'N CENT POLY. FECL3
340 4.2 5.5 30'5 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC D'I'GESTliO'N CENT POLY, FEOL3
3,41 28.3 8820 164 420
342 28.3 81520 184 420
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR DH % % % mgJ1<g mgJ1<g mgJ1<g

305 HINESLY 1985 CORN 3.2 265 2846 1311
306 HINESLY 1985 CORN 3.2 265 2846 1311
307 HINESLY 1985 CORN 3.2 265 2846 1311
30,8 HINESLY 1985 CORN 3.2 265 2846 1311
309 HINESLY 1985 CORN 3.2 265 2846 1311
310 HINESLY 1985 CORN 3.2 265 2846 1311
311 HINESLY 1985 CORN 3.2 265 2846 1311
312 HINESLY 1985 CORN 3.2 265 2846 1311
313 HINESLY 1985 CORN ;4;2 265 2846 1311
314 HINESLY 1985 CORN 3.2 265 2846 1311
315 HINESLY 1985 CORN 3.2 265 2846 1311

, 316 HINESLY 1985 CORN 3.2 265 2846 1311
317 HINESLY 1985 CORN 3.2 265- 2846 1311

I :C. 318 HINESLY 1985 CORN 3.2 265 2846 1311
319 HINESLY 1985 CORN 3.2 265 2846 1311
320 HINESLY 1985 CORN 3.2 265 2846 1311

, 321 HINESLY 1985 CORN 3.2 265 2846 1311
322 HINESLY 1985 CORN I 3.2 265 2846 1311

.' 323 HINESLY 1985 CORN 3.2 265 2846 1311
324 HINESLY 1985 CORN 3.2 265 2846 1311
325 HINESLY 1985 CORN , 3.2 265 2846 1311
328 HINESLY 1985 CORN 3.2 265 2846 1311
327 HINESLY 1985 CORN 3.2 265 2846 1311
328 HINESLY 1985 CORN : ,'3.2 265 : 2846 1311
329 HINESLY 1985 CORN '3.2 285 2846 1311 ,
330 HINESLY 1985 CORN 3.2 285 2848 ' 1311
331 HINESLY 1985 CORN 3.2 285 2846 1311
332 HINESLY 1985 CORN 3.2 265 2846 1311
333 HINESLY 1985 CORN 3.2 265 2846 1311
334 HINESLY 1985 CORN 3.2 265 2848 1311
335 HINESLY 1985 CORN 3:2 265 2846 1311
336 HINESLY ·1985 CORN 3.2 265 2846 1311
337 HINESLY 1985 CORN 3.2 265 2846 1311
338 HINESLY 1985 CORN 3.2 265 2846 1311
339 HINESLY 1985 CORN 3.2 265 2846 1311
340 HINESLY 1985 CORN 3.2 265 2846 1311
341 GILLIES ET AL 1989 Oat, Harmon 4.6 191 143
342 GILLIES ET AL 1989 Oat Harmon 4.6 191 143
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TABLE F·3 (cant.)

LOCATION
COMMENTS OF

STUDY

267 -DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOllET,llI.INOIS
268 -DOSE RESPONSE AND TISSUF 11 CON-':NTRATION NOT CONSlt -ENT JOLIET, ILLINOIS
269 , ; , JOLIET, ILLINOIS...'

~70 J.OLIET, ILLINOIS
271 JOLIET, ILLINOIS
272 JOLIET, ILLINOIS
273 JOLIET, ILLINOIS
274 JOLIET, ILLINOIS
275 JOLIET, ILLINOIS
276 JOLIET, ILLINOIS
277 JOLIET, illiNOiS
278 JOLIET, ILLINOIS
279 JOLIET, IWNOIS
280 JOLIET, IlliNOIS
281 JOLIET, ILLINOIS
282 JOLIET, IWNOIS
283 JOLIET, ILLINOIS
284 JOLIET, ILLINOIS
285 JOLIET, ILUNOIS
286 JOllET,IILLIINOI.S
287 JOLIET, IWNOIS
288 JOLIET, IWNOIS
289 JOLIET, I,W,NOIS

: 290 : JOLliET IWINOIS
291 JOLIET, IWINO,IS
292

o·
JOUET,liWlNO'IS

293 JOUET, IIW,N,OIS
• 294 JOUET, IILUN'O'\S

295 JOUET, \IWINO'\S
298 JOUET, ~WIN'O'IS

297 J'OUET, IW'N'O,IS
291 J'OUET. \IWINO'\S

. 29'9 J'OUET, \IWINO,IS
300 J'OUET. \WIN'O'IS
301 JIOUET, liLUN'O'IS
3102 J'OUET, IWINIOIIS
3103 J'OUET. IWINIOII,S
30-4 JOUET liWIN'OIS
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

267 60* GRAIN 0 STOVER *NO
268 28* GRAIN 0 STOVER *NO
269 0 GRAIN 0 STOVER NO
270 0 GRAIN 0 STOVER NO
271 . 0 GRAIN 0 STOVER NO
272 0 GRAIN 0 STOVER NO

. 273 0 GRAIN 0 STOVER NO
274 0 GRAIN 0 STOVER NO
275 0 GRAIN NA STOVER NO
276 0 GRAIN 0 STOVER NO
277 0 GRAIN 0 STOVER NO
278 0 GRAIN 0 STOVER NO
279 0 GRAIN 0 STOVER NO
280 0 GRAIN 0 STOVER NO
281 0 GRAIN 0 STOVER NO
282 0 GRAIN 0 STOVER NO
283 0 GRAIN" 0 STOVER NO
284 0 GRAIN 0 STOVER NO
285 0 GRAIN 0 STOVER NO
286 ·0 GRAIN NA STOVER NO
287 0 GRAIN 0 STOVER . NO
288 0 GRAIN 0 STOVER NO
289 0 GRAIN 0 STOVER NO
290 0 GRAIN 0 :STOVER NO
291 0 GRAIN 0 STOVER NO
292 0 GRAIN 0 STOVER NO
293 0 GRAIN 0 STOVER NO
294 0 GRAIN 0 .STOVER NO
295 0 GRAIN 0 STOVER NO
296 0 GRAIN" 0 STOVER . NO
297 0 GRAIN NA STOVER NO
298 0 GRAIN 0 STOVER NO
299 0 GRAIN 0 STOVER NO
300 0 GRAIN 0 STOVER . NO

301 0 GRAIN 0 STOVER NO
302 0 GRAIN 0 STOVER NO
303 0 GRAIN 0 STOVER NO
304 0 GRAIN 0 STOVER NO
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TABLE F-3 (cont.)

SOIL SOIL CUMM Ni SOIL Ni PLANTNi PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % DH RATE (kalha) EXTRACTANT maiko maiko SAMPLED

267 1.58 7.4 21 HCL-HF 39 0.6 LEAF SLUDGE, RELD, MATURITY
268 1.54 7.1 26.3 HCL-HF 32 0.9 LEAF SLUDGE, FIELD, MATURITY
269 1.64 6.9 34 HCL-HF 31 <.6 LEAF SLUDGE, RELD, MATURITY
270 1.69 6.9 34 HCL-HF 32 0.8 LEAF SLUDGE, FIELD, MATURITY
271 1.91 7 . 34 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY
272 1.66 7.3 34 HCL-HF 33 <.6 LEAF SLUDGE, RELD, MATURITY
273 2.05 7.1 34 HCL-HF 32 NA LEAF SLUDGE, RELD, MATURITY
274 1.95 7.2 34 HCL-HF 34 <.6 LEAF SLUDGE, FIELD, MATURITY
275 1.71 NA 25.2 HCL-HF 22 1.5 LEAF SLUDGE, FIELD MATURITY
276 1.57 6.9 26.8 . HCL-HF 29 1.3 LEAF SLUDGE, FIELD, MATURITY
277 1.57 7.3 30.6 HCL-HF 24 1.2 LEAF SLUDGE, FIELD, MATURITY
278 1.79 7.1 41.9 . HCi.-HF 41 0.5 LEAF SLUDGE, FIELD, MATURITY
279 1.93 6.9 52.5 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY
280 2.09 6.6 68 HCL-HF 37 1 LEAF SLUDGE, RELD, MATURITY
281 2.37 6.4 68 HCL·HF 39 1.1 LEAF SLUDGE, RELD, MATURITY
282 2.4 6.4 68 HCL·HF 49 0.7 LEAF SLUDGE, RELD, MATURITY
283 2.4 8;8 68 HCL-HF 41 NA LEAF SLUDGE, FIELD, MATURITY
284 2.38 6.8 68 HCL-HF 35 <.8 LEAF SLUDGE, FIELD, MATURITY
285 2.48 7.2 68 HCL-HF 44 <.6 LEAF SLUDGE, FIELD, MATURITY
286 2.08 NA 50.4 HCL-HF 27 1.3 LEAF SLUDGE, FIELD, MATURITY
287 2 8.4 53.5 HCL-HF 27 1.4 LEAF SLUDGE, FIELD, MATURITY
288 1.78 8.4 61.1 HCL-HF 30 1.2 LEAF SLUDGE, RELD, MATURITY
289 2.87 8.2 83.7 HCL·HF 41 <.8 LEAF SLUDGE, FIELD, MATURITY
29'0 2.72 8.1 105: HCL-HF 44 0.8 LEAF: SLUDGE, RELD, MATURITY
291 3.53 5.4 135.9 HCL·HF 52 1.5 LEAF SLUDGE, FIELD, MATURITY
292 3.35 5.5 135.9 HCL·HF 55 1.7 LEAF SLUDGE, FIELD, MATU'RITY
293 3.29 5.8 135.9 HCL-HF 51 NA LEAF SLUDGE, FI'ELD, MATU'RITY
294 2.88 8 135.9 HCL·HF 48 1 LEAF SLUDGE, RELD, MATU'RITY
295 3.02 8 135.9 HCL-HF 47 0.7 LEAF SLUDGE, RIELD, MATU'RITY
298 2.2 8.3 135.9 HCL·HF 48 0.8 LEAF SLUD'GE, FIIELD, MATUIRITY
297 0.38 NA 0 HCl-HF 11 1.2 LEAF SLUDGE, R,ELD, MATUIRITY
298 0.17 7 0 HCL-HF 12 1.8 LEAF SLUDG,E, RIELD, MATU'RITY
299 0.21 7.2 0 HCL·HJF 8 0.8 LEAF SLUD'GE, RIELD, MATU'RITY
3'00 0.42 7.1 0 HCl·HF 13, <.8 LEAF StuD'GE, RIELD. MATUIRITY
3'01 0.44 7 0 HCl.-HF 18 0.7 LEAF SlUDG,E, RIELD, MATUIRlTY
3,02 O.S,IS 1S.9 0 HCL-HF 33 <.8 LEAF SWDGE, RIELD, MATUIRITY
3,03 0.41 7 0 HCL-HF 15 NA LEAf SLUDGE, RiEtO, MATUIRlTY
304 0.75 7 0 HCL-HF 19 0.8 LEAF SLUDGE. RIELD. MATUIRITY
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TABLE F-3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SiNCE LAST TAXONOMIC SERIES SOIL % % %

Mg/ha Mglha APPLICATN NAME NAME TEXTURE..
267 17.7 80.6 0 ELLIOT SiL
268 13.1 93.7 0 ELLIOT SiL
269 17.8 111.5 0 ELLIOT SiL
270 0 111.5 1 ELLIOT SiL
271 0 111.5 2 ELLIOT SiL
272 0 111.5 3 ELLIOT SiL
273 0 111.5 4 ELLIOT SiL
274 0 111.5 5 ELLIOT SiL
275 52.4 80.2 0 ELLIOT SiL .
276 16.2 96.4 0 ELLIOT SiL
277 29.4 125.8 0 ELLIOT SiL
278 35.4 161.2 0 ELLIOT SiL

I" 279 26.2 187.4 0 ELLIOT SiL
, 280 35.6 223 0 ELLIOT SiL

281 0 223 1 ELLIOT SiL
282 0 223 2 ELLIOT SiL
283 0 223 3 ELLIOT SiL

,·284 0 223 4 ELLIOT SiL
285 0 223 5 ELLIOT SiL

.286 104.8 160.4 0 ELLIOT SiL
287 32.4 192.8 0 ELLIOT SiL
288 . 58.8 251.6 0 ELLIOT SiL
289 70.8 322.4 0 ELLIOT SiL
290 52.4 374.8 0 : ELLIOT SiL :

291 71.2 446 o . ELLIOT SIL
292 0 446 1 ElLIOT SiL
293 0 446 2 ELLIOT SIL .
294 0 446 3 ELLIOT SiL
295 0 446 4 ELLIOT SiL
298 0 446 5 ELLIOT SiL
297 0 0 NA PLAINFIELD SL
298 0 0 NA PLAINFIELD SL
299 0 0 NA PLAINFIELD SL
300 0 0 NA PLAINFIELD SL .
301 0 0 NA PLAINFIELD SL .
302 0 0 NA PLAINFIELD SL
303 0 0 NA PLAINFIELD SL
304 0 0 NA PLAINFIELD SL
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TABLE J=.3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka malka malkg CONTNT PROCESSING STABILIZATN

267 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
268 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
269 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
270 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
271 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
272 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECL3
273 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
274 4.2 5.5 305 3.3 1.169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
275 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
276 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
277 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
278 4.2 5.5 305 '" '" 1169 4169 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3.....
279 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
280 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
281 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
282 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
283 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
284 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
285 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMiNT, ANAEROBIC DIGESTION CENT POLY, FECL3
286 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAERO'BIC DIGESTION CENT POLY, FECL3
287 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
288 4.2 5.5. 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
289 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'LY. FECL3
29,0 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAERO,BlC D,IGESTION CENT POLY, FECL3
291 4.2 5.5' 305 3.3 1169 4789 0.03 2N,D TRTMNT. ANAEROBIC DIGESTlO,N CENT POLY, FECL3
292 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAERO'BIC DIGESTlO,N CENT POLY. FECL3
293 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT. ANAEROBIC D,IGESTION CENT PO'LY, FECLa
294 4.2 5.5 305 3.3 1189 4769 0.03 2ND TRTMiNT. ANAERO'B1,C DIGESTION CENT POlLY, FECLa
'295 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. AN.AEROIBIC DIGESTION CENT POLY. FECL3
298 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT. ANAERO'B1'C D,IGESTION CENT POLY. FEW
297 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMINT. ANAERO'B1C DI,GESTION CENT POlLY. FECL3
298 4.2 5.5 305 3.3 1169 4769 0.03 2NID TRTMNT, ANAERO'BlC D,I'GESTION CENT PO'LY. FECLa
299 4.2 5.5 30'5 3.3 1189 4789 0.03 2NID TRTMNT. ANA·ERO'BlC D,IGESTION CENT POlLY. feW
3'00 4.2 5.5 3106 3.3 1189 4789 0.03 2NID TRTMNT, ANAEROIBIC D'I'GESTIOIN CENT POLY. FECL3
301 4.2 5.5 3,06 3.3 1189 4769 0.03 2ND TRTMNT. ANAERO'B1C D'IGESTION CENT POLY FECl3
302 4.2 5.5 30'5 3.3 1189 4769 0.03 2NID TRTMNl', ANAERO'Bl,C D'IGESTI'O'N CENT POLY, FECL3
303 4.2 5.5 3'06 3.3 1169 4789 0.03 2NID TRTMNT, ANAERO'B1C DI'GESTI,ON CENT POLY fECL3
304 4.2 5.5 3,05 3.3 1169 4769 0.03 2NiD TRTMINT ANAERO'B1C D,IIGESTION CENT POLY FECL3

J=.158



~:,
~
~

fi
;:f}
,J;

~
,.~.

'II,

'~

I,~\

,~,

~

I •••••.

TABLE F·3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATiON NAME CULTIVAR pH % % % malka malka malka

267 HINESLY 1985 CORN 3.2 265 2846 1311
268 HINESLY 1985 CORN 3.2 265 2846 1311
269 HINESLY 1985 CORN . 3.2 265 2846 1311

.270 HINESLY 1985 CORN 3.2 265 2846 1311
271 HINESLY 1985 CORN 3.2. 265 2846 1311
272 HINESLY ·1985 CORN

,
3.2 265 2846 1311

273 HINESLY 1985, CORN 3.2 265 2846 1311
274 HINESLY 1985 CORN 3.2 265 2846 1311
275 . HINESLY 1985 CORN 3.2 265 2846 1311
276 HINESLY 1985 CORN 3.2 265 2846 1311
277 HINESLY 1985 CORN 3.2 265 2848 1311
278 HINESLY 1985 CORN 3.2 265 2848 1311

':,: 279 HINESLY 1985 CORN 3.2 265 2848 1311
280 HINESLY 1985 CORN 3.2 265 2848 1311
281 HINESLY 1985 CORN 3.2 265 2848 1311
282 HINESLY 1985 CORN 3.2 265 2846 1311
283 HINESLY 1985 CORN 3.2 285 2848 1311
284 HINESLY 1985 CORN I 3.2 285 2846 1311
285 HINESLY 1985 CORN 3.2 285 .' 2848 1311
286 HINESLY 1985 CORN 3.2 285 2846 1311
287 HINESLY 1985 CORN 3.2 285 2848 1311
288 HINESLY 1985 ' CORN 3.2 265 2846 1311
289 . HINESLY 1985 . CORN 3.2 265 2848 1311
290 HINESLY 1985 CORN : . 3.2 265 2848 1311
291 HINESLY 1985 CORN -3.2 285 2848 1311 .
292 HINESLY 1985 CORN 3.2 265 2848 - 1311
293 HINESLY 1985 CORN 3.2 285 2848 1311
294 HINESLY 1985 CORN 3.2 265 2848 1311
295 HINESLY 1985 CORN 3.2 285 2848 1311
296 HINESLY 1985 CORN 3.2 285 2848 1311
297 HINESLY 1985 CORN . 3.2 285 2848 1311
298 HINESLY ~ 985 CORN 3.2 265 2848 1311
299 HINESLY 1985 CORN 3.2 285 2848 1311
300 HINESLY 1985 CORN 3.2 265 2848 1311
301 HINESLY 1985 CORN 3.2 265 2848 1311
302 HINESLY 1985 CORN 3.2 265 2848 1311
303 HINESLY 1985 CORN 3.2- 265 2846 1311
304 HINESLY 1985 CORN 3.2 265 2846 1311
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TABLE F·3 (cant.)

LOCATION
COMMENTS OF

STUDY

229 JOLIET, ILLINOIS
230 JOLIET, ILLINOIS--231 . . : JrJUET, ILLINOIS

'-232 .1·-1 JOLIET, IUINOIS
233 JOLIET, ILLINOIS
234 JOLIET, ILLINOIS
235 JOLIET, ILLINOIS
236 JOLIET, ILLINOIS
237 JOLIET, IUINOIS
238 JOLIET, ILLINOIS
239 JOLlET,IUINOIS
240 "DOSE RESPONSE AND TISSUE Nl CONCENTRATION ~JOT CONSISTENT JOUET,IUINOIS
241 -DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLIET, ILLINOIS
242 -DOSE RESPONSE AND TISSUE NI CONCENTRATION NOT CONSISTENT JOLlET,IUINOIS
243 JOLIET, ILLINOIS
244 JOLlET,IUINOIS
245 -DOSE RESPONSE AND TISSUE NI CONCENTRATiON NOT CONSISTENT JOLlET,ILLINO'IS
246 JOLIET, IUINOIS
247 JOLlET,IUINO'IS
248 JOLIET, ILLINOIS
249 JOUET, IUINOIS
250 JOUET,ILLINO'IS
251 JOUET,ILUNO'IS
252 , J'OLlET,I,LUNOIS
253 JOLIET, ILUNO,IS
254 J'OLlET, I'LUNOIS
255 J'OUET, IILUN'O,IS
258 J'OUET, IWN'O,IS
257 JOLlET,IIUI'NO,IS
258 JOLlET,I'lLIN'OIS
259 . JOLIET, IWNOIS
260 J'OUET, IIWIN'O'IS
281 J'OUET, IIWIN'OIS
282 J'OUET, (IWINOIS
283 J'OUET, IIWIN'O,IS. 284 J,oUEt I'WN'O,IS
2lSS J'OUET,IIWN'O'IS
2.88 J'OUET IIWIN'O'I:S
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

'229 0 GRAIN 0 STOVER NO
230 0 GRAIN 0 STOVER NO

. 231 0 GRAIN 0 STOVER NO
232·' 0 GRAIN 0 STOVER NO
233 0 GRAIN NA STOVER NO
234 . 0 GRAIN 0 STOVER NO
,235 0 GRAIN 0 STOVER NO
236 0 GRAIN 0 STOVER NO
237 0 GRAIN 0 STOVER NO
238 0 GRAIN NA STOVER NO
239 0 GRAIN 0 STOVER NO
240 0 GRAIN 37- STOVER -NO
241 60- GRAIN 0 STOVER -NO
242 28- GRAIN 0 ,STOVER -NO
243 0 GRAIN NA STOVER NO
244 0 GRAIN 0 STOVER NO
245 0 GRAIN 22- STOVER -NO
246 0 GRAIN 0 STOVER NO
247 0 GRAIN 0 STOVER NO
248 0 GRAIN NA STOVER NO
249 0 GRAIN 0 STOVER .NO
250 0 GRAIN 0 STOVER NO
251 0 GRAIN 0 STOVER NO
252 0 GRAIN :0 STOVER NO
253 0 GRAIN ,NA STOVER NO
254 0 GRAIN 0 STOVER NO
255 0 GRAIN 0 STOVER NO
256 0 GRAIN 0 STOVER NO
257 0 GRAIN 0 STOVER NO
258 0 GRAIN 0 STOVER NO
259 0 GRAIN 0 STOVER NO
260 0 GRAIN 0 STOVER NO
261 '0 GRAIN 0 STOVER NO
262 0 GRAIN 0 STOVER NO
263 0 GRAIN 0 STOVER NO
264 0 GRAIN NA STOVER NO
265 0 GRAIN 0 STOVER NO
266 0 GRAIN 0 STOVER NO
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TABLE F-3 (cant.)

SOIL SOIL CUMM Ni SOIL Ni' PLANT Ni PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollko % pH RATE (kalhal EXTRACTANT mglko maiko SAMPLED

229 2.84 6 135.5 HCL-HF 38 2.5 LEAF SLUDGE. FIELD. MATURITY
230 3.35 5.9 . 135.5 HCL-HF 73 1.7 LEAF SLUDGE. FIELD. MATURITY
231 2.1 6.2 135.5 HCL-HF 39 1.4 LEAF SLUDGE. FIELD. MATURITY
232 3.03 6.1 135.5 HCL-HF 63 <.6 LEAF SLUDGE. FIELD. MATURITY
233 1.19 NA 0 HCL-HF 22 1.3 LEAF SLUDGE. FIELD. MATURITY
234 1.01 7.1 0 HCL-HF 25 1.4 LEAF SLUDGE. FIELD. MATURITY
235 0.93 7.5 0 HCL·HF 25 1.1 LEAF SLUDGE. FIELD. MATURITY
236 1.05 7.7 0 HCL-HF 33 <.6 LEAF SLUDGE. FIELD. MATURITY
237 1.07 7.3 0 HCL-HF 21 0.8 LEAF SLUDGE. FIELD. MATURITY
238 1.29 NA 12.6 HCL-HF 26 1.3 LEAF SLUDGE. FIELD. MATURITY
239 1.06 7.2 13.4 HCL-HF 33 1.6 LEAF SLUDGE. FIELD. MATURITY
240 1.1 7.6 15.3 . HCL-HF 29 0.9 LEAF SLUDGE. FIELD. MATURliY
241 1.29 7.6 21 HCL-HF 36 <.6 LEAF SLUDGE. FI~LD. MATURITY
242 1.17 7.6 26.3 HCL-HF 29 0.7 LEAF SLUDGE. FIELD. MATURITY
243 1.38 NA 25.2 HCL-HF 29 1.2 LEAF SLUDGE. FIELD. MATURITY
244 1.15 7.1 26.8 HCL-HF 32 1.1 LEAF SLUDGE. FIELD. MATURITY
245 1.29 7.6 30.6 HCL·HF 28 0.9 LEAF SLUDGE. FIELD. MATURITY
246 1.58 7.e 41.9 HCL·HF 36 <.6 LEAF SLUDGE. FIELD. MATURITY
247 1.75 7.5 52.5 HCL·HF 36 0.6 LEAF SLUD'GE. FIELD. MATURITY
248 1.63 NA 50.4 HCL·HF 31 1.2 LEAF SLUDGE. FIELD. MATURITY
249 1.28 6.9 53.5 HCL·HF 41 1.6 LEAF SLUDGE. FIELD. MATURITY
250 1.59 7.5 61.1 HCL·HF 38 0.9 LEAF SLUDGE. FI'ELD. MATURITY
251 1.9 7.5 83.7 HCL·HF 45 <.6 LEAF SLUDGE. FlIELD. MATURITY
252 2.56 7.3 105 HCL-HF 48 0.9 : LEAF SLUDGE. FlIELD. MATURITY
253 1.51 NA 0 HCL·HF 20 1.3 LEAF SLUDGE. FIELD. MATURITY
254 1.34 7 0 HCL·HF 24 1.5 LEAF SLUDGE, FIELD. MATUIRITY
255 1.29 7.2 0 HCL·HiF 25 0.7 LEAF SLUD'GE. FIELD. MATURITY
258 1.45 7.1 0 HCL-HF 31 <.6 LEAF SLUD'GE, FIELD, MATURITY
257 1.3 7.8 0 HCL-HF 20 0.6 LEAF SLUDGE FIELD, MATURITY
258 1.3 7 0 HCL·HiF 38 <.6 LEAF SLUDGE, FlIELD, MATUIRITY
259 1.41 7.2 0 HCL-HiF . 23 0.7 LEAF SLUDGE FJELD, MATUIRITY
260 1.32 6.7 0 HCL-HF 24 0.6 LEAF SLUDGE. F\IELD, MATU'RITY
261 1.38 7 a HCL-HiF 21 <.6 LEAF SLUDGE. F\IELD, MATUIRITY
262 1.69 7 0 HrCL·HiF 23 <.6 LEAF SLUDGE. FI'ELD, MATUIRITY
283 1.48 7.4 a HCL·HiF 29 NA LEAF SLUDGE. F\IELD, MATURITY
264 1.52 HI. 12.8 HCL-HiF 22 1.2 LEAF SLUDGE. F\IELD MATUIRITY
26·5 1.4 6.9 13.4 HrCL-HiF 32 1 LEAF SWDGE, F\IELD, MATURITY
266 1.35 7.2 15.3 HC(..HF 22 0.9 lEAF SWDGE F\lao MATUIR:1TY
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TABLE F-3 (coot.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOiL % % %

Malha Molha APPLICATN NAME NAME TEXTURE

229 0 428.3 l' PLAINFIELD SL
230 0 428.3 2 PLAINFIELD SL
231 0 428.3 3 PLAINFIELD SL
232 0 428.3 4 PLAINFIELD SL
233 0 '0 NA BLOUNT SiL
234 0 0 NA BLOUNT SIL
235 0 0 NA BLOUNT SiL
236 0 0 NA BLOUNT SiL
237 0 0 NA BLOUNT SiL .
238 28.2 40.1 0 BLOUNT SiL
239 8.1 48.2 0 BLOUNT SiL _
240 14.7 62.9 0 BLOUNT SIL

-~, 241 17.7 80.8 0 BLOUNT SiL-
. ;;·242 13.1 93.7 0 BLOUNT SIL

243 52.4 - 80.2 0 BLOUNT SIL
244 18.2 98.4 0 BLOUNT SIL

"·245 29.4 125.8 0 BLOUNT SIL
248 35.4 181.2 0 BLOUNT SIL
247 28.2 187.4 0 BLOUNT SIL

.248 104.8 180.4 0 BLOUNT SIL
249 32.4 192.8 . 0 BLOUNT SIL
250 . 58.8 251.8 0 BLOUNT SIL
251 70.8 322.4 0 BLOUNT, SIL
252 52.4 374.8 0 : BLOUNT SIL :

253 ° ° NA ELLIOT SIL
254 ° ° NA EUIOT SIL
255 ° ° NA ELLIOT SIL .
258 0 ° NA EWOT SIL
257 0 0 NA ELLIOT SIL
258 ° ° NA ELLIOT SIL
259 ° ° NA ELLIOT SIL
280 0 ° NA ELLIOT SIL
281 ° ° NA ELLIOT SiL
282 ° ° NA ELLIOT SiL .
283 ° ° NA ELLIOT SIL .
284 28.2 40.1 0 ELLIOT SiL
285 8.1 48.2 ° ELLIOT SIL
268 14.7 62.9 ° ELLIOT SiL
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TABLE F·3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOLIDS BIOLOGICAL CHEMICAL
% % malka malka mglkg malka CONTNT PROCESSING STABILIZATN

229 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
230 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
231 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
232 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY, FECL3
233 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
234 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
235 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
236 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
237 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
238 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
239 4.2 5.5 305 ·3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
240 4.2 5.5 305 .3.3 ii69 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECL3
241 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
242 4.2 5.5 305 3.3 . 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
243 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
244 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
245 4.2 5.5 305 3.3 1169 . 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
246 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
247 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
248 4.2 5.5 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC D<JGESTION CENT POLY, FECL3
249 4.2 5.5 305 3.3 1169 4769 . 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'LY,FECl3
250 4.2 5.5· 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAEROBIC DI'GESTlO'N CENT POLY, FECL3
251 4.2 5.5 305 3.3 1169 4769 0.03 2N'D TRTMNT, ANAEROBI'C D'IGESTlO'N CENT POLY, FECL3
252 4.2 5.5 305 3.3 1169 4789 0.03 2ND TRTMNT, ANAEROBIC DIGESTI'ON : CENT POLY, FECL3
253 4.2 5.5' 305 3.3 1169 4769 0.03 2ND TRTMNT, ANAERO'BIC DIGESTION CENT POLY, FECL3
254 4.2 5.5 305 3.3 1189 4789 0.03 2N'D TRTMNT, ANAERO,BIC DIGESTION CENT POLY, FECL3
255 4.2 5.5 305 .3.3 1169 4789 0.03 2ND TRTMlNT, ANAERO'BIC DIGESTION CENT POLY, FECl3
256 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROBIC DJiGESTlON CENT PO,LY, FECL3
'257 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAERO'BIC D'IGESTION CENT PO'LY. FECl3
25B 4.2 5.5 305 3.3 1189 4789 0.03 2ND TRTMNT, ANAEROB'IC DmeSTlON CENT POLY. FECLS
259 4.2 5.5 30S 3.3 1189 4769 0.03 2NID TRTMiNT, ANAERO,BIIC D'IIGESTI'O'N CENT PO'LY, FECLS
260 4.2 5.5 305 3.3 1189 4789 0.03 2NID TRTMNT, ANAERO'B(C D,I'G£STI'O'N CENT POLY, FECL3
281 4.2 5.5 3'OS 3.3 1189 4789 0.03 2ND TRTMNT, ANAERO'B1C D'\iG£SnON CENT POlLY, FECLS
282 4.2 5.5 305 3.3 1189 4789 0.03 2NO TR1MiNT ANAERO'Bl'C D'\IGeSnON CENT POLY FECl3
283 4.2 5.5 305 3.3 1189 4789 0.03 2N'D TRTMNT. ANAEROIB(C OlGESTI'O,N CENT PO'LY FECl3
284 4.2 5.5 30S 3.3 1189 4789 0.03 2NID TRTMINT ANAERO'BI'C D'1,GESTI,ON CENT POLV. FECL3
265 4.2 5.15 30S 3.3 1169 4789 0.03 2NO TRTMINT. ANA·EROIBIC o<\IGESTI'OIN CENT POlLY, FECL3
288 4.2 5.5 30'5 3.3 lHS9 4769 0.03 2NID TRTMINT ANAEROB('C O'I'GESTI'ON CENT PO,LY, FEeL3
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. TABLE F-3 (cant.)

.. ' SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE 'SLUDGE
.,., LITERATURE PLANT . ' . " SLUDGE VOL.SOLIDS ,AI Ca' ,. Cd' , ,; .oCr ~.. ' 'Cu

CITATION ,. ··NAME CULTIVAR pH ,;',%' % "% ' malka malka ,. malka
,

, , ". . '. : . ."''' ~'" ..t~ I::','·; '• ',:

229 HINESLY 1985 ' .. ,C.ORN 3.4 263 2963 1422
230 HINESLY 1985 CORN . 3.4 .263 2963~ . ~1422

231 HINESLY1985 CORN 3.4 263 . 2963 ,. "1422
232 HINESLY 1985 CORN 3.4 263 j 2963" . 1422
233 HINESLY 1985 CORN 3.2 265 . , 2846 1311
234 HINESLY 1985 .... '.' CORN 3.2' 265' .2846 .1311
235 HINESLY 1985 ' CORN ;. ' 3.2 265 ' '·'2846 .. '1311
236 HINESLY 1985 CORN 3.2 265 . ,2846· '1.311
237 .. HINESLY 1985 CORN 3.2 265 .. ·:2846' 1311
238 HINESLY 19S5 CORN 3.2 265 2846' 1311
239 • HINESLY 1985 CORN

,..
3.2 265 2846, . 1.311

240 HINESLY ·1985 CORN 3.2 265 ..... 2846 1311
241 HINESLY 1985 CORN 3.2 265 '2846 1311
242 e. HINESLY 1985 CORN 3.2 265 . 2848 ., \311
243 HINESLY 1985 CORN 3.2· 265:' ...2846 ,1311
244 HINESLY 1985 CORN ' 3~2 . 265· e ,,2846' _ 1311

245 HINESLY 1985 .' CORN , 3.2 ' 265 '.' .. 2846, 1311
246 HINESLY 1985 CORN ,. "] 3.2 265 I 2846 ·1311
247 HINESLY 1985 CORN 3.2 265 2846: 1311
248 HINESLY 1985 CORN" 3.2 ,265 '.2846 1311
249 HINESLY 1985 CORN ;. 3.2 . 265 ·.2846 1311

·250 HINESLY 1985 CORN 3.2 265· 2846 1311
251 HINESLV 1985 CORN

..' 3.2 ' 265 ·.2846 1311
252 HINESLY 1985 ., CORN : 3.2 . : 265 '. '2846 .1311 '
253 HINESLY 1985 CORN .. : :3.2.' , 265.··· " 2846·': 1311
254 HINESLY 1985'. ' CORN " , 3.2 265 2846, 1311
-255 HINESLY 1985 CORN

.
3.2 '265 2846 1311

256 . HINESLY 1985 CORN .... 3.1 265 ... 2848 1311
257 HINESLY 1985 CORN '. '. • 3.2" '265 2846 1311
258 HINESLY 1985 CORN "3.2 . 2.85. "'2846' 1311
259 HINESLY 1985 CORN 3.2 ' '265 ,:28.46 1311
260 : -HINESLY,1985 CORN

. ,
3.2 265 2846 , .•1311

261 HINESLY 1985 .. CORN·· .. 3.2 ", 265.: . 2846' 1311
262 HINESLY 1985 CORN .. 3.2 .. 265, ,.2846 1311
'263 HINESLY 1985 CORN 3.2 '265 . .,""2846 1311
264 HINESLY 1985 CORN 3.2 265" '2846 1311
265 HINESLY 1985 CORN 3.2. 265 2846 1311
266 HINESLY 1985 CORN 3.2 265 2846 1311
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TABLE F-3 (cont.)

LOCATION
COMMENTS OF

STUDY

191 JOLIET, ILLINOIS
192 JOLIET, ILUNOIS-- I

193 : : .JOLIET, ILLINOIS
194 .. I·'" JOLIET, IWNOIS
195 JOLIET, ILLINOIS
196 JOLIET, ILLINOIS
197 JOLIET, ILLINOIS
198 JOLIET, ILLINOIS
199 JOLIET, ILUNOIS
200 JOLIET, ILUNOIS
201 JOLIET, ILLINOIS
202· JOLIET, ILLINOIS
203 JOLIET. ILLINOIS
204 JOLIET. ILLINOIS
205 JOLIET, ILUNOIS
205 JOUET, ILLINOIS
207 JOLIET, ILLINOIS
208 JOUET,IWNOIS
209 JOLIET, ILLINOIS
210 JOLIET, ILLINOIS
211 JOLIET, lilUNOIS
212 JOLIET, IWNOIS
213 JOLIET. ILUNOIS
214 : J'OUET. IWNOIS
215 J'OUET. IIW:NO'IS
218 J'OUET. IIWIN'O,IS
217 JOUET, IWIN,O,IS
218 JOLIET, IWNOIS
219 J'OUET. IWIN'O,IS
220 J'OUET, IIWIN'O,IS
221 . JOUET. IWINO,IS
222 J,OUET. IWINOIIS
223 J,OUET. IIWIN,OIS
224 J'OUET. IWIN'O'1S
225 . J:OUET.IIWIN,O'IS
22S J'OUET. IIWIN'O·!S
227 J'OUET. tWINIOI!S
228 J'OUET IIWiN'O'IS
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TABLE F-3 (cont.)

.... , 'SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE . SLUDGE
LITERATURE PLANT

." "- ..,. ~ '.. SLUDGE VOL,SOLIDS .AI Ca' "" Cd' ,; ,~r: :'Cu,
CITATION : NAME CULTIVAR pH ," ,,%, "', % '% malka maika' 'malka

" ,
, , . ' .' .",,0' . :-'!:"'-''::'' .,;. :" ..

229 HINESLY 1985 " ,CORN 3.4 263 , '2963 ,1422
230 HINESLY 1985 CORN ,3.4 ,263 , 2963' '. '1422
231 HINESLY1985 CORN 3.4 • 263 ',2963' ," . '1422
232 HINESLY 1985 CORN

,
" .3.4 263'" ; 2963' 1422

233 HINESLY 1985 CORN ,.' 3.2 265, ' ·2846 ' 1311
234 HINESLY 1985 ., CORN 3.2' 265' 2846 1311
235 HINESLY 1985 . CORN 3.2 265 " :"2848, 1311
238 HINESLY 1985 CORN 3.2 265 2848· ' '1311
237 ' HINESLY 1985 CORN 3.2 265. ·2848 1,311
238 HINESLY 1985 CORN 3.2 265 2848' 1'311
239 . HINESLY 1985 CORN , 3.2 "265 2848 1311
240 HINESLY 1985 CORN 3.2 265 ,,2848· 1311
241 HINESLY 1985 CORN 3.2 285 .• 2848 1311
242 HINEsLY 1985 CORN " 3.2 265 2846' 1311
243 HINESLY 1985 CORN 3.2' 285··; .,2848 1311
244 " HINESLY 1985 CORN ~ '.. 3.2 265 " ·2848' "" 1311
245 HINESLY 1985 CORN 3.2 285 " " 2848, 1311
248 HINESLY 1985 CORN .... 3.2 . 285 I'· 2848' '1311
247 HINESLY 1985 CORN 3.2 285 2848' 1311
248 HINESLY 1985 CORN' 3.2 ,,285 : 2848 . 1311
249 HINESLY 1985 CORN

"

3.2 285 ,,2848 1311
250 HINESLY 1985 CORN 3.2 285,' 2848 1311
251 HINESLV 1985 CORN 3.2 ' 285 2848 ' 1311

252 HINESLY 1985 CORN : '. 3.2 ' : 285 ' -2848 1311 ..
253 HINESLY 1985 CORN ' '., ':3.2 . . 285::· '2848': 1311
254 HINESLY 1985' .. ':., CORN ' " '.

, 3.2 285 '2848, 1311
'255 HINESLY 1985 CORN .,i 3.2 '265 2848 1311
258 HINESLY 1985 ':. CORN 3~2 285 ,.2848 1311
257 -·HINESLY1985 CORN '. '3.2. 265 -2848 1311
258 HINESLY 1985 ' CORN 3.2 265- '2848" 1311
259 HINESLY 1985 CORN 3.2 285 . 28148 1311
260 . ,. HINESLY,1985 CORN

' ,
3.2 285 2848 , ,:1311," ..

261 ., HINESLY 1985 '. tORN· .. . 3.2 ,'. " 285' ",2848' :U11
262 HINESLY 1985 CORN 3.2 :.285" ,.,2848 ' 1311

263 HINESLY 1985
. ,. CORN' .. 3.2 265 ' ::>-2848 1311

284 " HINESLY 1985 CORN 3.2 285' 2848 1311
265 HINESLY 1985 CORN 3.2, 285 2848 1311
268 HINESL" 1985 CORN 3.2 265 2848 1311
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TABLE F-3 (cont.)

", .

J••~,~,_,

LOCATION
COMMENTS OF

STUDY

191 JOLIET, ILLINOIS
192 JOLIET, ILLINOIS-- - .

_.J93 ..: , . : . , .10LlET, ILLINOIS
194 '·I·,j JOLIET, ILLINOIS
195 JOLIET, ILLINOIS
196 JOLIET, ILLINOIS
197 JOLIET, ILLINOIS
198 JOLIET, ILLINOIS
199 JOLIET, ILLINOIS
200 JOLIET, ILLINOIS
201 JOLIET, ILLINOIS
202 JOUET, ILLINOIS
203 JOLIET. ILLINOIS
204 JOLIET, ILlINOIS
205 JOLIET, ILLINOIS
20& JOLIET, ILlINOIS
207 JOLIET, ILLINOIS
208 JOUET, ILLINOIS
209 JOLIET, ILLINOIS
210 JOLIET, ILLINOIS
211 JOUET, ILLINOIS
212 J,OUET,IILLINOIS
213 JOLIET, ILLINOIS
214 : J'OUET, ILlINO'IS
215 JOUET,liLllNO'IS
21'S JOUET,IILlINOIS
217 JOUET,I,LUNOIS
218 JOUET,I,LlIINOI'S
219 JOUET. IWNOIS
220 J'OUET, ILlIINO'IS
221 . JOUET, IWNO,IS
222 J'OUET, IILlIIN'O'IS
223 J'OUET, IILllIN'O'IS
224 J'OUET. IILlI,NO'IS
225

. J'OUET, IILlIIN'O'IS
22S JiQUET. ILlIIN'O'IS
227 J,QUET. IWIN'O'IS
228 J'QUET. IILlIINOIS
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TABLE F·3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED %. MEASURED PHYTOTOXICITY

191- 0 GRAIN 0 STOVER NO
192 0 GRAIN 0 STOVER NO
193 NA GRAIN 0 STOVER NO
194 0 GRAIN 0 STOVER NO
195 0 GRAIN 0 STOVER NO
196 . 0 GRAIN 0 STOVER NO
197 0 GRAIN 0 STOVER NO
198 0 GRAIN 0 STOVER NO
199 0 GRAIN 0 STOVER NO
200 0 GRAIN 0 STOVER NO
201 0 GRAIN 0 STOVER NO
202 0 GRAIN 0 STOVER NO
203 0 GRAIN NA STOVER NO
204 0 GRAIN 0 STOVER NO .

205 0 GRAIN 0 STOVER NO
206 0 GRAIN 0 STOVER NO
207 0 GRAIN 0 STOVER NO
208 0 GRAIN 0 STOVER NO

··209 0 GRAIN 0 STOVER NO
210 0 GRAIN 0 STOVER NO
211 0 GRAIN 0 STOVER NO
212 0 GRAIN 0 STOVER NO
213 NA GRAIN NA STOVER NO
214 0 GRAIN 0 : STOVER NO
215 0 GRAIN .0 STOVER NO
216 0 GRAIN 0 STOVER NO
217 0 GRAIN 0 STOVER NO
218 0 GRAIN 0 STOVER NO
219 0 GRAIN 0 STOVER NO
220 0 GRAIN 0 STOVER NO
221 0 GRAIN 0 STOVER NO
222 0 GRAIN 0 STOVER NO
223 . NA GRAIN NA STOVER NO
224 0 GRAIN 0 STOVER NO
225 0 GRAIN 0 STOVER NO
226 0 GRAIN 0 STOVER NO
227 O· GRAIN 0 STOVER NO
228 0 GRAIN 0 STOVER NO
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TABLE F·3 (cont.)

SOIL SOIL CUMM Ni SOIL Ni PLANT Ni PLANT DESIGN
CEC OC SOIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollkg % pH RATE (kg/ha) EXTRACTANT mglkg mglko SAMPLED

191 2.6 6.1 135.5 HCL·HF 51 0.6 LEAF SLUDGE, FIELD, MATURITY
192 3.2 6.1 135.5 HCL-HF 68 <.6 LEAF SLUDGE, FIELD. MATURITY
193 0.39 7.8 0 HCL-HF 17 1.3 LEAF SLUDGE. FIELD, MATURITY
194 0.17 7.1 0 HCL-HF 14 1.2 LEAF SLUDGE, FIELD, MATURITY
195 0.26 7.3 0 HCL·HF 14 <.6 LEAF SLUDGE, FIELD, MATURITY
196 0.27 6.8 0 HCL-HF 10 <.6 LEAF SLUDGE. FIELD, MATURITY
197 0.33 7.6 0 HCL·HF 15 <.6 LEAF SLUDGE, FIELD. MATURITY
198 0.27 7.5 0 HCL-HF 14 0.8 LEAF SLUDGE, FIELD, MATURITY
199 0.29 7.5 0 HCL-HF 8 1.4 LEAF SLUDGE. FIELD. MATURITY
200 0.42 7.4 0 HCL-HF 14 <.6 LEAF SLUDGE, FIELD, MATURITY
201 0.49 7.4 0 HCL-HF 16 <.6 LEAF SLUDGE, FIELD, MATURITY
202 0.64 7.3 0 . HCL-HF 20 <.6 LEAF SLUDGE. FIELD. MATURITY
203 0.36 7.6 12.1 HCL-HF 16 1.2 LEAF SLUDGE, FIELD, MATURITY
204 0.28 7.1 13.2 HCL-HF 22 1.4 LEAF SLUDGE, AELD. MATURITY
205 0.61 7.4 14.5 HCL-HF 15 <.6 LEAF SLUDGE, FIELD, MATURITY
206 0.91 7.3 14.5 HCL·HF 16 - <.6 LEAF SLUDGE, FIELD. MATURITY
207 0.56 7.4 14.5 HCL-HF 17 <.6 LEAF SLUDGE, RELD. MATURITY
208 0.58 7.1 14.5 HCL·HF 16 2 LEAF SLUDGE, AELD, MATURITY
209 0.45 7.5 14.5 HCL·HF 9 0.8 LEAF SLUDGE, FIELD, MATURITY
210 0.34 7.7 14.5 HCL-HF 18 <.6 LEAF SLUDGE, FIELD, MATURITY
211 0.47 7.4 14.5 HCL·HF 19 1.6 LEAF SLUDGE, AELD, MATURITY
212 0.83 7.4 14.5 HCL·HF 24 <.6 LEAF SLUDGE, FI,ELD, MATURITY
213 0.58 7.5 24.2 HC!:.·HF 16 1.6 LEAF SLUDGE, FI!ELD, MATURITY
214 0.44 8.9 : 26.4 HCL·HF 24 5.3 : LEAF SLUDGE, FIELD, MATURITY
215 0.81 7.1 29 HCL·HF 18 3.4 LEAF SLUDGE, FIELD, MATURITY
216 0.95 8.8 29 HCL·HF 15 1.1 LEAF SLUD'GE, AELD, MATU'RITY
217 0.75 7.1 29 HCL-HiF 22 <.6 LEAF SLUDGE, AELD, MATURITY
218 0.96 7.1 29 HCL·HF 15 1.2 LEAF SLUDGE, FliELD. MATURITY
219 0.59 8.9 29 HCL-HF 15 1.8 LEAF SLUDGE, FJIELD, MATUIRITY
220 0.89 7 29 HCL-HiF 17 <.8 LEAF SLUDGE, FJIEtD, MATURITY
221 0.B1 7.1 29 HCL-HF 17 <.8 lEAF SLUDGE, FlIEtD. MATU'RITY
222 0.52 7.1 29 HCL-HF 17 <.8 LEAF SLUDG,E, FlIEtD, MATURITY
223 OJ! 7.8 48.4 HCL·HiF 43 1.4 LEAF SLUDGE, FlIEtD, MATU'RITY
224 0.8 8.8 52.7 HCL·HF 34 2 LEAF SLUDGE FlIELD, MATUIRITY
225 2.4 8.8 57.9 HCL·HiF 32 2.4 LEAF SLUDGE, RIELD, MATUiRlTY
228 1.8'5 8.5 82.1 HCL·HlF 14 0.9 LEAF SLUDGE. RIEtD. MATUIRITY
227 1.78 8.1 103.4 HCL·HlF 32 <.8 LEAF SLUDGE. RIEtD, MATU'RITY
228 1.98 8.2 135.5 HCL·HF 32 8.2 LEAF SLUDGE. RIELD MATURITY
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TABLE F-3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %

Mit/he Ma/ha APPLICATN NAME NAME TEXTURE

191 0 428.3 3 ELLIOT SiL
192 0 428.3 4 ELLIOT SiL
193 0 0 NA PLAINFIELD SL
194 0

.,
0 NA PLAINFIELD SL

195 0 0 NA PLAINFIELD SL
196 0 0 NA PLAINFIELD SL
197 0 0 NA PLAINFIELD SL
198 0 0 NA PLAINFIELD SL
199 0 0 NA PLAINFIELD SL .
200 0 0 NA PLAINFIELD SL
201 0 0 NA PLAINFIELD SL
202 0 0 NA PLAINFIELD SL
203 14.5 31.8 0 PLAINFIELD SL
204 n.1 42.9 0 PLAINFIELD SL
205 15.3 ..58.2 0 i PLAINFIELD SL
206 0 58.2 1 PLAINFIELD SL
207 0 58.2 2 PLAINFIELD SL
208 0 58.2 3 PLAINFIELD SL
209 0 58.2 4 PLAINFIELD 'SL

.210 0 58.2 5 PLAINFIELD SL
211 0 58.2 8 PLAINFIELD SL
212 0 58.2 7 PLAINFIELD SL
213 29 " 83.8 0 PLAINFIELD SL .

214 22.2 85.8 0 : PLAINFIELD SL :

215 30.8 116.4 0 PLAINFIELD SL
218 0 118.4 1 PLAINFIELD SL
217 0 116.4 2 PLAINFIELD SL .
218 0 118.4 3 PLAINFIELD SL
219 0 116.4 4 PLAINFIELD SL
220 0 116.4 5 PLAINFIELD SL
221 0 116.4 6 PLAINFIELD SL
222 0 116.4 7 PLAINFIELD SL
223 57.8 127 0 PLAINFIELD SL
224 44.4 171.4 0 PLAINFIELD SL .
225 61.1 232.5 0 PLAINFIELD SL .
228 69.8 302.3 0 PLAINFIELD SL
227 54 356.3 0 PLAINFIELD SL
228 72 428.3 0 PLAINFIELD SL
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TABLE F-3 (oonil.J

SLUDGE SLUDGE SLUD'GE SLUDGE SLUD'GE SLUDGE SLUD'GE SLUDGE SLUDGE
Fe N Ni P Pb Zn SOUDS BIOLOGICAL CHEMICAL
% % maJka maJka maJka moJka CONTNT PROCESSING STABIUZATN

191 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'LY, FECl3
192 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTM'NT, ANAEROBtC DIGESTION CENT POLY, FECl3
193 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC D'IGESTION CENT POLY, FECL3
194 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTM'NT, ANAEROBIC DIGESTION CENT POLY, FECL3
195 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
196 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT PO'LY, FECL3
197 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTM'NT, ANAEROBIC DIGESTION CENT POLY, FECl3
198 4.5 5.9 3113 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DI'GESTION CENT POLY, FECl3
199 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
200 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

201 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
202 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

203 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT"POLY, FECL3

204 4.5 5.9 316 3.5" 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
205 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
206 4.5 5.9 316 3.5 1135 5059 0.03 .. 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
207 4.5 5.9 316 3.5 113!;j 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
208 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
209 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, fECL3
210 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
211 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
212 4.5 5.9- 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
213 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTM'NT, ANAEROBIC DIGESTION CENT POLY, FECL3
214 : 4.5 5.9 316 3.5 1135 5059 : 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
215 4.5 5.9" 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
216 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
217 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
218 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

"219 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
220 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
221 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

222 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

223 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
224 4.5 5.9 316 3.5 " 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

225 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
226 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

227 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

228 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECl3
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TABLE F-3 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR pH % % % malka malka malka

191 HINESLY 1985 . CORN 3.4 263 2963 1422
192 HINESLY 1985 CORN 3.4 263 2963 1422
193 HINESLY 1985 CORN 3.4 263 2963 1422
194 HINESLY 1985 CORN 3.4 263 2963 1422
195 HINESLY 1985 CORN 3.4 263 2963 1422
196 HINESLY 1985 CORN 3.4 263 2963 1422
197 HINESLY 1985 CORN 3.4 263 2963 1422
198 HINESLY 1985 CORN. 3.4 263 2963 1422
199 HINESLY 1985 CORN 3.4 263 2963 1422
200 HINESLY 1985 CORN 3.4 263 2963 1422
201 HINESLY 1985 CORN 3.4 263 2963 1422
202 HINESLY 1985 CORN 3.4 263 2963 1422
203 HINESLY 1985 CORN 3.4 263 2963 1422
204 HINESLY 1985 CORN 3.4 263 2963, , 1422
205 HINESLY 1985 CORN 3.4 263 2963 1422
206 HINESLY 1985 CORN 3.4 263 2963 1422
207 HINESLY 1985 CORN 3.4 263 2963 1422
208 HINESLY 1985 CORN I 3.4 263 2963 1422
209 HINESLY 1985 CORN 3.4 263 2963 1422
210 HINESLY 1985 CORN j'- 3.4 263 2963 1422--
211 HINESLY 1985 CORN 3.4 263 2963 1422
212 ; HINESLY 1985 CORN 3.4 263 2963 1422
213 HINESLY 1985 CORN 3.4 263 2963 1422
214 HINESLY 1985 CORN : 3.4 263 2963 1422 .
215 HINESLY 1985 CORN ·3.4 263 2963 1422.
216 HINESLY 1985 CORN 3.4 263 2963· 1422
217 HINESLY 1985 CORN 3.4 263 2963 1422
218 HINESLY 1985 CORN 3.4 263 2963 1422
219 HINESLY 1985 CORN 3.4 263 2963 1422
220 HINESLY 1985 CORN 3.4 263 2963 1422
221 HINESLY 1985 CORN 3:4 263 2963 1422
222 HINESLY.1985 CORN 3.4 263 2963 1422
223 HINESLY 1985 CORN 3.4 263 2963 1422
224 HINESLY 1985 CORN 3.4 263 2963 1422
225 HINESLY 1985 CORN 3.4 263 2963 1422
226 HINESLY 1985 CORN 3.4 263 2963 1422
227 HINESLY 1985 CORN 3.4 263 2983 1422
228 HINESLY 1985 CORN I 3.4 263 2963 1422
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TABLE F-3 (oon't.)

LOCATION
COMMENTS O'F

STUDY

153 . JOLIET, ILUNO'IS
154 -- JOUET, ItUNO'IS
155 JOUET, IWINOIS
156 ' . JOLIET, ItUNO'IS
157 JOLIET, IWNO'IS
158 JOUET, ILLINOIS
159 JOLIET, ILLINOIS
160 JOLIET, ILlINO'IS
161 JOLIET, ILLINOIS
162 JOLIET, ILUNOIS
163 JOLIET, ILLINOIS
164 JOLIET, ILLINOIS
165 JOLIET, ILLINOIS
166 JOUET, ILLINOIS
167 JOLIET, ILLINOIS
168 . JOLIET, ILLINOIS
169 JOLIET, ILLINOIS
170 JOLIET, ILLINOIS
171 JOLIET, ILLINOIS
172 JOLIET, ILLINOIS
173 JOLIET, ILLINOIS
174 JOLIET, ILLINOIS
175 JOLIET, ILLINOIS
176: JOLIET, ILLINOIS
177 JOLIET, ILLINOIS
178 JOLIET, ILLINOIS
179 JOLIET, ILLINOIS
180 JOLIET, ILLINOIS
181 JOLIET, ILLINOIS
182 JOLIET, ILLINOIS
183 JOLIET, ILLINOIS
184 JOLIET, ILLINOIS
185 JOLIET, ILLINOIS
186 JOLIET, ILLINOIS
187 JOLIET, ILLINOIS
188 JOLIET, ILLINOIS
189 JOLIET, ILLINOIS
190 JOLIET ILLINOIS
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TABLE F-3 (cont.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

153 0 GRAIN 0 STOVER NO
154 0 GRAIN 0 STOVER NO
155 0 GRAIN 0 STOVER NO
156 0 GRAIN 0 STOVER NO
157 0 GRAIN 0 STOVER ' NO
158 . 0 GRAIN 0 STOVER NO
159 0 GRAIN 0 STOVER NO
160 0 GRAIN 0 STOVER NO
161 0 GRAIN 0 STOVER NO
162 0 GRAIN 0 STOVER NO
163 a GRAIN NA STOVER NO
164 a GRAIN 0 STOVER NO
165 0 GRAIN 0 STOVER NO
166 0 GRAIN 0 STOVER NO
167 0 GRAIN 0 STOVER NO
168 0 GRAIN 0 STOVER NO
169 0 GRAIN 0 STOVER NO
170 0 GRAIN 0 STOVER NO
171 0 GRAIN 0 STOVER NO
172 a GRAIN 0 STOVER NO
173 0 GRAIN NA STOVER ,NO
174 0 GRAIN 0 STOVER NO
175 0 GRAIN 0 STOVER NO
176 0 GRAIN : 0 STOVER NO
177 0 GRAIN ·0 STOVER NO
178 0 GRAIN 0 STOVER NO
179 0 GRAIN 0 STOVER NO
180 0 GRAIN 0 STOVER NO
181 0 GRAIN 0 STOVER NO
182 0 GRAIN' 0 STOVER NO
183 0 GRAIN NA STOVER NO
184 0 GRAIN 0 STOVER NO
185 ' 0 GRAIN 0 STOVER NO
186 0 GRAIN 0 STOVER NO
187 0 GRAIN 0 STOVER NO
188 0 GRAIN 0 STOVER NO
189 0 GRAIN 0 STOVER NO
190 0 GRAIN 0 STOVER NO
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TABLE F-3 (oQ,nt.)

SOI'L SOIL CUMM N,j SOIL Ni PLANTNf PLANT DESI'GN
CEC oc 501lt LOADING SOlt CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmoUka % oH RATE tka/hll) EXTRACTANT maiko maiko SAMPLED" .

153 1.64 7.6 0 HCL·HF 18 1.2 LEAF SLUDGE, AIELD, MATURITY
154 1.61 6.8 0 HCL·HiF 23 0.8 LEAF SLUDGE. AIELD. MATURITY
155 1.54 7.2 0 HCL·HF 30 <.6 LEAF SLUDGE. AIELD. MATURITY
156 1.53 7.2 0 HCL·HF 28 0.6 LEAF SLUDGE. FIELD. MATURITY
157 1.54 7 0 HCL·HF 23 <.6 LEAF SLUDGE. AELD. MATURITY
158 1.51 7 0 HCL·HF 25 0.7 LEAF SLUDGE. FIELD. MATURITY
159 1.58 7.4 0 HCL·HF 18 <.6 LEAF SLUDGE, FIELD. MATURITY
160 1.54 7.2 0 HCL·HF 29 <.6 LEAF SLUD'GE. FIELD. MATURITY
161 1.51 7 0 HCL·HF 28 <.6 LEAF SLUDGE. FIELD. MATURITY
162 1.62 7 0 HCL·HF 31 <.6 LEAF SLUDGE. FIELD. MATURITY
163 1.64 7.3 12.1 HCL·HF 24 1.2 LEAF SLUDGE. FIELD. MATURITY
164 1.84 6.8 13.2 . HCL·HF 24 0.6 LEAF SLUDGE, FIELD, MATURITY
165 1.74 7.1 14.5 HCL·HF 36 1.7 LEAF SLUDGE. FIELD. MATURITY
166 2.18 7.1 14.5 HCL·HF 28 <.6 LEAF SLUDGE, FIELD. MATURITY
167 1.86 7.2 14.5 HCL·HF 26 <.6 LEAF SLUDGE. FIELD, MATURITY
168 1.67 7.2 14.5 HCL·HF 30 . 0.8 LEAF SLUDGE. FIELD, MATURITY
169 1.83 7..5 14.5 HCL·HF 22 0.6 LEAF SLUDGE, FIELD. MATURITY
170 1.55 7.2 14.5 HCL·HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY
171 1.68 7 14.5 HCL·HF 23 <.6 LEAF SLUDGE. AELD. MATURITY
172 1.89 7.1 14.5 HCL·HF 36 <.6 LEAF SLUDGE, AELD. MATURITY
173 1.97 7.8 24.2 HCL·HF 29 1.6 LEAF SLUDGE. FIELD, MATURITY
174 1.81 7 26.4 HCL-HF 40 1.3 LEAF SLUDGE. FIELD. MATURITY
175 Ul8 7.S 29 HCL·HF 27 1.5 LEAF SLUDGE, FIELD, MATURITY
176 2.21 7.3 29 HCL·HF 36 : <.6 LEAF SLUDGE. FIELD, MATURITY
177 1.99 7.4 29 HCL-HF 26 <.6 LEAF SLUDGE. FIELD, MATURITY
178 1.89 7.3 29 HCL·HF 34 0.8 LEAF SLUDGE. FIELD. MATURITY
179 1.94 7.4 29 HCL·HF 26 2.4 LEAF SLUDGE, FIELD, MATURITY
180 1.72 7.4 29 HCL·HF 36 <.6 LEAF SLUDGE. FIELD, MATURITY
181 1.79 7.2 29 HCL·HF 27 <.6 LEAF SLUDGE. FIELD. MATURITY
182 1.87 7.2 29 HCL-HF 41 <.6 LEAF SLUDGE, FIELD. MATURITY
183 2.23 7.5 48.4 HCL·HF 37 1.2 LEAF SLUDGE. FIELD, MATURITY
184 2.22 6.4 52.7 HCL·HF 40 1.4 LEAF SLUDGE. FIELD. MATURITY
185 2.28 6.5 57.9 HCL-HF 36 1.2 LEAF SLUDGE. FIELD, MATURITY
186 2.6" 6.5 82.1 HCL·HF 44 <.6 LEAF SLUDGE. FIELD. MATURITY
187 2.74 6.5 103.4 HCL·HF 41 <.6 LEAF SLUDGE. FIELD. MATURITY
188 2.94 5.9 135.5 HCL·HF 49 2.7 LEAF SLUDGE. FIELD. MATURITY
189 i 3.92 5.9 135.5 HCL·HF 60 1.4 LEAF SLUDGE, FIELD. MATURITY
190

,
3.77 5.8 135.5 HCL·HF 75 <.6 LEAF SLUDGE FIELD MATURITY
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TABLE F-3 (cont.)

ANNl SLUDGE CUMMl SLUDGE YEARS SOil SOil CONTENT CONTENT CONTENT
lOADNG RATE lOADNG RATE SINCE lAST TAXONOMIC SERIES SOil % % %

Mg/ha Mglha APPllCATN NAME NAME TEXTURE

153 0 0 NA ELLIOT Sil
154 0 0 NA ElliOT Sil c"

155 0 0 NA ELLIOT Sil
156 0 0 NA ElliOT Sil
157 0 0 NA ELLIOT Sil
158 0 0 NA ELLIOT Sil
159 O· o . NA ELLIOT Sil
160 0 0 NA ElliOT Sil
161 0 0 NA ElliOT Sil .
162 0 0 NA ElliOT Sil
163 14.5 31.8 0 ELLIOT Sil
164 11.1 42.9 0 ElliOT Sil
165 15.3 58.2 0 ELLIOT Sil
166 0 58.2 1 ElliOT Sil
167 0 58.2 2 ElliOT Sil
168 0 58.2 3 ElliOT Sil
169 0 58.2 4 ELLIOT Sil
170 0 58.2 5 ElliOT Sil .
171 0 58.2 6 ElliOT 'Sil

, 172 0 58.2 7 ELLIOT Sil
173 29 63.6 0 ElliOT Sil
174 22.2 85.8 0 ELLIOT Sil
175 30.6 116.4 0 ELLIOT Sil
176 0 116.4 , 1 ElliOT Sil :

177 0 116.4 2 ELLIOT Sil
178 0 116.4 ' 3 ELLIOT Sil
179 0 116.4 4 ElliOT Sil
180 0 118.4 5 ELLIOT Sil
181 0 116.4 6 ELLIOT Sil
182 0 116.4 7 ElliOT Sil
183 57.8 127 0 ELLIOT Sil
184 44.4 171.4 0 ElliOT Sil
185 61.1 232.5 0 ElliOT Sil
186 69.8 302.3 0 ElliOT Sil'
187 54 356.3 0 ELLIOT Sil .
188 72 428.3 0 ELLIOT Sil
189 0 428.3 1 ELLIOT Sil
190 0 428.3 . 2 ! ,ELLIOT Sil
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TABte F-3 (oont.)

SLUDG,E SWDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUD'GE SLUDGE SLUDGE
Fo N Nl P Pb Zn SOUDS B10WGlCAL CHEMICAL
% % maiko maiko molko maiko CONTNT PROCESSING STABlUZATN

...

153 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
154 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

155 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

156 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROB,IC DIGESTION CENT POLY, FECL3
157 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

158 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC mGESTION CENT POLY, FECl3

159 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

160 4.5 5.9 316 3.5 1135 5059 0.03 2NO TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

161 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

162 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

163 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

164 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

165 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

166 4.5 5.9 316 3.5. 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

167 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

168 4.5 5.9 316 3.5 1135 5059 0.03 .. 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

169 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

170 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

171 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

172 4.5 5.9 315 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

173 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

174 4.5 5.9- 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

175 4.5 5.9 318 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

176 4.5 5.9 316 3.5 :1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

177 4.5 5.9· 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

178 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

179 4.5 5.9 315 .3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

180 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
·181 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3 .

182 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

183 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

184 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

185 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECl3

186 4.5 5.9 316 3.5 . 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

187 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRlMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

188 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

189 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

190 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT ANAEROBIC DIGESTION CENT POLY FECl3
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TABLE F-3 (oont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Cs Cd Cr Cu

CITATION NAME CULTIVAR DH % % % mglka malka malkg

153 HINESLY 1985 CORN 3.4 263 .2963 1422
154 HINESLY 1985 CORN 3.4 263 2963 1422
155 HINESLY 1985 CORN 3.4 263 2963 1422
156 HINESLY 1985 CORN 3.4 263 2963 1422
157 HINESLY 1985 CORN 3.4 263 2963 1422
158 HINESLY 1985 CORN 3.4 263 2963 1422
159 HINESLY 1985 CORN 3.4 263 2963 1422
160 HINESLY 1985 CORN 3.4 263 2963 1422
i61 HINESLY 1985 CORN 3.4 263 2963 1422
162 HINESLY 1985 CORN 3.4 263 2963 1422
163 HINESLY 1985 CORN 3.4 263 2963 1422
164 HINESLY 1985 CORN 3.4 263 2963. 1422
165 HINESLY 1985 CORN 3.4 263 2963 1422
166 HINESLY 1985 CORN 3.4 263 2963' 1422
167 HINESLY 1985 CORN : 3.4 263 2963 1422
168 HINESLY 1985 ' CORN ~ 3.4 263 2963 1422

--.1!9 HINESLY 1985 CORN 3.4 263 2963 1422
170 HINESLY 1985 CORN I 3.4 263 2963 . 1422
171 HINESLY 1985 CORN 3.4 263 2963 1422
172 HINESLY 1985 CORN 3.4 263 2963 1422
173 HINESLY 1985 CORN 3.4 263 2963 1422
174 HINESLY 1985 CORN 3.4 263 2963 1422
175 HINESLY 1985 CORN 3.4 263 2963 1422
176 HINESLY 1985 CORN : :3.4 263 2963 1422 .
177 HINESLY 1985 CORN .' ·3.4 263 2963 1422
178 HINESLY 1985 CORN 3.4 263 2963· 1422
179 HINESLY 1985 CORN 3.4 '263 2963 1422
180 HINESLY 1985 CORN 3.4 263 2963 1422
181 HINESLY 1985 CORN 3.4 263 2963 1422
182 HINESLY 1985 CORN 3.4 263 2963 1422
183 HINESLY 1985 CORN 3.4 263 2963 1422
184 HINESLY.1985 CORN 3.4 263 2963 1422
185 HINESLY 1985 CORN 3.4 263 2963 1422
186 HINESLY 1985 CORN 3.4 263 2963 1422
187 HINESLY 1985 CORN 3.4 263 2963 1422
188 HINESLY 1985 CORN 3.4 263 2963 1422
189 HINESLY 1985 CORN 3.4, 263 2963 1422
190 HINESLY 1985 CORN 3.4 263 2$63 1422
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TABlE F-3 (oont.)

LOCATION
COMMENTS O,F

STUDY

115 JOUET, ItUNOIS
116 -- JOucr I'LUNOI.S

._~17 J')UET,ILUNOIS
118

..
JOLIET, IWNOIS

119 JOUET, ILUNOIS
120 JOUET, lilLINOIS
121 JOLIET, ILLINOIS
122 JOLIET, ILLINOiS
123 JOLIET, ILLINOIS
124 JOLIET, ILLINOIS
125 JOLIET, ILLINOIS
126 JOLIET, ILLINOiS
127 JOLIET, ILLINOIS
128 JOLIET, ILLINOiS
129 ; JOLIET, ILLINOIS
130 .. JOLIET,ILI.lNOIS
131 JOLIET, ILLINOIS
132 JOUET, ILLINOiS
133 JOLIET, ILLINOIS
134 JOLIET, ILLINOIS
135 JOLIET, ILLINOiS
136 JOLIET, ILLINOiS
137 JOLIET, ILLINOIS
138 : : JOLIET, ILLINOIS
139 JOLIET, ILLINOIS
140 JOLIET, ILLINOIS
141 JOLIET, ILLINOIS
142 JOLIET, ILLINOIS
143 JOLIET, ILLINOiS
144 JOLIET, IWNOIS
145 JOLlET,ILLINOIS
146 JOLIET, ILLINOIS
147 JOLIET, ILLINOIS
148 JOLIET, ILLINOiS
149 JOLIET,ILLINOIS
150 JOLIET, ILLINOIS
151 JOLIET, IWNOIS
152 JOLIET, ILLINOIS
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TABLE F-3 (cont.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

115 0 GRAIN 0 STOVER NO
. 116 0 GRAIN 0 STOVER NO

117 0 GRAIN 0 STOVER NO
118 0 GRAIN 0 STOVER NO
119 0 GRAIN 0 STOVER NO
120 . 0 GRAIN 0 STOVER NO
121 0 GRAIN 0 STOVER NO
122 0 GRAIN 0 STOVER 'NO
123 0 GRAIN NA . STOVER NO
124 0 GRAIN 0 STOVER NO
125 0 GRAIN 0 STOVER NO
126 0 GRAIN 0 STOVER NO
127 0 GRAIN 0 STOVER NO
128 0 GRAIN 0 STOVER NO
129 0 GRAIN 0 STOVER NO
no 0 GRAIN 0 • i STOVER NO
131 0 GRAIN 0 STOVER NO
132 0 GRAIN 0 'STOVER NO
133 0 GRAIN NA STOVER NO
134 0 GRAIN 0 STOVER NO
135 0 GRAIN 0 STOVER NO
136 0 GRAIN 0 STOVER NO
137 0 GRAIN 0 STOVER NO
138 0 GRAIN : 0 STOVER NO
139 0 GRAIN . 0 STOVER NO
140 0 GRAIN 0 STOVER NO
141 0 GRAIN 0 STOVER NO
142 0 GRAIN 0 STOVER NO
143 0 GRAIN NA STOVER NO
144 0 GRAIN' 0 STOVER NO
145 0 GRAIN 0 STOVER NO
146 0 GRAIN 0 STOVER NO
147 0 GRAIN 0 SrOVER NO
148 0 GRAIN 0 STOVER NO
149 0 GRAIN 0 STOVER NO
150 0 GRAIN 0 STOVER NO
151 0 GRAIN 0 STOVER NO
152 0 GRAIN 0 STOVER NO

F-137



TABU: F--3 (oont.)

SOIL SO'lt CUMM Ni SOIL Nl PLANT Nii PLANT DIESIGN
CEC OC SOlfL LOAD'ING SO'fL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmoUka % oH RATE lkalha) EXTRACTANT man<a man<a SAMPlED

115 0.94 7.6 0 HCL-HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY
116 0,93 7.6 0 HCL-HF 31 <.6 LEAF SLUDGE, FIIELD, MATUHITY
117 0.92 7.8 0 HCL-HF 25 <.6 LEAF SLUD'GE, FIELD, MATURITY
118 0.87 7.5 0 HCL-HF 27 0.7 LEAF SLUDGE, FIELD, MATURITY
119 0.9 7.6 0 HCL-HF 22 1.1 LEAF SLUDGE, Ff'ELD, MATURITY
120 0.88 7.5 0 HCL-HF 30 <.6 LEAF SLUDGE, FIELD, MATURITY
121 0.73 7.6 0 HCL-HF 26 <.6 LEAF SLUDGE, FIELD, MATURITY
122 1 7.4 0 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY
123 1.06 7.7 12.1 HCL-HF 28 1.3 LEAF SLUDGE, FIELD, MATURITY
124 1.11 6.9 13.2 HCL-HF 20 1 LEAF SLUDGE, FIELD, MATURITY
125 1.18 7.5 14.5 HCL-HF 35 2.4 LEAF SLUDGE, FIELD, MATURITY
126 1.4 7.5 14.5 . HCL-HF 42 <.6 LEAF SLUDGE, FIELD, MATURITY
127 1.16 7.6 14.5 HCL-HF 25 <.6 LEAF SLUDGE, FIELD, MATURITY
128 1.08 7.5 14.5 HCL-HF 33 0.9 LEAF SLUDGE, FIELD, MATURITY
129 1.18 7.7 14.5 HCL-HF 26 1.2 LEAF, SLUDGE, FIELD, MATURITY
130 1.23 7.6 14.5 HCL-HF 32 .. <.6 LEAF SLUDGE, FIELD, MATURITY
131 1.09 7.5 14.5 HCL-HF 27 <.6 LEAF SLUDGE, FIELD, MATURITY
132 1.32 7.3 14.5 HCL-HF 38 <.6 LEAF SLUDGE, FIELD, MATURITY
133 1.38 7.1s 24.2 HCL-HF 28 1.4 LEAF SLUDGE, FIELD, MATURITY
134 1.12 7 26.4 HCL-HF 19 0.9 LEAF SLUDGE, FIELD, MATURITY
135 1.29 7.4 29 HCL-HF 44 2 LEAF SLUDGE, FIELD, MATURITY
136 1.83 7.3 29 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY
137 1.36 7.5 29 HCL-HF 21 <.6 LEAF SLUDGE, FIELD, MATURITY
138 1.34 :7.2 29 HCL·HF 28 <.6 : LEAF SLUDGE, FIELD, MATURITY
139 1.6 7.4 29 HCL-HF 26 0.8 LEAF SLUDGE, FIELD, MATURITY
140 1.31 7.3 29 HCL-HF 35 <.6 LEAF SLUDGE, FIELD, MATURITY
141 1.54 7.1 29 HCL-HF 27 <.6 LEAF SLUDGE, FIELD, MATURITY
142 1.62 7.1 29 HCL-HF 39 <.6 LEAF SLUDGE, FIELD, MATURITY
143 1.62 7.6 48.4 HCL-HF 37 1.2 LEAF SLUDGE, FIELD, MATURITY
144 1.63 6.8 52.7 HCL-HF 30 1.1 LEAF SLUDGE, FIELD, MATURITY
145 1.94 7.3 57.9 HCL·HF 42 2.3 LEAF SLUDGE, FIELD, MATURITY
146 2.5 7.2 57.9 HCL-HF 44 0.7 LEAF SLUDGE, FIELD, MATURITY
147 1.83 7.3 57.9 HCL-HF 36 <.6 LEAF SLUDGE, FIELD, MATURITY
148 1.88 7.2 57.9 HCL-HF 37 0.8 LEAF SLUDGE, FIELD, MATURITY
149 2.03 7.3 57.9 HCL-HF 33 0.8 LEAF SLUDGE, FIELD, MATURITY
150 1.6 7.1 57.9 HCL-HF 40 <.6 LEAF SLUDGE, FIELD, MATURITY
151 1.54 7.1 57.9 HCL·HF 28 <.6 LEAF SLUDGE, FIELD, MATURITY
152 I 1.84 7 57.9 HCL-HF 43 <.6 LEAF SLUDGE. FIELD MATURITY
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TABLE F-3 (cont.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT

LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL % % %
Mo/hB MalhB APPLICATN NAME NAME TEXTURE

115 0 0 NA BLOUNT SiL
116 0 . 0 NA BLOUNT SiL

117 0 0 NA BLOUNT SiL
118 0 0 NA BLOUNT SiL
119 0 0 NA BLOUNT SiL
120 0 0 NA BLOUNT SiL
121 0 0 NA . BLOUNT SiL
122 0 0 NA BLOUNT SiL
123 14.5 31.S 0 BLoUNT SiL .
124 11.1 42.\:1 0 BLOUNT SiL
125 15.3 58.2 0 BLOUNT SiL
126 0 58.2 1 BLOUNT SiL
127 0 58.2 2 BLOUNT SiL
128 0 58.2 3 BLOUNT SiL ., .....

129 0 58.2 4 BLOUNT SiL
130 0 58.2 5 ~ BLOUNT SiL
131 0 58.2 6 BLOUNT SiL
132 0 58.2 7 BLOUNT SiL
133 29 63.6 0 BLOUNT SiL

·134 22.2 85.8 0 BLOUNT SiL
135 30.\) 116.4 0 BLOUNT SiL ....
136 0 115.4 1 BLOUNT SiL
137 0 116.4 2 BLOUNT SiL-

:138 0 116.4 3 : BLOUNT SiL :

139 0 116.4 4 BLOUNT SiL
140 0 116.4 5 BLOUNT SiL
141 0 116.4 6 BLOUNT SiL ,

'142 0 116.4 7 BLOUNT SiL
143 57.8 127 0 BLOUNT SiL
144 44.4 171.4 0 BLOUNT SiL
145 61.1 232.5 0 BLOUNT SiL
146 0 232.5 1 BLOUNT SiL
147 0 232.5 1 BLOUNT SiL
148 0 232.5 1 BLOUNT SiL .

149 0 232.5 1 BLOUNT SiL .
150 0 232.5 1 BLOUNT SiL
151 0 232.5 1 BLOUNT SiL
152 0 232.5 1 BLOUNT SiL
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TABtl: F-3 (cont.l

SLUDGE SLUD'GE SLUDGE SLUDGE SLUDGE SLUDGE SLUD'GE SLUDGE SLUDGE
Fa N Nl P Pb Zn SOUDS B'(olO'GICAl CHEMICAL
% % molko maiko molko maiko CONTNT PROCESSIN'G STABIUZATN

115 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT potY, FECl3

116 4.5 5.9 316 3.5 1135 5059 0.03 2NIQ TRTMNT, ANAEROBIC mGESTION CENT POLY, FECl3

117 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
118 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
119 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
120 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
121 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
122 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
123 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
124 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3
125 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
126 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
127 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
128 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
129 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
130 4.5 5.9 316 3.5 1135 5059 0.03 • 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY. FECl3
131 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
132 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
133 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
134 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
135 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
136 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

137 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

:138 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

139 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

140 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

141 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

·142 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3
'143 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBiC DIGESTION CENT POLY, FECl3

144 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

145 4.5 5.9 316 3.5 - 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

146 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

147 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

148 4.5 5.9 316 3.5 , 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECL3

149 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

150 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

151 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY, FECl3

152 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT, ANAEROBIC DIGESTION CENT POLY FECl3
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TABLE F-3 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Cr Cu

CITATION NAME CULTIVAR pH % % % malka mglka malka

115 HINESLY 1985 CORN 3.4 263 2963 1422
116 HINESLY 1985 CORN 3.4 263 2963 1422
117 HINESLY 1985 CORN 3.4 263 2963 1422
118 HINESLY 1985 CORN 3.4 263 2963 1422
119 HINESLY 1985 CORN 3.4 263 2963 1422
120 , HINESLY 1985 CORN 3.4 263 2963 1422
121 ., HINESLY 1985 CORN 3.4 263 2963 1422
122 HINESLY 1985 CORN ", 3.4 263 2963 1422
1'23 HINESLY 1985 CORN 3.4 263 2963 1422
124 HINESLY' 1985 CORN 3.4 263 2963 1422
125 HINESLY 1985 CORN 3.4 263 2963 1422
126 HINESLY 1985 CORN 3.4 263 2963 1422
127 HINESLY1985 CORN 3.4 263 . 2963 1422
128 HINESLY 1985 CORN 3.4 263 2963 1422
129 HINESLY 1985 "CORN 3.4 263 2963 1422
130 HINESLY 1985 CORN 3.4 263 2963 1422
131 HINESLY 1985 CORN 3.4 263 2963 1422
132 HINESLY 1985 CORN I 3.4 263 2963 1422
133 HINESLY 1985 CORN 3.4 263 2963 ' 1422
134 HINESLY 1985 CORN 3.4 263 2963 1422
135 HINESLY 1985 CORN 3.4 263 2963 - 1422
136 HINESLY 1985 CORN 3.4 263 2963 1422
137 HINESLY 1985 CORN 3.4 263 2963 1422
138: HINESLY 1985 . CORN : 3.4 263 :2963 1422 .
139 HINESLY 1985 CORN ·3.4 263 2963 1422 .
140 HINESLY 1985 CORN 3.4 263 2963 . 1422
141 HINESLY 1985 CORN 3.4 263 2963 1422
142 HINESLY 1985 CORN 3.4 263 2963 1422
143 HINESLY 1985 CORN 3.4 263 2963 1422
144 HINESLY 1985 CORN 3.4 263 2963 1422
145 HINESLY 1985 CORN 3.4 263 2963 1422
148 HINESLY1985 CORN , 3.4 263 2963 1422
147 HINESLY 1985 CORN 3.4 263 2963 1422
148 HINESLY 1985 CORN 3.4 263 2963 1422
149 HINESLY 1985 CORN 3.4 263 2963 1422
150 HINESLY 1985 CORN 3.4 263 2963 1422
151 HINESLY 1985 CORN 3.4· 263 2963 1422
152 HINESLY 1985 'CORN . 3.4 263 2963 1422

F-133



,"

TABLE F-3 (can,t.)

LOCATI,OIN
COMMENTS OF

STUDY

77 MUSCLE SCHOALES. AL
78 -- MUSCLE SCHOALES. AL
79 MUSCLE SCHOALES. AL
80 ' . MUSCLE SCHOALES. AL
81 MUSCLE SCHOALES. AL
82 MUSCLE SCHOALES. AL
83 'NOT TESTED STATISTICALLY. MAY BE ATIRIBUTED TO WET SEASONnNSECTS MUSCLE SCHOALES. AL
84 MUSCLE SCHOALES. AL
8S MUSCLE SCHOALES. AL
86 MUSCLE SCHOALES. AL
87 MUSCLE SCHOALES. AL
88 MUSCLE SCHOALES. AL
89 'NOT TESTED STATISTICALLY. MAY BE ATIRIBUTED TO WET SEASONnNSECTS MUSCLE SCHOALES. AL
90 MUSCLE SCHOALES. AL
91 MUSCLE SCHOALES. AL
92 .. MUSCLE SCHOALES. AL
93 MUSCLE SCHOALES. AL
94 MUSCLE SCHOALES. AL
95 'AUTHORS STATE YIELD REDUCTIONS NOT ATIRIBUTABLE TO METALS MUSCLE SCHOALES. AL
96 MUSCLE SCHOALES. AL
97 MUSCLE SCHOALES. AL
98 MUSCLE SCHOALES. AL
99 'AUTHORS STATE YIELD REDUCTIONS NOT ATIRIBUTABLE TO METALS MUSCLE SCHOALES, AL
100 : MUSCLE SCHOALES, AL
101 MUSCLE SCHOALES, AL
102 MUSCLE SCHOALES, AL
103 'AUTHORS STATE YIELD REDUCTIONS NOT ATIRIBUTABLE TO METALS MUSCLE SCHOALES, AL
104 MUSCLE SCHOALES, AL
105 MUSCLE SCHOALES, AL
106 MUSCLE SCHOALES, AL
107 MUSCLE SCHOALES, AL
108 MUSCLE SCHOALES, AL
109 MUSCLE SCHOALES, AL
110 MUSCLE SCHOALES, AL
111 MUSCLE SCHOALES, AL
112 MUSCLE SCHOALES, AL
113 JOLIET. ILLINOIS
114 JOLIET. ILLINOIS
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TABLE F-3 (cant.)

YIELD YIELD YIELD YIELD
REDUCTION COMPONENT REDUCTION COMPONENT METAL

% MEASURED % MEASURED PHYTOTOXICITY

77 0 EDIBLE PART NO
78 0 EDIBLE PART NO
79 0 EDIBLE PART NO
80 0 EDIBLE PART NO
81 0 EDIBLE PART NO
82 . 0 EDIBLE PART NO
83 25* EDIBLE PART *NO
84 0 EDIBLE PART NO
85 0 EDIBLE PART , NO
86 0 EDIBLE PART NO
87 0 EDIBLE PART NO
88 0 EDIBLE PART NO
89 21.'- EDIBLE PART *NO
90 0 EDIBLE PART NO
91 0 EDIBLE PART NO
92 0 EDIBLE PART NO
93 0 TOTAL PLANT NO
94 0 TOTAL PLANT NO
95 15.4* TOTAL PLANT *NO
96 0 TOTAL PLANT NO
97 0 TOTAL PLANT NO
98 0 TOTAL PLANT NO
99 10* TOTAL PLANT *NO
100 0 TOTAL PLANT : NO
101 0 TOTAL PLANT NO
102 0 TOTAL PLANT _ NO
103 12.5* TOTAL PLANT *NO
104 0 TOTAL PLANT NO
105 0 TOTAL PLANT NO
106 0 TOTAL PLANT NO
107 0 TOTAL PLANT NO
108 0 TOTAL PLANT NO
109 0 TOTAL PLANT NO
110 0 TOTAL PLANT NO
111 0 TOTAL PLANT NO
112 0 TOTAL PLANT NO
113 0 GRAIN 0 STOVER NO
114 0 GRAIN 0 STOVER NO
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TABLE F-3 {COOL)

SO'IL SOIL CUMM Ni SOlt NJ PlANT Nil PLANT D'ESI,GN
CEC OC SO'IIL LOADING SOIL CONCENTRTN CONCENTRTN TISSUE SUMMARY

cmollka % pH RATE (ko/hl) EXTRACTANT maiko maiko SAMPLED
~

~.

77 6.4 4.4 0.5 M HCL 1.8 2.4 LEAF FIELD. SLUDGE, MATURITY
7.'3 5.8 0 0.5 MHCL 1 1.8 LEAF FI'ELD, SLUD'GE, MATURITY
79 5.8 2.2 0.5 MHCL 2.7 1.7 LEAF RELD, SLUD'GE, MATURITY
80 5.8 4.4 0.5 M HCL 1.8 1.8 LEAF FIELD, SLUD'GE, MATURITY
81 5.8 a 0.5 M HCL 1 2.3 LEAF FIELD, SLUDGE, MATURITY
82 5.8 2.2 0.5 M HCL 2.7 3 LEAF FIELD, SLUDGE, MATURITY
83 5.8 4.4 0.5 M HCL 1.8 2.4 LEAF FIELD, SLUDGE, MATURITY
84 5.8 a 0.5 M HCL 1 2.5 LEAF FIELD, SLUDGE, MATURITY
85 5.8 2.2 0.5 M HCL 2.7 2.8 LEAF FIELD, SLUDGE, MATURITY
86 5.8 4.4 0.5 M HCL 1.8 2.2 LEAF FIELD, SLUDGE, MATURITY
87 5.8 a 0.5 M HCL 1 2.6 LEAF· FIELD, SLUDGE, MATURITY
88 5.8 2.2 0.5 M HCL 2.7 4.4 LEAF FIELD, SLUDGE, MATURITY
89 5.8 4.4 0.5 M HCL 1.8 2.9 LEAF FIELD, SLUDGE, MATURITY
90 5.8 a 0.5 M HCL 1 3.9 LEAF FIELD, SLUDGE, MATURITY
91 5.8 2.2 0.5 M HCL 2.7 4.4 LEAF FIELD, SLUDGE, MATURITY
92 5.8 4.4 0.5 M HCL 1.8 .. 4.9 LEAF FIELD, SLUDGE, MATURITY
93 5.1 a .5 M HCL 0.6 3.5 LEAF FIELD, SLUDGE, MATURITY
94 5.1 a .5 M HCL 0.6 3 LEAF FIELD, SLUDGE, MATURITY
95 5.1 4.5 .5 M HCL 1.6 6.3 LEAF FIELD, SLUDGE, MATURITY
96 5.1 4.5 .5 M HCL 1.2 7.4 LEAF FIELD. SLUDGE. MATURITY
97 5.1 a .5 M HCL 0.6 4.6 LEAF FIELD. SLUDGE, MATURITY
98 5.1 a .5 M HCL 0.6 3.1 LEAF FIELD, SLUDGE, MATURITY
99 5.1 4.5 .5 M HCL 1.6 3.3 LEAF RELD, SLUDGE, MATURITY
100 5.1 : 4.5 .5 M HCL 1.2 2.9 : LEAF FIELD, SLUDGE, MATURITY
101 5.1 0 .5 M HCL 0.6 3.7 LEAF FIELD, SLUDGE, MATURITY
102 5.1 0 .5 M HCL 0.6 4.6 LEAF FIELD. SLUDGE, MATURITY
103 5.1 4.5 .5 M HCL 1.6 3.7 LEAF RELD, SLUDGE, MATURITY
104 5.1 4.5 .5 M HCL 1.2 4.1 LEAF FIELD, SLUDGE, MATURITY
105 5.1 0 .5 M HCL 0.6 2.2 LEAF RELD, SLUDGE, MATURITY
106 5.1 0 .5 M HCL 0.6 2.4 LEAF FIELD, SLUDGE, MATURITY
107 5.1 4.5 .5 M HCL 1.6 2.2 LEAF FIELD, SLUDGE, MATURITY
108 5.1 4.5 .5 M HCL 1.2 2.2 LEAF RELD, SLUDGE, MATURITY
109 5.1 0 .5 M HCL 0.6 3 LEAF FIELD, SLUDGE, MATURITY
110 5.1 0 .5 M HCL 0.6 3.3 LEAF FIELD, SLUDGE, MATURITY
111 5.1 4.5 .5 M HCL 1.6 3.5 LEAF FIELD, SLUDGE, MATURITY
112 5.1 4.5 .5 M HCL 1.2 3.3 LEAF FIELD, SLUDGE, MATURITY
113 0.85 7.8 a HCL-HF 24 1.2 LEAF SLUDGE, FIELD, MATURITY
114 0.9 6.9 a HCL·HF 27 0.9 LEAF SLUDGE FIELD, MATURITY
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TABLE F·3 (cant.)

ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL CONTENT CONTENT CONTENT
. LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOiL % %, %

Maths Maths APPLICATN NAME NAME TEXTURE

77 112 112 0 SANGO SiL
78 0 . O' SANGO SiL
79 112 112 1 SANGO SiL
80 112 112 1 SANGO SiL,
81 0 0 SANGO SiL
82 112 112 1 SANGO SiL
83 112 112 1 SANGO SiL
84 0 0 SANGO SiL
85 ' 112 112 1 SANGO SiL
86 112 112 1 SANGO SiL
87 0 0 SANGO SiL
88 112 112 1 SANGO SiL
89 112 112 1 SANGO SiL """"

90 0 0 " SANGO SiL
91 112 112 1 SANGO SiL
92 112 112 1 SANGO SiL
93 0 0 SANGO SiL
94 0 0 SANGO SiL
95 224 224 0 SANGO SiL
96 224 224 0 SANGO SiL
97 0 0 SANGO SiL
98 0 0 SANGO ' SiL
99 224 224 0 SANGO SiL
100 224 224 0 : SANGO SiL :

101 o . 0 SANGO SiL
102 0 0 SANGO SiL
103 224 224 0 SANGO SIL
lD4 224 224 0 SANGO SIL
105 0 0 SANGO SIL
106 0 0 SANGO SiL
107 224 224 0 SANGO SIL
108 224 224 0 SANGO SIL
109 0 0 SANGO SIL
110 0 0 SANGO SiL
111 224 224 0 SANGO SiL
112 224 224 0 SANGO SiL
113 0 0 NA BLOUNT SiL
114 0 0 NA BLOUNT SiL
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TABlE F-3 (cant.)

SLUDGE SLUDGE SLUD·GE SLUD'GE SLUD'GE SLUDGE SLUD·GE SWDGE SLUDGE
Fe N M P Pb Zn SOUDS BIO,LO'GICAL CHEMICAL
% % maiko maiko maiko maiko CONTNT PROCESSING STAB:IUZATN

-

77 1.5 2.1 40 1.3 1600 1800
78
79 1.7 2.3 20 1.6 530 1800
SO 1.5 2.1 40 1.3 1600 1800
81
82 1.7 2.3 20 1.6 530 1800

.83 1.5 2.1 40 1.3 1600 1800
84
8S 1.7 2.3 20 1.6 530 1800
86 1.5 2.1 40 1.3 1600 1800
87
88 1.7 2.3 20 1.6 . 530 1800
89 1.5 2.1 40 1.3 1600 1800
90
91 1.7 2.3 20 1.6 530 1800 ..
92 1.5 2.1 40 1.3 1600 1800
93 1.7 2.3 . 20 1.6 530 1800
94 1.7 2.3 20 1.6 530 1800
95 1.7 2.3 20 1.6 530 1800
98 1.7 2.3 20 1.6 530 1800
97 1.7 2.3 20 1.6 530 1800
98 1.7 2.3 20 1.6 530 1800
99 1.7 2.3 20 1.6 530 1800
100 : 1.7 2.3 20 1.6 530 1800 : :

101 1.7 2.3 20 1.8 530 1800
102 1.7 2.3 20 1.6 530 1800
103 1.7 . 2.3 20 1.6 530 1800
104 1.7 2.3 20 1.8 530 1800
105 1.7 2.3 20 1.6 530 1800
106 1.7 2.3 20 1.8 530 1800
107 1.7 2.3 20 1.6 530 1800
108 1.7 2.3 20 1.6 530 1800
109 1.7 2.3 20 1.6 530 1800
110 1.7 2.3 20 1.8 530 1800
111 1.7 2.3 20 1.6 530 1800
112 1.7 2.3 20 1.6 530 1800
113 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY. FECL3
114 4.5 5.9 316 3.5 1135 5059 0.03 2ND TRTMNT. ANAEROBIC DIGESTION CENT POLY FEel3
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TABLE F-3 (coot.l '

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd Ci' Cu

CITATION NAME CULTIVAR DH % % % malka maiko maiko

77 GIORDANO & MAYS 1977 KALE 6.1 1.7 40 '400 520
78 GIORDANO & MAYS 1977 OKRA
79 GIORDANO & ,MAYS 1977 OKRA 6.6 2.5 50 350 730
80 GIORDANO & MAYS 1977 OKRA 6.1 1.7 40 400 520
81 GIORDANO & MAYS 1977 PEPPER
82 GIORDANO & MAYS 1977 P:;PPER 6.6 2.5 50 350 730
83 GIORDANO & MAYS 1977 PEPPER 6.1 1.7 40 400 520
84 GIORDANO 81 MAYS 1977 TOMATO
85. GIORDANO & MAYS 1977 TOMATO 6.6 2.5 50 350 730'
86 GIORDANO & MAYS 1977 TOMATO 6.1 1.7 40 400 ' 520
87 GIORDANO & MAYS 1977 SQUASH
88 GIORDANO Bt MAYS 1977 SQUASH· 6.6 2.5 50 " 350 730
89 GIORDANO & MAYS 1977 SQUASH 6.1 1.7 40 400 520
90 GIORDANO & MAYS 1977 LETTUCE
91 GIORDANO & MAYS 1977 LETTUCE 6.6 2.5 . 50 350 730
92 GIORDANO Bt MAYS 1977 LETTUCE 6.1 1.7 40 400 520
93 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 350 730
94 ' GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 350 730
95 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 350 730

,96 GIORDANO&MAYS 1977 LETTUCE 6.6 2.5 50 350 730
97 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50 350 730
98 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50 350 730
99 GIORDANO&MAYS 1977 PEPPER 6.6 2.5 50 350 730
100 GIORDANO&MAYS 1977 PEPPER : 6;6 2.5 50 350 730
101 GIORDANO&MAYS 1977 BEAN 6:6 '2.5 50 350 730
102 GIORDANO&MAYS 1977 BEAN 6.8 2.5 50 350 730
103 GIORDANO&MAYS 1977 BEAN 6.8 2.5 50 350 730
104 GIORDANO&MAYS 1977 BEAN 6.8 2.5 50 350 730'
105 GIORDANO&MAYS 1977 CORN 6.8 2.5 50 350 730
106 GIORDANO&MAYS 1977 CORN 6.8 2.5 50 350 730
107 GIORDANO&MAYS 1977 CORN 6.6 2.5 50 350 730
108 GIORDANO&MAYS 1977 CORN 8.6 2.5 50 350 730
109 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730
110 GIORDANO&MAYS 1977 SQUASH 6.6 . 2.5 50 350 730

111 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730

112 GIORDANO&MAYS 1977 SQUASH 6.6 2.5 50 350 730
113 HINESLY 1985 CORN 3.4 263 2963 1422
114 HINESLY1985 C.ORN 3.4 263 2963 1422
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TABLE F-3 (cont.)

LOCATION
COMMENTS OF

STUDY

39 MUSCLE SCHOALES, AL
40 -DOSE RESPONSE & TISSUE NI CONCENTRATiON INCONSISTANT MUSCLE SCHOALES. AL
41 MUSCLE SCHOALES, AL
42 MUSCLE SCHOALES. AL
43 -DOSE RESPONSE NOT CONSISTANT. PH<5.5 MUSCLE SCHOALES. AL
44 MUSCLE SCHOALES. AL
45 MUSCLE SCHOALES, AL
46 MUSCLE SCHOALES. AL
47 MUSCLE SCHOALES. AL
48 MUSCLE SCHOALES. AL
49 MUSCLE SCHOALES, AL
50 MUSCLE SCHOALES. AL
51 -DOSE RESPONSE & TISSUE NI CONCENTRATiON NOT CONSISTANT MUSCLE SCHOALES. AL
52 -DOSE RESPONSE & TISSUE NI CONCENTRATION NOT CONSISTANT MUSCLE SCHOALES. AL
53 MUSCLE SCHOALES, AL
54 -TISSUE NI NOT CONSISTANT, SOiL PH<5.5, SLUDGE LOADING EXCEED61 AGRONOMIC RATES MUSCLE SCHOALES. AL
55 -TISSUE NI NOT CONSISTANT. SOIL PH<5.5. SLUDGE LOADING EXCEEDS AGRONOMIC RATES MUSCLE SCHOALES. AL
56 -TISSUE NI NOT CONSISTANT. SLUDGE LOADING EXCEEDS AGRONOMIC RATES MUSCLE SCHOALES. AL
57 MUSCLE SCHOALES. AL
58 MUSCLE SCHOALES, AL
59 -NOT TESTED STATISTICALLY, MAYBE ATTRIBUTED TO WET SEASONIlNSECTS MUSClESCHOALES,AL
60 MUSCLE SCHOAlES, AL
81 -NOT TESTED STATISTICALLY, MAYBE ATTRIBUTED TO WET SEASON/INSECTS MUSCLE SCHOALES, AL
62 -NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONIlNSECTS MUSCLE SCHOALES, AL
63 MUSCLE SCHOALES, AL
84 MUSCLE SCHOALES, Al
85 -NOT TESTED STATISTICALLY, MAY BE ATTRIBUTED TO WET SEASONIlNSECTS MUSCLE SCHOALES. Al
88 MUSCLE SCHOALES, Al
87 MUSCLE SCHOALES. Al
88 MUSCLE SCHOALES, AL
89 MUSCLE SCHOAlES, AL
70 MUSCLE SCHOAlES. AL
71 MUSCLE SCHOAlES. At
72 MUSCLESCHOAlES,AL
73 MU'SClE SCHOALES, At
74 MUS'CLf SCHOAlES' AL
75 MUSCLE 5CH'OAlES, AL
76 MUSCLE SCHOALES AL
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TABLE F-4 (cont.1

LOCATION
OF

STUDY

381 Joliet, III.
382 Joliet,llI.
383 Joliet, III.
384 Joliet, III.
385 Joliet, III.
386 Joliet, III.
387 Joliet, Ill.
388 Joliet, III.
389 Joliet, III.
390 Joliet, III.
391 Joliet,llI.
392 Jollet,llI.
393 Joliet, III.
394 Joliet, III.
395 Joliet,llI.

.. 398 Joliet, III.
397 .IOlIlt,llI.
398 Jollet,lIl.
399 Joliet,lll.
400 Joillt, III.
<401 Joliet, III.
<402 Joliet, III.
<403 Joliet, III.
<404 : Jol,iet, III.
<405 Jollet,ln.
<408 Joliet, III.
407 Jollet,llI.
<408 Jollet,lIl.
<409 Joliet, III.
410 Jollet,llI.
411 JOlllt,III.
412 Joliet, III.
413 Joliet, III.
414 Joliet, III.
415 Joillet, III.
418 Joliet,llI.
417 Joliet,lI'!.
418 joliet. III.
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TABU: 1=-4 ~GO'/1It.)

SLUOGE SLUDGE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOLSOUDS AI C. Cd

CITATION NAME CUtTIVAR DB % % % maiko

419 HI''''I ':-I.T.D••t .... 197&. '95 Com H91S
420 HI.,.. iv. T.O••t .... 1978. '95 Corn Rl77
421 Hlrlel iv. T.O••t". 1978. '95 Corn 877
422 Hlne.v. T.O••t .... 1978. 195 Corn Oh43
423 HI,MalY. T.O••t .... 1978. 'S5 Co,rn R805
424 HIM,IlV. T.O••t .... 1978. '95 Com H98
425 HI'Ma/V. T.O••t .... 1971. '95 Corn AIS19
421S H1Mllv. T.O••t aI. 1978. '95 Corn Mo17
427 HlnealY. T.O••t .... 1978. 'S5 Corn Oh545
428 HilMa/V. T.O••t .... 1978. 195 Corn 837
429 HIMllv. T.O••t e1.. 1978. 195 Corn R805
430 HIMllv. T.O••t .... 1978. '95 Co,rn V.21S
431 HiMllv. T.O. et 81•• 1971. '95 Corn Hl00
432 HIMllv. T.O••t aI•• 1978. '95 Com 873
433 HiMllv. T.O. et .... 1978. '95 Corn 814
434 HiMllv. T.O. 8t .... 1978. '95 ~ Corn AIS32
435 HIMllv. T.O••t .... 1978. 195 Corn N28
431S HiMllv. T.O••t .... 1978. 195 Corn WIS4A
437 HiMliv. T.O. et .... 1978. 195 ellrn R802A
438 Hln.,llv. i.O••t .... 1978. 195 Corn H99
439 H1Mllv. T.O••t .... 1978. '95 Corn H91S
440 Hlnellv. T.O••t .... 1978. 195 Corn Rl77
441 HIMIIv. T.O. at .... 1978. 195 Corn 877
442 Hlneslv. T.O. et .... 1978. 196 Corn ; Oh43 :

443 Hlneslv. T.O. et .... 1978. 195 Corn R801S
444 Hlnellv. T.O. It aI•• 1978. '95 Corn H98
445 Hlnellv. T.O••t .... 1978. 195 Corn AIS19
441S Hlnellv. T.O. et .... 1978. 195 Corn Mo17
447 Hinellv. T.O. at aI•• 1978. 195 Co,rn Oh545
448 Hlnellv. T.O••t aI•• 1978. '95 Corn 837
449 Hinellv. T.O••t .... 1978. 195 Corn R805
450 Hineslv. T.O. et .... 1978. '95 Com VdlS
451 Hlneelv. T.O. at .... 1978. '95 Corn Hl00
452 Hlnellv. T.O. at 11I•• 1978. '95 Corn B73
453 Hinellv. T.O. at e1•• 1978. '95 Corn B14
454 HIM.lv. T.O. et .... 1978. '95 Corn A832
455 . HiM,lv. T.O. at aI•• 1978. '95 Corn N28
458 Hinalliv. T.O. at III. 1978. '95 Corn W84A

F·282



TABLE F-4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

mon<o mo.1<o 'lb % ma.1<a rng.1<a maiko mo.1<a CONTNT PROCESSING

419 One-quartar maximum
420 Ona-Quarter maximum
421 Ona-quarter maximum
422 One-helf maximum
423 Ona-half maximum
424 Ono-half maximum
425 Ona-half maximum
426 One-half maximum
427 One-half maximum
428 One-half maximum
429 One-half maximum
430 One-half ma~imum
431 Ona-half ma!dmum
432 Ona-half maximum
433 One-half maXimum
434 ~ .. One-half ma)limum
435 One-half maximum
436 One-half maximum
437 One-half maximum
438 One-half maximum
439 .. One-half maximum
440 One-half maximum
441 ; One-half maXimum
442 : Maximum
443 Maximum
444 Maximum
445 Maximum
448 Meximum
447 Meximum
448 Maximum
449 Mexlmum
450 Maximum
451 Maximum
452 Meximum
453 Meximum
454 Maximum
455 Maximum
456 Maximum
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TABLE F-4 (conU

SLUDGE ANINiL SLUDGE CUM!MIL SLUDGE YEARS SOliL SO'liL
CHIEMICAL LOAO'NrG RATE LOAO,N'G RATE SIIN'CE LAST TAXONOMIC SERIES SOliL

STABIUZATN Malh. MaJha APPUCATN NAME NAME TEXTURE

419 17.75 7 Aldc Ochr.,aualf Blount .,1Itlo,em
420 17.75 7 Ald,c Ochr.,auelf BI,ount .,1Itf,oem
421 17.75 7 Aode Ochraaulllf • Blount .,inloem
422 35.5 7 Aerie Ochraaulllf Blount .iltloem
423 35.5 7 Aoric Oehr8ooalf Blount .lnlollm
424 35.5 7 Aorie OChr8Quelf Blount .iiltloam
425 35.5 7 Aorie Ochrlloulllf Blount .ilt loem
42& 35.5 7 Aerie Ochr8oulllf Blou,nt .,iiltlollm
427 35.5 7 Aldo Ochrlloulllf Blount .,i,lt loam
428 35.5 • 7 Aoric Oehraooolf Blount .i'ltloam
429 35.5 7 Aoric Oehrlloulllf Blount ,i,lt I,oam
430 35.5 7 Aoric Oehroouolf Blount .i1tlollm
431 35.6 7 Aoric Ochraoulllf B1,ount .ilt IOllm
432 35.6 7 Alric Oehraoulllf Blount ,i1t loam
433 36.6 7 Aoric Oehraoulllf Blount .i1t loam
434 35.5 " 7 Aerie Ochraaualf Blount .i1t loem
435 35.6 7 Aoric Ochrllou·lllf Bfount ,i1t loam
43& 36.6 7 Aoric Ochrllaulllf Blount .i,lt loam
437 35.5 7 Aerlc Ochraooalf Bfount .i1tloem
438 35.5 7 Aerie Ochrllaulllf Blount .i1t loam
439 35.6 7 Aerio Oehraoulllf Bfount .i1t loam
440 35.5 7 Aerio Ochrllaualf Bfount ,I'lt loem
441 35.6 7 Aerio Ochrlloulllf Blount ,Ut loem
442 : 71 7 : Allrio Ochrlloulllf Bfount .i1tlollm :
443 71 7 Aeric Ochrlloollif Bfount .i'lt loam
444 71 7 Allric Ochraoulllf Blount .llt loam
445 71 7 Aerie Oehraoulllf Blount .1,ltloam
44& 71 7 Aaric Ochraaulllf Blount .IUloam
447 71 7 Allric Ochrllouelf Blount .liltloam
448 71 7 Allric Ochraaulllf Blount .ilt loam
449 71 7 Allric Ochraoulllf Bfount .iUlollm
450 71 7 Allric Ochraaulllf Blount .i1t loam
451 71 7 Allric Ochrlloulllf Blount eilt loam
452 71 7 Allrie Oehraoulllf Blount .i1t loam
453 71 7 Aerie Ochraoulllf Blount .i1t loam
454 71 7 Allrie Oehraoualf Blount .iltloam
456 71 7 Aorie OehraQulllf Blount silt IOllm
456 71- 7 Allrie OChr8QUllif Blount silt loam

F-284



TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn

CONTENT CONTENT CONTENT CEC OC SOIL LOADING
% % % cmollko % pH RATE (kothe)

419
420
421
422
423
424
425
426
427 ~

428
429
430
431
432
433
434 .. ,, ,
435

,.

438
437
438
439
440
441 i , I
442 : ;

: :

443 "

444
445
448
447
448
449
450
451
452
453
454
455
456
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TABlE F-4 foa,nil.)

SOIL Zn PLANTZn PLANT YIIELD YIELD
SQiIIL CQiNCENTRTN CONCENTRTN TISSUE D,ESCRIIPTJ.O'N OF REDUCTION COMI"ONENT

EXTRACTANT m.alko molko SAMPLED EXPERIMENTAL D,ESIGN % MEASURED

419 188 43.3 SLUDGE. FIELD. MATURITY NOT REPORTED
420 188 34.3 "SLUDGE, FIELD, MATURITY NOT REPORTED
421 188 32 SLUDGE, FI'ELD, MATURITY NOT REPO,RTED
422 328 142.2 SLUDGE, FIELD, MATURITY NOT REPORTED
423 328 158.1 SLUDGE, FIELD, MATURITY NOT REPORTED
424 328 112.2 SLUDGE, FIELD, MATURITY NOT REPORTED
425 328 82 SLUDGE, FIRD, MATURITY NOT REPORTED
428 328 107.1 SLUDGE, FI'ELD, MATURITY NOT REPORTED
427 328 89.2 SLUDGE, FIELD, MATURITY NOT REPORTED
428 328 99 SLUDGE, FIELD, MATURITY NOT REPORTED
429 328 91 SLUDGE, FIELD, MATURITY NOT REPORTED
430 328 77.1 SLUDGE, FIELD, MATURITY NOT REPORTED
431 328 85.9 SLUDGE, FIELD, MATURITY NOT REPORTED
432 328 77.7 SLUDGE, FIELD, MATURITY NOT REPO'RTED
433 328 71 SLUDGE, FIELD. MATURITY NOT REPORTED
434 328 52.8 SLUDGE. FIELD, MATURITY NOT REPORTED
435 328 58.7 SLUDGE. FIELD, MATURITY NOT REPO'RTED
438 328 65.4 SLUDGE, FIELD, MATURITY NOT REPORTED
437 328 85.3 SLUDGE, FIELD, MATURITY NOT REPORTED
438 328 47.9 SLUDGE,AELD,MATURITY NOT REPORT~D

439 328 83.5 SLUDGE, FIELD, MATURITY NOT REPORTED
440 328 84.8 SLUDGE, FIELD, MATURITY NOT REPORTED
441 328 43.7 SLUDGE, FIELD, MATURITY NOT REPORTED
442 454 281.8 : SLUDGE. AELD, MATURITY NOT REPO'RTED :

443 454 288.2 SLUDGE, FIELD, MATURITY NOT REPORTED
444 454 217.2 SLUDGE, FIELD, MATURITY NOT REPORTED
445 454 193.3 SLUDGE, FIELD, MATURITY NOT REPORTED
448 454 188.8 SLUDGE, FIELD, MATURITY NOT REPORTED
447 454 170.8 SLUDGE, FIELD, MATURITY NOT REPORTED
448 454 184.2 SLUDGE, FIELD, MATURITY NOT REPORTED
449 454 148.1 SLUDGE, FIELD, MATURITY NOT REPORTED
450 454 144.4 SLUDGE, FI'ELD, MATURITY NOT REPORTED
451 454 140.1 SLUDGE, FIELD, MATURITY NOT REPORTED
452 454 133.7 SLUDGE, FIELD, MATURITY NOT REPO'RTED
453 454 130.2 SLUDGE, FIELD, MATURITY NOT REPORTED
454 454 113 SLUDGE, FIELD, MATURITY NOT REPORTED
455 454 109.4 SLUDGE, FIELD. MATURITY NOT REPORTED
456 454 107.2 SLUDGE. FIELD. MATURITY NOT REPORTED
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TABLE F-4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

419 NO
420 NO
421 NO
422 NO
423 NO
424 NO
425 NO ,
426 NO
427 NO
428 NO
429 NO
430 NO
431 NO
432 NO !

,
433 NO
434 NO ..
435 NO

~ 436 NQ
437 NO
438 NO
439 NO
440 NO
441 , NO
442 NO : :

443 NO
444 NO
445 NO
446 NO
447 NO

'- 448 NO
449 NO
450 NO
451 NO
452 NO
453 NO
454 NO
455 :I NO
456 NO ~>
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TABLE F-4 (cont.1

LOCATION
OF

STUDY

419 Joliet. III.
420 Joliet.I'lt
421 Joliet. 1111.
422 Joliet. lilt
423 Joliet. lilii.
424 Joliet. lit
425 Joliet. Ilit
428 Joliet. lit
427 Joliet. III.
428 Joliet, III.
429 Joliet. lit
430 Joliet. III.
431 Joliet. III.
432 Joliet. U1.
433 Joliet. III.. 434 JoIIe,t. III.
435 JoI,let. 1111.
438 Joliet. III.
437 JoI,let, HI.
438 Joliet, III.
439 Joliet, III.
440 JoI,let, 1111.

441 Joliet. MI.
442 Joliet. ll'l.
443 Joliet, 1111.
444 Joliet, I'.
445 JoI/,et, III.
448 Joliet. I'.
447 J,oI/,e't. 1111.
44S J,oI/,e't. If.
449 JoIIe,t I'.
450 JoI/,.'t ...
451 JoIi.,t, I'.
452 J,oIi.,t, If.
"'53 J'mli,.'t, If.
"'54 J,mli,e,t, M.
"'55 Joli.t. If.
"'58 J,okt If.
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOLSOUDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % maiko

457 Hinellv. T.D.et CII•• 1978. '95 Corn R802A
458 Hinelly. T.D. et aI•• 1978. 195 Corn H99
459 Hinellv. T.D. et .... 1978. 195 Corn H96 '
460 Hinllliv. T.D. et ".; 1978. '95 Corn Rl77
461 Hlnelly. T.D. et ".; 1978. 195 Corn B77
462 Hue. N.V•• 1988.1104 Sudenore.. Piper 0.97 5
463 Hue. N.V•• 1988.1104 Sudimgre" Piper 0.97 5
464 Hue. N.V•• 1988.1104 Sudengre.. Piper 0.97 5
465 Hue.N.V•• 1988.1104 Sudanarall8 Piper , 0.97 5
466 Kirkham. M.B•• 1975 '125 Corn
467 Kirkham. M.B•• 1975 '125 Corn
468 Klrkheni. M.B•• 1975 1125 Corn 830
469 Kirkham. M.B•• 19831127 Sorghum Dekalb C-46 P1UI 6.7 7770 29.2
470 Kirkham. M.B•• 1983 11 27 Sorohum Dlkalb C-46.P1uI 6.7 7770 29.2
471 Meallen. K.S. et .... 1987.1147 legume 8-17.6
472 Maaleen. K.S. et 11•• 1987.1147 leGUme 8-17.8
473 Mealean. K.S••t .... 1987.1147 GRASS 8-17.6
474 Meal.an. K.S. It aI•• 1987.1147 GRASS 8-17.8
475 Sikora. lawrence J. et al•• 1980. '214 aet. Cllntford 11.2 19 2
476 Sikora. lawrence J. et .... 1980. '214 Oet. Cllntford 6.9 22 18
477 Sikora. lAwrence J. at .... 1980. '214 Wheat Potomac 11.2 19 2
478 Sikora. lawr.m:c J. lilt III•• 1980. 1214 Wheet Potomac . 6.9 22 Hi
479 Sikora lewrence J. et .... 1980. '214 Cherd Fordhook Gient Swill 11.2 19 2
480 Sikora, lAwrence J. et .... 1980.1214 Cherd Fordhook Giant Swill 6.9 22 18
481 Vtamll. J. et .... 1985. '245 Barley MARIOUT
482 Vtaml•• J. et aI •• 1985. '245 Barlay MARlOUT
483 Vtamll. J. et aI•• 1985. '245 Barley MARIOUT
484 . Vtaml•• J ••t II.. 1985. '245 Barley MARIOUT
485 Vtamll. J. et II•• 1985. '245 Barley MARIOUT
486 , Vtmli•• J. It aI •• 1985. '245 BarllV MARlOUT
487 Vtamll. J. It .... 1985. '245 Barlev MARIOUT
488. Vtamll. J. It al •• 1985. '245 Barley MARIOUT
489 Vtamll. J. et el.. 1985. '245 Barley MARIOUT
490 Vtamll. J. It el •• 1985. '245 BarllY MARIOUT
491 V1mlil. J. et al•• 1985. '245 Barley MARlOUT
492 Vtamil. J .•t .... 1985. '245 BarllY MARIOUT
493 Vtamll. J. etel.. 1985. '245 Barley MARIOUT
494 Vlamil, J. et al. 1985. '245 B8r1eY MARIOUT .
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TABLE F·4 (cont.'

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE· SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS' BIOLOGICAL

maiko maiko % % molko molko maiko malkg CONTNT PROCESSING

457 Maximum
458 Maximum
459 Maximum
460 Maximum
461 Maximum
462 440 5 29 640
463 440 5 29 640
464 440 5 29 640
465 440 5 29 640
468 control
467 supernatant
468 5900 S020 NO 24iOOO 8390 .Iuda,a
469 851 375 35.8 21300 124 1890 Siudae-trllllted soil
470 851 375 35.8 21300 124 1890 Control
471 31·130 398-878 28-58 288·884 810-1398 Treated with .Iudae
472 31·130 398-878 '28·56 288·884 810-1398 Untreated
473 31-130 398-878 28·58 288-884 810-1398 Treated with .,Judae
474 31·130 398·878 28-58 288-884 810-1398 Untraated
475 200 400 Umed raw .udgl

478 827 2050 Dla'.lted .uda,a
477 200 400 Umed raw .udae
478 827 2050 Diaalted Iludge

479 200 400 Umed raw .'udal
480 827 , 2050 , Dilletted .,udal
481
482
483
484
485
488
487
4Sa
488
490
ai81
412
493
43,4
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TABLE F-4 (eont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNGRATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Malha Malha APPLICATN NAME NAME TEXTURE

457 ' 71 7 Allrie OehraQualf Blount silt loam
458 71 7 Allrie OehraQualf Blount lilt loam
459 71 7 Aarie OehraQualf . Blount lIi1tloam
460 71 7 Allrie OehraQualf Blount silt loam
461 71 7 Allrie Oehraqualf Blount silt loam·
462." , 0 0 3 TroDIIDtie Eutrustox Wahiawa Iiltv elav
463 , 45 45, 3 troDIIDtic Eutrustox Wahiawa Iiltv elav
464 90 90 3 Tropllptie Eutrustoll Wahiawa Iiltv elllv .

465 180 180 0 TroDIIDtie Eutrustox Wahiawa· Illtvelav
466 0 8 Warsaw . lilt loam
467 8 Warsaw lilt loom
468 1010 8 Warlaw .i1t loam
469 32 128 Typic UdifluvlInt Haynill vf landy loam
470 32 128 iTypic UdifluvlInt Havnie vf laooy loam

471 44.9twET WT.) 44.9twET WT.) 1·2 VIIars Cl.SL
472 0

~

0 1-2 VIIarl CL.SL
473; CL.SL
474 Cl,SL

475 Gall8town-EVlllboro loamY.and
471
477
478
479
480 :

481 0 0 DUBLIN l

482 0 0 DUBLIN l

483 0 0 DUBLIN L
. 484 0 0 DUBLIN l

485 0 0 DUBLIN l

486 0 0 DUBLIN L

487 0 0 DUBLIN L

488 0 0 DUBLIN L

489 0 0 DUBLIN L

490 0 0 DUBLIN l

491 0 0 DUBLIN L

492 0 0 DUBLIN L
493, 0 O. DUBLIN l

494 0 0' DUBLIN L
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % DH RATE (kalhal

457
458
459
460
481
482 1.14 5.32 0
483 1.22 5.77 29
484 1.34 8.03 58
485 1.8 8.38 118
488 21.1 3.9 6.2
467 5.9
4Se 5.9 10850
489 5.9
470 7
471 8.98 6.2
472 ~ 7.48 6.05
473 8.98 8.2
474 7.48 6.05
475 8.7
478 6.7
477 8.7
478 8.7
479 8.7
480 : : 8.7
481 20 5.5 0
482 20 5.5 0
483 20 5.5 0
484 20 5.5 0
485 20 5.5 0
488 20 5.5 0
487 20 5.5 0
48;11 20 5.5 0
48:$1 20 5.5 0
4$0 20 5.5 0
411 20 5.5 0
482 20 5.5 0
4t3 20 5.5 0
<4S4 20 5.5 0
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TABLE F-4 (cont.1

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

457 454 104.9 SLUDGE, FIELD, MATURITY NOT REPORTED
458 454 102.9 -- SLUDGE, FIELD, MATURITY NOT REPORTED
459 454 94.3 SLUDGE, FIELD, MATURITY NOT REPORTED
460 454 88 SLUDGE, FIELD, MATURITY NOT REPORTED
461 454 61.8 SLUDGE, FIELD, MATURITY NOT REPORTED
462 DTPA 3.7 176 ABOVE GROUND SLUDGE. FIELD, MATURITY 0 TOTAL BIOMASS
463 DTPA 8.1~ 150 ABOVE GROUND SLUDGE) FIELD, MATURITY 0 TOTAL BIOMASS
464 DTPA 10.3 115 ABOVE GROUND SLUDGE; FIELD, MATURITY 0 TOTAL BIOMASS
465 DTPA 13.8 172 ABOVE GROUND SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
466 TOTAL 158 67 LEAF . SLUDGE, FIELD, MATURITY NOT REPORTED
467 TOTAL 988 202 LEAF SLUDGE, FIELD, MATURITY NOT REPORTED
468 TOTAL 2065 196 LEAF SLUDGE, FIELD, MATURITY NOT REPORTED
469 10.2 37 Leaf SLUDGE, FIELD, MATURITY NOT REPORTED
470 0.8; 37 Leaf SLUDGE) FIELD, MATURITY NOT REPORTED ,
471 .1 N HCL 2.57 28.4 Above Ground SLUDGE; FIELD, MATURITY NOT REPORTED
472 .1 N HCL 2.2 25.9 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED
473 .1 N HCL 2.57 20.8 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED
474 .1 N HCL 2.2 23 Above Ground SLUDGE, FIELD, MATURITY NOT REPORTED
475 4.2 5.3 Stover SLUDGE, FIELD, MATURITY
478 14.5 71.4 Stover SLUDGE, FIELD, MATURITY
477 4.2 5.3 , Stover SLUDGE, FIELD, MATURITY
478 14.5 69.7 Stovsr SLUDGE, FIELD, MATURITY
479 4.2 53 Whole SLUDGE FIELD, MATURITY
480 14.6 : 254 Whole SLUDGE FIELD, MATURITY :

481 72 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
482 58 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
483 71 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
484 51 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
485 37 LEAF SLUDGE, RELD, MATURITY 0 GRAIN
488 116 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
487 68 LEAF, SLUDGE, FIELD, MATURITY 0 GRAIN

488 90 LEAF SLUDGE, FIELD, MATURITY '0 GRAIN
489 45 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
490 47 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN

491 47 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN

492 32 LEAF. SLUDGE, FIELD, MATURI1Y 0 GRAIN

493 ~
- 73 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN

494 61 : LEAF SLUDGE; FIELD. MATURITY 0 GRAIN
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TABLE F-4 (cont.1

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

-
457 NO
458 NO
459 NO
460 NO
461 NO
462 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION
463 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION
464 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION
465 NO YIELD SIGNIFICANTLY INCREASED BY SLUDGE APPLICATION
466 ", NO -
487 NO
488 NO
469 NO
470 NO
471 NO
472 NO to

473 NO
474 NO
475 NO
478 NO
477 NO
478 NO
479 NO
480 : NO :

481 NO
482 N'O
483 NO
484 N,O •
485 NO
488 NO
487 N,O
4811 NIO
489 NO
490 N,O
411 N'O
492 NO
493 NO
494 N'O
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TABLE F-4 (cant.)

LOCATION
OF

STUDY

457 Joliet III.
458 Joliet,lII.
459 Joliet, III.
460 Joliet,lII.
461 Joliet, III.
462 OAHU,HAWAII
463 OAHU, HAWAII
464 OAHU, HAWAII
465 OAHU, HAWAII
468 Davton, Ohio
467 Davton, Ohio
468 Davton, Ohio
469··· Manhattan,· l(enHl

470 Manhattan, KaMal
471 Pictou county, Nova Scotia
472 Pictou county, Nova Scotia
473 Pictou county, Nova Scotia
474 Pictou county, Nova Scotia
475 Belteville, Mary and
478 Beltsville, MaN and
477 Belttville, MaN and
478 Beltsville, Mary and
479 Belttville, MaN a.nd

480 Belttville, Mary and
481 BERKELEY, CALIFORNIA
482 BERKELEY, CALIFORNIA
483 BERKELEY, CALIFORNIA
484 BERKELEY, CALIFORNIA
485 BERKELEY, CALIFORNIA
488 BERKELEY, CALIFORNIA
487 BERKELEY, CALIFORNIA
488 BERKELEY, CALIFORNIA
489 BERKELEY, CALIFORNIA
490 BERKELEY, CALIFORNIA
491 BERKELEY, CALIFORNIA
492 BERKELEY, CALIFORNIA
493 ' BERKELEY, CALIFORNIA
494 : BERKELEY CALIFORNIA
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TABLE F-4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % malka

495 Vlamll. J. It aI•• 1985. 1245 Barlev MARlOUT 37
498 Viemil. J. It aI•• 1985. 1245 Barlev MARlOUT 37
497 VlM'llI. J. It aI•• 1985. 1245 Barlev MARlOUT 37
498 Vlemll. J. It aI •• 1985. 1245 Barlev MARlOUT 37
499 Viemil. J. et el•• 1985. 1245 Barlev MARIOUT 37
500 . Vlemll. J. et aI•• 1985. 1245 Barlev MARIOUT 37
501 Vlamll. J. et aI•• 1985. 1245 Barlev MARIOUT 37
502 Vlamll J. et aI•• 1985. 1245 Barlev MARIOUT 37
503 Vlamll. J. It III•• 1985.1245 Barlev MARIOUT' 37
504 Vlemll. J. et aI•• 1985.1245 Barlev MARIOUT 37
505 Vlemll. J. It aI•• 1985.1245 Barlev MARIOUT 37
506 VlemI:. J. lilt d •• 1985. '245 Barlav MARIOUT 37
507 Vilmil. J.•t aI•• 1985. 1245 Barlev MARIOUT . 37
508 Vllmil. J. et aI•• 1985. 1245 Barlev MARIOUT 37
509 Viamil. J. et aI •• 1985. '245 BarllV MARIOUT 37
510 Viamil. J. It aI•• 1985. '245 .. BarllV MARIOUT 37
511 Vllmil. \I. It aI•• 1985. '245 BertIV MARlOUT 37
512 Viamil. J. It III•• 1985. '245 Badlv MARIOUT 37
513 Viemll. J. eul•• 1985. '245 BarllV MARIOUT 37
514 Vlamll. J. It II.. 1985. '245 BarlIV MARlOUT 37
515 VlamI'l. J. It aI•• 1985.1245 Barlev MARIOUT 37
518 VlIImI., J. It II., 1985. '245 BarllV MARI'OUT 37
517 VlIImI,•• J. It aI•• 1985. '245 BarllV MARI'OUT 37
518 VIIImI,•• J. It aI., 19S5. '245 Barlev MARIOUT : 37
519 V111m1., J. It aI., 1985. '245 Badlv MARIOUT 37
520 VlamI. J. It II., 1985. '245 Badlv MARIOUT 37
521 V111m1., J. It aI•• 1985. '245 Bad.v MARIOUT 37
522 Viami., J. It aI., 1985. '245 BarllV MARIOUT 37
523 V1am1., J. It". 1985. '245 BarllV MARI'OUT 37
524 V1am1'l, J. It aI.1985. '245 Badlv MARIOUT 37
525 V1am1,., J. I,t aI•• lS85. '245 Badl'v MARIOUT 37
528 V111m11. J. It aI. 1915. '245 BarllV MARIOUT 37
527 V1am1., J. It aI. 1$"11'5. 1245 Bad.v MARIO'UT 37
528 VlIImI'I. J. lit .... 1985. '245 Barl.,v MARliOUT 37
529 V1,am1" J. It aI., 1lIl'85. 1245 Barf,.,v MARII'OUT 37
530 VlIImI., J. It". 19115. '245 e.rl,.v MARI'OUT
531 VIIml,I. J ••,t". 19:85. '245 Bad'IV MARI'OUT
532 VlIll'l'O. J. I,t aI. 1911'5. '245 Barlav MA.RlIOUT
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TABLE F-4 Icont.1

,oj-'

"

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS. BIOLOGICAL

maiko maiko % % maiko maiko maiko molko CONTNT PROCESSING
"

495 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
496 1470 eoo 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
497 1470 eoo 2.2 3.3 180 1.6· 1090 3910 0.2 PRIMARY
498 1470 800 2:2 3.3 180 1.6 1090 3910 0.2 PRIMARY
499 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
500 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY
501 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 SECONDARY
502 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
503 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
504 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
505 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
506 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
507 1470 600 2.2 3.3 180 : 1.6 1090 3910 0.2 SECONDARY
508 1470 600 2.2 3.3 180 US 1090 3910 0.2 SECONDARY
509 1470 600 2.2 3.3 180 US 1090 3910 0.2 PRIMARY
510 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
511 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY
512 1470 600 2.2 3.3 180 US 1090 3910 0.2 PRIMARY
513 1470 800 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
514 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY
515 1470 eoo 2.2 3.3 180 US 1090 3910 0.2 SECONDARY
518 1470 eoo 2.2 3.3 180 US 1090 3910 0.2 PRIMARY
517 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
518 1470 600 2.2 3.3 180 : US 1090 3910 0.2 PRIMARY
519 1470 eoo 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
520 1470 eoo 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
521 1470 eoo 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY
522 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY
523 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY
524 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY
525 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 PRIMARY
528 1470 600 2.2 3.3 180 1.6 1090 3910 0.2 PRIMARY
527 1470 600 2.2 3.3 180 US 1090 3910 0.2 PRIMARY
528 1470 600 2.2 3.3 180 1.8 1090 3910 0.2 SECONDARY
529 1470 600 2.2 3.3 180 US 1090 3910 0.2 SECONDARY
530
531 ,

532 ,
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TABLE F-4 (cant.I

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Malha Malha APPLICATN NAME NAME TEXTURE

495 45 45 0 DUBLIN L
496 45 90 0 DUBLIN L
497 45 135 0 DUBLIN L
498 45 180 0 DUBLIN L
499 45 225 0 DUBLIN L
500 45 270 0 DUBLIN L
501 45 315 0 DUBLIN L
502 . 90 90 0 DUBLIN L
503 90 180 0 DUBLIN L
504 90 270 0 DUBLIN L
505 90 360 0 DUBLIN L
508 90 450 0 DUBLIN I.
507 90 540 0 DUBLIN L
508 90 830 0 : DUBLIN L
509 135 135 0 DUBLIN L
510 135 .. 270 0 DUBLIN L
511 135 405 0 DUBLIN L
512 135 540 0 DUBLIN l
513 135 875 0 DUBLIN L
514 135 810 0 DUBLIN L
515 135 945 0 DUBLIN L
518 110 180 0 DUBLIN L
517 180 380 0 DUBLIN L
518 180 : 540 0 DUBUN L
519 180 720 0 DUBLIN I.
520 180 gOO 0 DUBUN L
521 180 1080 0 DUBUN L
622 180 1280 0 DUBUN L
623 225 225 0 DUBUN L
524 225 450 0 DUBUN !.
625 226 875 0 DUBUN L
528 225 100 0 DUBUN L
527 225 1125 0 DUBUN L
521 225 1350 0 DUBUN L
5a 225 1575 0 DU'BUN L
530 0 0 - DUBUN L
531 0 0 DUBUN L
532 0 0 DU'BUN L
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TABLE F-4 lcont.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT . CEC OC SOIL LOADING

'" '" '" cmol/ka % DH RATE (kothe)

495 20 5 176
496 20 5 352
497 20 5 528
498 20 5 686
499 20 5 815
500 20 5 995
501 20 5 1210
502 20 5.2 352
503 20 5.2 704
504 20 5.2 1056
505 20 5.2 1373
506 20 5.2 1630
507 20 5.2 1989
508 20 5.2 2419
509 : 20 4.5 528
510 20 4.5 1058
511 20 4.5 1584
512

,
20 4.5 2058

513 : 20 4.5 2445
514 20 4.5 2984
515 20 4.5 3029
SUS 20 4.5 704
517 20 4.5 1408
518 : 20 : 4.5 2112
519 20 4.5 2748
520 20 4.5 3281
521 20 4.5 3979
522 20 4.5 4839
523 20 NR 880
524 20 NR 1760
525 20 NR 2640
526 20 NR 3432
527 20 NR 4078
528 20 NR 4974
529 20 NR . 6050
530 .... 20 5.5 0
531 .' 20 5.5 0
532 . 20 5.5 0
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TABLE F-4 lcont.)

SOIL Zn PLANTZn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT manta maiko SAMPLED EXPERIMENTAL DESIGN '*' MEASURED

495 76 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
496 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
497 90 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
498 100 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
499 127 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
500 147 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
501 149 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
502 92 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
503 85 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
504 115 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
505 131 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
506 127 LEAF SLUDGE, FliELD, MATURITY 0 GRAIN
507 333 LEAF SLUDGE, FIELD, MATUR!TY 0 GRAIN
508 236 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
509 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
510 lSi LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
511 215 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
512 259 LEAF SLUDGE, FIIELD, MATURITY 0 GRAIN
513 351 LEAF SLUDGE. FI'ELD, MATURITY 0 G'RAIN
514 435 LEAF SLUDGE, FI'ELD, MATURITY 0 GRAIN
515 462 LEAF SLUDGE, FIIELD, MATURITY 0 GRAIN
516 113 LEAF SLUDGE, FIELD, MATURITY 0 GRAIIN
517 150 LEAF SLUDGE, FIELD, MATURITY 0 GRAIIN

: 518 248 : LEAF SLUDGE, FIELD, MATURITY 0 : GRAIN
619 341 LEAF SLUDGE, FIELD, MATURITY 0 GRAI'N
520 402 LEAF SLUDGE, FIELD, MATURITY 0 GRAIIN
521 455 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
522 820 LEAF SLUDGE, FIIELD, MATURITY 0 GRAIN
523 NIR LEAF SLUDGE, FIIELD, MATURITY 0 GRAIIN
524 NIR LEAF SLUDGE. FlIELD, MATURITY 0 GRAIN
525 NIR LEAF SLUDGE. FIIELD. MATURITY 0 GRAtiN
526 NIR LEAF SLUDGE FIIELD, MATURITY 0 GRAtiN
527 NIR LEAF SLUD'GE, FlIELD, MATURITY 0 GRAIIN
6281 NIR LEAF SlUiDGE, FJIElD, MATUIRITY 0 GRAIiN
621 NIR LEAF SLUDGE FlIELD MATUIR,ITY 0 GRAtiN
630 45 LEAF SLUDGE, RELD, MATURITY 0 GRAIN
531 41 LEAF SLUDGE. FIELD. MATURITY 0 GRAIiN
532 52 LEAF SWOOE RELD MATUiRlTY 0 GRAtiN
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TABLE F·4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

495 NO
496 NO
497 NO
498 NO
499 NO
500 NO
501 NO
502 NO
503 NO
504 NO
505 NO
506 " NO
507 NO
508·· NO ..
509 NO
510 NO
51\ NO
512 NO
513 NO
514 NO
515 NO
516 NO
517 NO
518 :NO :

519 NO
520 NO
521 NO
522 NO
523 NO
524 NO
525 NO
526 NO
527 NO
528 NO
529 NO
530 NO
531 ; NO I

!

532 t NO i
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TABLE F-4 (cant.)

LOCATION
OF

STUDY

495 BERKELEY. CALlFO,RNIA
496 BERKELEY. CALIFORNIA
497 BERKELEY. CALIFORNIA
498 BERKELEY. CALIFORNIA
499 BERKELEY. CALIFORNIA
500 BERKELEY, CALIFORNIA
S01 BERKELEY. CALlFO'RNIA
S02 BERKELEY. CALIFORNIA
S03 BERKELEY. CALIFORNIA
S04 BERKELEY. CALIFORNIA
S05 BERKELEY, CALIFORNIA
S08 BERKELEY. CALlFO,RNIA
S07 BERKELEY. CAUFORNIA
S08 BERKELEY. CALIFORNIA
S09 BERKELEY. CALIFORNIA
510 BERKELEY. CALIFORNIA
511 BERKELEY CALIFORNIA
512 BERKELEY CALIFORNIA
513 BERKELEY CAUFO'RN'IA
514 BERKELEY CALIFORNIA
515 BERKELEY. CAUFORNIA
518 BERKELEY. CALIFORN,IA
617 BERKElf\'. CALlFO,RNIIA
618 BERKELEY. CALIFORNIA
511 BERKELEY. CALIFORNIA
620 BERKELEY. CALIFORNIA
621 BERKELEY. CAUFORN,IA
622 BERKELEY. CAUFO'RNIA
523 BERKELEY. CALlFO,RNIIA
624 BERKELEY CAUFORNIIA
62:5 BERKELEY. CAUFOflNl1A
628 BERKELEY. CAUFO,RNIIA
527 BfR:KELEY. CAUFORNIIA
621 BERKElEV.CAUfORNIA
521 BER:KfLEY. CAUfO,RNllA
5310 BiER:KELEY CAUfOR,NIIA
531 BERKELEY. CAUFOflNllA
532 BERKELEY CAUfORNII.A
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TABLE F·4 lcont.l

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI CII Cd

CITATION NAME CULTIVAR pH % % % maiko

533 Viami•• J. at aI•• 1985. '245 ,Bllrley MARIOUT
534 Viami•• J. at aI •• 1985. '245 Berley MARIOUT
535 Vlami•• J. et aI•• 1985. '245 Bllrley MARIOUT
536 Villmil. J. et III. 1985. '245 Berley MARIOUT
537 VlemI•• J. et III •• 1985. '245 Berlev MARIOUT
538 Viemil. J. et a1.i 1985. '245 Berley MARIOUT
539 Vlamil. J. at atl 1985. '245 allrlay MARlOUT
540 Vleml•• J. at Ill•• 1985. '245 Barley MARIOUT
541 Viami•• J. et al•• 1985. '245 Berley MARIOUT
542 Vlamil. J.at I!I •• 1985. 1245 Berlev . MARIOUT
543 Vlamil. J. et al•• 1985. 1245 Berlay MARIOUT
544 Viemil. J. at III •• 1985. '245 Berloy MARlOUT 8
545 Vlamil. J. ot al •• 1985. 1245 Barlav MARIOUT 8
546 Vlamil. J. et aI.; 1985. '245 Barley MARIQUT. 8
547 Viemil. J. at c1•• 1985. '245 Berlev MARIOUT 8
548 Vlamll. J. at aI •• 1985. 1245 Berlev MARlOUT 8
549 Vlamil. J. at aI•• 1985. '245 Barley MARIOUT 8
550 Vlamli. J. et III•• 1985. '245 Berlev MARIOUT 8
551 Vlamll.J.atal•• 1985.1245 Berlav MARIOUT 8
552 Vlamli. J. at aI.. 1985. '245 Berlov MARIOUT 8
553 Vlemli. J. at ••• 1985. '245 BerllY MARIOUT 8
554 Vlemle. J. ill Ill•• 1985. '245 Bmrlllv MARIOUT 8
555 VlemI•• J. at 1iiI•• 1985. '245 Sarlav MARIOUT 8
551 VlamI. J. at aI•• 1985. 1245 Berlev : MARIOUT : 8
557 Vlamll. J. at .... 1985.1245 BerlllV MARIOUT 8
558 VlemI•• J. et aI•• 1985. 1245 BerllV MARIOUT 8
559 Vlemil.'J. It el•• 1985. '245 BerllY MARlOUT 8
560 Vlaml•• J. et Itl.. 1985. 1245 Barllv ' MARIOUT 8
581 Vlemil. J. It aI•• 1985.1245 BerllV MARIOUT 8
582 Vlanll•• J. et aI•• 1985. 1245 BerllV MARlOUT 8
583 Vlemli. J. at 111.• 1985.1245 Barlev MARlOUT 8
584 Vlemil. J. et lIII.. 1985. '245 Berlav MARIOUT 8
585 Vlemli. J. et al•• 1985. '245 Berley MARIOUT 8
566 Vlami•• J. et aI•• 1985. '245 Berlav MARlOUT 8
567 Vlamil. J. et Ill•• 1985.1245 Berlav MARIOUT 8
568 Vlamil. J. lit al. 1985. '245 Berley MARIOUT 8
569 " Vlamil. J. lit al •• 1985. '245 Barlev MARIOUT 8
570 Vlamis J. et al. 1985. '245 Bllrleu MARlOUT 8
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TABLE F-4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

533
534
535
536
537
538
539
540
541
542
543
544 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
545 . 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
546 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
547 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
548 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
549 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
550 40 180 1.2 1.1 40 0.4 260 440 1 COMPOSTED
551 40 1.0 1.2 1.1 40 0.4 260 440 1 COMPOSTED
552 40 180 1.2 1.1 40 0.4 260 440 1 COMPOSTED
553 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
554 40 180 1.2 1.1 40 0.4 260 440 1 COMPOSTED
555 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED

558 40 1.0 1.2 1.1 4.0 0.4 260 «0 1 COMPOSTED
557 40 110 1.2 1.1 40 0.4 260 440 1 COMPOSTED
558 40 1.0 1.2 1.1 40 0.4 260 440 1 COMPOSTED

559 40 1.0 1.2 1.1 40 0.4 250 440 1 COMPOSTED
5eo 40 1.0 1.2 1.1 40 0.4 260 440 1 COMPOSTED
581 40 1'0 1.2 1.1 40 0.4 260 440 1 COMPOSTED

582 40 1.0 1.2 1.1 40 0.4 260 440 1 COMPOSTED
5,83 40 1"0 1.2 1.1 40 0.4 250 440 1 COMPOSTED

584 40 1"0 1.2 1.1 40 0.4 2:50 440 1 COMPOSTED

585 40 11<0 1.2 1.1 40 0.4 250 440 1 COMPOSTED

58a 40 1"0 1.2 1.1 40 0.4 250 440 1 COMIPOSTED

51S7 40 110 1.2 1.1 ' 40 0.4 250 440 1 COM'POSTED

5ea 40 110 1.2 1.1 40 0.4 250 440 1 COMPOSTED

58:9 40 1"0 1.2 1.1 40 0.4 260 440 1 COMPOSTED

570 40 UO 1.2 1.1 40 0.4 250 440 1 COMiPOOTED

f..304



-

TABLE F-4 (cont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST. TAXONOMIC SERIES SOIL

STABllIZATN Mathe Mathe APPlICATN NAME NAME TEXTURE

533 0 0 DUBLIN L
534 0 0 DUBLIN L
535 0 0 DUBLIN L
536 0 0 DUBLIN L
537 0 0 DUBLIN L
538 0 0 DUBLIN L
539 ! 0 <> DUBLIN L
540 0 0 DUBLIN L
541 0 0 DUBLIN L
542 0 0 DUBLIN L
543 0 0 DUBLIN L
544 45 45 0 DUBLIN L
545 45 90 0 DUBLIN L
546 ~ 45 13:S 0 . DUBLIN L
547 45 180 0 DUBLIN L
548 45 225 0 DUBLIN L
549 45 270 0 DUBLIN L
550 45 315 0 DUBLIN L
551 90 90 0 DUBLIN L
552 90 180 0 DUBLIN L
553 90 270 0 DUBLIN L
5504 SO 380 0 DUBLIN L
555 90 450 0 DUBLIN L
558 90 : 540 0 : DUBLIN L
557 90 830 ·0 DUBLIN L
558 135 135 0 DUBLIN L
559 135 270 0 DUBLIN L
580 135 405 0 DUBLIN L
58t 135 540 0 DUBLIN L
582 135 875 0 DUBLIN L
583 135 810 0 DUBLIN L
584 135 945 0 DUBLIN L
585 180 180 0 DUBLIN L
588 180 360 0 DUBLIN L
587 180 540 0 DUBLIN L
588 180 720 0 DUBLIN L
569 180 900 0 DUBLIN L
570 180 10Bo 0 , DUBLIN L
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TABLE F·4 (cant.)

SAND SILT CLAY SOil SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOiL LOADING

% % % cmollka % DH RATE (ka/he)

533 20 5.5 0
534 20 5.5 0
535 20 5.5 0
536 20 5.5 0
537 . 20 5.5 0
538 20 5.5 0
539 ~ 20 5.5 0
540 20 5.5 0
541 20 5.5 0
542 20 5.5 0
543 20 5.5 0
544 20 7 20
545 20 7 40
548 20 7 80
547 20" 7 92
548 20 7 109
549 20 7 130
550 20 7 152
551 20 7 40
552 20 7 79

"553 20 7 119
554 20 7 183
555 20 7 218
558 : 20 : 7 259
557 20 7 302
155. 20 7 59
559 20 7 119
580 20 7 178
581 20 7 275
582 20 7 325
583 20 7 31.
584 20 7 4~

5e5 20 7 SI.
5,ee 20 1 11,1

581 20 1 2J7
sea 20 1 428
531 20 1 49"
570 20 1 571

F-30'1S



-
TABLE F·4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN % MEASURED

533 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
534 31 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
535 98 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
536 57 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
537 69 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
538 39 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
539 43 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
540 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
541 28 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
542 96 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
543 45 LEAF SLUDGE, FIELD MATURITY 0 , GRAIN
544 66 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
545 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN

. 546 52 LEAF, SLUDGE, FIELD, MATURITY 0 GRAIN
547 46 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
548 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
549 93 LEAF, SLUDGE, FIELD, MATURITY 0 , GRAIN
550 54 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
551 69 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
552 49 LEAF SLUDGE, FIELD,MATURITY 0 GRAIN
553 44 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
554 37 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
555 39 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
558 : 83 LEAF; SLUDGE, FIELD, MATURITY : 0 GRAIN
557 51 LEAF SLUDGE,· FIELD, MATURITY 0 GRAIN
558 73 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
559 59 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
560 61 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
581 39 LEAF SLUDGE, FIELD, MATURITY .0 GRAIN
582 37 LEAF SLUDGE, AELD, MATURITY 0 GRAIN
583 81 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
564 61 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
585 79 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
566 55 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
567 63 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
568 49 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
569 42 LEAF SLUDGE, FIELD, MATURITY 0 GRAIN
570 89 LEAF SLUDGE, FIELD MATURITY 0 GRAIN
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TABlE F-4 (oo,n,t.)

YI'ELD YI'ELD
REDUcnO'N COMPO,NIENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

533 NO
634 NO
635 NO
536 NO
637 NO
538 NO
539 NO
640 NO
641 NO
542 NO
643 NO
644 NO
545 NO
546 NO
647 NO
548 NO :

649 NO
650 NO
551 NO
652 NO
553 NO
554 NO
655 NO' : ;

658 : NO :

557 NO
558 NO
559 NO
560 NO
581 NO
582 NO
583 NO
564 NO
565 NO
568 NO
567 NO
688 NO
569 NO
570 NO
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TABLE F-4 (cant.1

LOCATION
OF

STUDY

533 BERKELEY, CALIFORNIA
534 BERKELEY, CALIFORNIA
535 BERKELEY, CALIFORNIA
538 BERKELEY, CALIFORNIA
537 BERKELEY, CALIFORNIA
538 BERKELEY, CALIFORNIA
539 BERKELEY, CALIFORNIA
540 BERKELEY. CALIFORNIA
541 BERKELEY. CALIFORNIA
542 BERKELEY. CALIFORNIA
543 BERKELEY. CALIFORNIA
544 BERKELEY. CALIFORNIA
545 BERKELEY. CALIFORNIA
548 BERKELEY. CM.IFORNIA
547 BERKELEY, CALIFORNIA
548 BERKELEY. CALIFORNIA
549 . BERKELEY. CALIFORNIA
550 BERKELEY. CALIFORNIA
551 BERKELEY. CALIFORNIA
552 BERKELEY. CALIFORNIA
553 BERKELEY. CALIFORNIA
554 BERKELEY. CALIFORNIA
555 BERKELEY. CALIFORNIA
568 BERKELEY. CALIFORNIA
557 BERKELEY. CALIFORNIA
668 BERKELEY. CALIFORNIA
559 BERKELEY. CALIFORNIA
680 BERKELEY. CALIFORNIA
581 BERKELEY. CALIFORNIA __
682 BERKELEY. CALIFORNIA
683 BERKELEY. CALIFORNIA
584 BERKELEY. CALIFORNIA
586 BERKELEY. CALIFORNIA
688 BERKELEY. CALIFORNIA
687 BERKELEY. CALIFORNIA
588 BERKELEY. CALIFORNIA
569 BERKELEY. CALIFORNIA
570 BERKELEY CALIFORNIA

F-309



\

TABiLE f.4 (OO,"lt.)

SLUDGE SLUDGE SWOGE SLUDGE
UTERATU'RE P'lANT SWOGE VOLSOUOS AI Ca Cd

CITAnON NAME CULnVAR pH % % % mo.lka

671 Vln•• J ••,t .... 1986. '245 Bllrlev MARIOUT 8
572 VI". J••! Ill•• 1985. '245 Belrlav MARIOUT 8
573 VlIITll•• J ••,t Ill•• 1985. '245 Bedav MARlOUT 8
674 V11111l11" J ••,t Ill•• 1985. '245 Bedav MARIOUT 8
575 VlIII'IlI•• J. et aI•• 1985. '245 Bedav MARIOUT 8
576 V1wni•• J. at .... 1985. '245 B.lrlev MARIOUT 8
677 VllllToi•• J••,t Ill•• 1985. '245 Barlev MARIOUT 8
678 V11111l1•• J .•,t Ill •• 1986. '245 Blrlev MARIOUT 8
679 R8IlD8Port. B.D••t Ill•• 1987. ',97 Corn Pioneer 3192
580 RIODlOort. B.D••t Ill.. 1987. ',97 Corn Pioneer 3192
681 RIO'Pepo,rt, B.D••tlll.. ,987.',97 Corn Pioneer 3192
582 R8IlDllPort. B.D••t Ill •• 1987. ',97 Corn Pioneer 3192
683 RIODIOOrt. B.D••tel.. 1987.1197 Corn Pionl.r 3192
684 RIlPDllPort. B.D••t aI •• 1987.1197 Corn Pione., 3192
585 ReDDaoort. B.D••t .... 1987. 1197 Corn Pione.r 3192
588 ReDlOort, B.D••t .... 1987. 1197 Corn Pion..r 3192
587 RIIIlPlOort. B.D••t .... 1987. 1197 Corn Pione.r 3192
588 Reoollllort. B.D••t Ill., 1987.1197 Corn Plone.r 3192
58e RlIDDeDOrt, B.D••tlll •• 1987.1197 Com Ploneer 3192
590 RIIDDIOOrt, B.D••t Ill. 1987. 1197 Corn Plone.r 3192
591 RlIODlIOOrt. B.D••t Ill•• 1987. 1197 Corn Plone.,r 3192
592 RIIDDlIPort. B.D••t .... 1987. 1197 Corn ' Pione.r 3192
593 RlIIIolOOrt. B.D••t Ill•• 1987. 1197 Corn . Plon..,r 3192

: 594 RlPOeDOrt, B.D••t Ill •• 1987. ',97 :Corn Plone.r 3192 :

595 RlIODIIPOrt, B.D. It Ill •• 1987.1197 Corn Plone.r 3192
598 RIDDlIOort. B.D••t Ill•• 1987. 1197 Corn Ploneer 3192
597 BIDWELL AND DOWDY. 1987 CORN 139
598 BIDWELL AND DOWDY. 1987 CORN 139
599 BIDWELL AND DOWDY. 1987 CORN 139
800 BIDWELL AND DOWDY. 1987 CORN 139
601 BIDWELL AND DOWDY. 1987 CORN 139
602 BIDWELL AND DOWDY. 1987 CORN 139
603 BIDWEll AND DOWDY. 1987 CORN 139
604 BIDWELL AND DOWDY. 1987 CORN 139
605 BIDWELL AND DOWDY. 1987 CORN 139
608 BIDWELL AND DOWDY. 1987 CORN 139
607 BIDWELL AND DOWDY. 1987 CORN 139
608 BIDWELL AND DOWDY 1987 CORN 139
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TABLE F·4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka mgJkg % % mglka mgJka maJkg mgJkg CONTNT PROCESSING

571 40 180 1.2 1.1 40 0,4 250 440 1 COMPOSTED
572 ' 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
573 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
574 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
575 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
576 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
577 40 180 1.2 1.1 40 0.4 250 440 1 COMPOSTED
578 40 ., 180 1.2 1.1 40 0.4 250 440 1 CciMPOSTED
579
580 :

581 I

582
583
584 ..
585
586 , ;

587
588
589
590
591
592
593
594 : :

595
598
597 1987
598 1987
599 1987
eoo 1987
801 1987
802 1987
803 1987
804 1987
805 1987
806 1987
607 1987
608 1987
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TABlE F-4 (cent.)

SLUDGE ANiN'LSLUDGE CUMML SLUDGE YEARS SOIL salt
CHEMICAL LOADN'G RATE LOADN'G RATE SINCE LAST TAXONOMIC SERIES Salt

STABlLlZATN MaJha MaJha APPl.ICATN NAME NAME TEXTURE

571 180 1260 0 DUBUN L
572 225 225 0 DUBLIN L
573 225 450 0 DUBUN L
574 225 675 0 DUBUN L
575 225 900 0 DUBLIN L
576 225 1125 0 DUBLIN L
577 225 1350 0 DUBLIN L
578 225 1575 0 DUBLIN L
679 Typic Ha'llludult Boiac loamv.and
580 Typic HlIClludult Bolac loamv.a,nd
581 Typic HltIlludult Boiac loamv.a,nd
582 Typic HlIClludult Boiac loamv.and
583 Typic HDIlIudult Baiac loamy.and
584 . Typic HlIOIudult Bajac loamVllnd
685 Rhodic PaI.udult Davidaon claYI,ollm
58lS Rhodic Pal.,udult David.on clay loam
687 Rhodia PaI.udult David.on clavloam
588 Rhodia PaI.udult DavId.on clavloam
689 Rhodic Plfeudult David.on clavloam
590 Rhodic PaI,eudult Davldaon clay loam
691 TYPic HIP udult Gro.eclo.a Ii'lt loam
592 ; Typ'c Hap udtilt Grollclo.a .i1tloam
593 Tva cHIIIl udult Gr~eclo.a ; .i1tloam
694 : Tva cHIP udult : Gro.eclo.e lilt loam
695 Tva ,a HMI/'udult Gr~aclo.e .i1tloem
59lS Tva c HllPludult Grolleclo.. lilt loam
587 0 1 TYIl c Hap/udolll Waukegan .i'ltloem
598 80 1 TYDic HllDludoli Waukagen .i1tloem
599 120 1 Typic HaP/udoll WaukaGan .i1t loam
800 180 1 Typic Hap/udoll Waukegan .ilt loam
801 0 2 Twic HIO udoll Waukegan .i1t/oem
802 80 2 Typic Hap udoll WaukeGan .i1tloem
803 120 2 Twic Ha'D udoll Waukegan .i1t loem
804 180 2 Typic Hep udolll WaukeGan .ilt loam
805 0 3 Typic He,p udoll Wau'kegan .iltloem
806 " 60 3 Typic HePiudoll Waukegan .i1tloem
607 120 3 Typic Hapludol'l Waukegan .i,ltloam
608 180 3 Typic Hapludoll Waukeoan .iltloem
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TABLE F-4 (cont.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmolJka % oH RATE lkalha)

571 20 7 664
572 20 7 119
573 20 7 238
574 20 " 7 356
575 20 7 518
576 20 7 602
577 20 7 706
578 20 7 815
579 " 64 27.8 8.2 5.4 6.1 0
580 64 27.8 8.2 5.4 6.2 125
581 64 27.1 8.2 5.4 6.1 248
582 64 27.8 8.2 5.4 5.8 372
583 64 27.8 8.2 5.4 6 496
584 64 27.8 8.2 06.4 6 620
585 15.3 47.1 37.6 12.5 5.7 0
588 15.3 47.1 37.6 i 12.5 I 6 125
587 15.3 47.1 37.6 12.5 5.8 248
588 15.3 47.1 37.6 12.5 5.9 372
589 15.3 47.1 37.6 12.5 5.9 496
590 15.3 47.1 37.6 12.5 5.9 620
591 20.7 59.3 20 9.3 5.7 0
592 20.7 &9.3 20 9.3 6 125
593 20.7 59.3 20 ~ 9.3 ': 5.9 248
594 20.7 59.3 20 : 9.3 : 5.9 372
595 20.7 59.3 20 9.3 5.9 496
596 20.7 59.3 20 9.3 5.9 620
597 6.2 0
598 6.2 106
599 6.2 219
eoo 6.2 348
801 6.2 0
802 6.2 106
803 6.2 219
804 ,6.2 348
805 6.2 0
608 6.2 , 106
607 6.2 219
608 6.2 348
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TABLE ~4 (can,t.)

SOlt Zn PLANTZn PLANT VIEI.D YIELD
SOIIL CONCENTRTN CONCENTRTN TISSUE DESCR!(IPTION OF REDUCTION COMPON'ENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL O,ESIGN % MEASURED

571 68 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
572 84 LEAF SLUDGE. FI,ELD. MATURITY 0 GRAIN
573 58 LEAF SLUDGE. FIIELD. MATURITY 0 GRAIIN
574 66 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
575 51 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
576 46 LEAF SLUDGE. FI,ELD. MATURITY 0 GRAIN
577 88 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
578 77 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
579 66 Ear Leaf SLUDGE, FIELD. MATURITY 0 GRAIN
580 69 EI,r Llaf SLUDGE, FIELD. MATURITY 0 GRAIN
581 68 Eer Lelf SLUDGE, FIELD. MATURITY 0 GRAIN
582 58 Eer Lelf SLUDGE. FIELD. MATURITY 0 GRAIN
583 60 Ear Laaf SLUDGE. FIELD. MATURITY 0 GRAIN
584 71 Elr Leaf SLUDGE. FIELD. MATURITY 0 GRAIN
585 21 Elr Lelf SLUDGE. FIELD. MATURITY 0 GRAIN
586 21 Ear Lelf SLUDGE. FIELD. MATURITY 0 GRAIN
687 25 Eer Leef SLUDGE. FIELD. MATURITY 0 GRAIN
588 26 Ear Leef SLUDGE. FIELD. MATURITY 0 GRAIN
689 28 Eer Leef SLUDGE. FIELD. MATURITY 0 GRAIN
690 27 Eer Leaf SLUDGE. FIELD. MATURITY 0 GRAIN
591 22 Ea,r Le·ef SLUDGE. FIELD. MATURITY 0 GRAIN
592 28 Eer Le.f SLUDGE. FIEI.D. MATURITY 0 GRAIN
593 39 Eer Le.f SLUDGE. FIEI.D. MATURITY 0 GRAIN

: 694 40 :Eer Le.f SLUDGE. FIEI.D. MATURITY 0 , GRAIN
595 48 Eer Leef SLUDGE. FIELD. MATURITY 0 GRAIN
596 45 Ee,r Le.f SLUDGE. FIELD. MATURITY 0 GRAIN
697 20 Stover SLUDGE. FIEI.D. MATURITY 0 STOVER
698 89 Stover SLUDGE. FIELD. MATURITY 0 STOVER
599 101 Stovlr SLUDGE. FlEI.D. MATURITY 0 STOVER
600 140 Stover SLUD'GE. FIEI.D. MATURITY 0 STOVER
601 32 Stover SLUDGE. FIELD. MATURITY 0 STOVER
602 73 Stover SLUDGE. FIEI.D. MATURITY 0 STOVER
603 119 Stover SLUDGE. FIEI.D. MATURITY 0 STOVER
604 153 Stover SLUDGE. FIEI.D. MATURITY 0 STOVER
605 19 Stover SLUDGE. FIELD. MATURITY 0 STOVER
608 67 Stover SLUDGE. FIELD. MATURITY 0 STOVER
607 87 Stover SLUDGE. FIELD. MATURITY 0 STOVER
608 121 Stover SLUDGE FIELD. MATURITY 0 STOVER
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TABLE i=·4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

571 NO
572 NO
573 NO
574 NO
575 NO
578 NO
577 NO
578 NO
579 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
580 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
581 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
582 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
583 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
584 .. 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRmEN STATEMENT
585 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRmEN STATEMENT
588 0 STOVER NO YIELD·REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
587 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
588 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
589 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRmEN STATEMENT
590 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S .WRlnEN STATEMENT
591 0 STOVER NO YIELD. REDUCTION RESULTS INFERRED FROM AUTHOR'SWRlnEN STATEMENT
592 0 STOVER NO YIELD REDUcnON RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
593 0 STOVER NO YIELD REDUCTION RESUt:fS INFERRED FROM AUTHOR'S WRmEN STATEMENT
594 0 STOVER: NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
595 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
598 0 STOVER NO YIELD REDUCTION RESULTS INFERRED FROM AUTHOR'S WRlnEN STATEMENT
597 0 GRAiN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
598 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
599 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH MET.4.LS BY AUTHORS
eoo .0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
801 0 GRAIN NO GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
802 43" GRAIN "NO "GRAIN YIELD REDUCTiON FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
803 28" GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATEDWITH METALS BY AUTHORS
804 24" GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
805 0 GRAIN· NO
1308 22" GRAIN "NO "GRAIN YIELD REDUCTiON FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
807 5" GRAIN "NO "GRAIN YIELD REDUCTION FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
608 8" GRAIN "NO "GRAIN YIELD REDUCTiON FOUND NOT TO BE ASSOCIATED WITH METALS BY AUTHORS
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TABlE f.4 (oo,nU

LOCATIO'N
OF

STUDY

571 BERKELEY. CAUFO'RNIA
572 BERKELEY. CALIFORNIA
673 B'ERKELEY, CALIFORNIIA
674 BERKELEY. CALlFO'RNIA
576 BERKELEY. CALIFORNIA
576 BERKELEY. CALIFORNIA
577 BERKELEY. CALIFORNIA
678 BERKELEY. CALIFORNIA
679 COASTAL PLAIN VIRGIINIA
690 COASTAL PLAIN VIRGINIA
681 COASTAL PLAIN VIRGINIA
582 COASTAL PLAIN VI,RGINIA
583 COASTAL PLAIN VIRGINIA
584 COASTAL PLAIN VIRGINIA
685 PlEDMO'NT VI,RGINIA
58lS PlEDMO'NT VIRGINIA
587 PIEDMONT VIRGINIA
588 PlEDMO'NT VIRGINIA
589 PlEDMO'NT VIRGINIA
590 PIEDMONT VIRGINIA
591 FOOTHILLS VIRGINIA
692 FOOTHILLS VIRGIN,IA
693 FOOTHILLS VIRGIN,IA
684 FOOTHILLS VI,RGINIA
696 FOOTHILLS VIRGINIA
698 FOOTHILLS VIRGINIA
697 MINNESOTA
698 MINNESOTA
599 MINNESOTA
eoo MINNESOTA
801 MINNESOTA
802 MINNESOTA
803 MINNESOTA
804 MINNESOTA
605 MINNESOTA
606 MINNESOTA
607 MINNESOTA
608 MINNESOTA
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TABLE F-4 (cont.l

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATiON NAME CULTIVAR pH % % % mg/kg
...

609 BIDWELL AND DOWDY, 1987 CORN 139
610 BIDWEll. AND DOWDY, 1987 CORN 139
611 BIDWEll. ANiD DOWDY, 1987 CORN 139
612 . BIDWEll. AND DOWDY, 1987 CORN 139
613 BIDWELL AND DOWDY, 1987 CORN' 139
614 BIDWELL AND DOWDY, 1987 CORN 139
615 BIDWELL AND DOWDY, 1987 CORN 139
616 BIDWELL AND DOWDY, 1987 CORN 139
617 BIDWELL AND DOWDY, 1987 Corn
618 BIDWELL AND DOWDY, 1987 Corn

;

en9 BIDWELL AND DOWDY, 1987 Corn
620 BIDWELL AND DOWDY, 1987 Corn
621 RAPPAPORT ET AL 1987 Corn
622 RAPPAPORT ET AL 1987 Corn
623 RAPPAPORT ET AL 1987 Corn
624 CHANG ET AL 1983 I BARLEY ! i 72 53I

625 CHANG ET AL 1983 BARLEY 72 53
626 CHANG ET AL 1983 BARLEY 72 53
Cl27 CHANG ET AL 1983 BARLEY 72 53
828 CHANG ET AL 1983 BARLEY 72 53
Cl29 CHANG ET AL 1983 BARLEY 72 53
830 CHANG ET AL 1983 BARLEY 72 53
Cl31 CHANG ET AL 1983 BARLEY 72 53
Cl32 : CHANG ET AL 1983 BARLEY : ; 72 53
Cl33 CHANG ET AL 1983 BARLEY 72 53
Cl34 CHANG ET Al 1983 BARLEY 72 53
835 CHANG ET AL 1983 BARLEY 72 53
838 CHANG ET AL 1983 BARLEY 72 53
Cl37 CHANG ET AL 1983 BARLEY 72 53
Cl38 CHANG ET AL 1983 BARLEY 72 53
639 CHANG ET AL 1983 BARLEY 72 53
840 CHANG ET AL 1983 BARLEY 72 53
841 CHANG ET AL 1983 BARLEY 72 53
842 CHANG ET AL 1983 BARLEY 72 53
643 CHANG ET AL 1983 BARLEY 72 53
644 CHANG ET AL 1983 BARLEY 72 53
645 CHANG ET AL 1983 BARLEY 72 53
646 CHANG ET AL 1983 BARLEY 72 53
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TABlE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUD-GE SLUDGe SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Nil P Ph Zn SOUDS BIOLOGICAL

moJko moJka % % maJko maiko molko maJko CONTNT PROCESSING

609 1987
610 1987
611 1987
612 1987
613 1987
614 1987
615 1987
616 1987
617 Control
618 Vear 1. Vearl 2 and 3
619 Vellr 1. Vearl 2 and 3
620 - Vear 1. Vearl 2 Ind 3
621
622
823 .
624 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLV DIG. COMPOSTED
625 1437 898 0.5 373 0.8 1153 3548 60 AERO'BICALLV mG. COMPOSTED
828 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
827 1437 898 0.5 373 0.8 1153 3548 eo AEROBICALLV DIG. COMPOSTED
828 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLV DIG. COMPOSTED
829 1437 898 0.5 373 0.8 1153 3548 60 AEROEUCALLV DIG. COMPOSTED
830 1437 898 0.5 373 0.8 1153 3548 80 AEROBICALLV DIG. COMPOSTED
631 1437 898 0.5 373 0.8 1153 3548 60 AEROEUCALLY DIG. COMPOSTED
832 1437 898 ; 0.5 373 0.8 1153 3548 ,60 AEROBICALLY DIG. COMPOSTED
833 1437 898 0.5 373 0.8 1153 3548 80 AERO'BICALLY DIG. COMPOSTED
834 1437 898 0.5 373 0.8 1153 3548 80 AEROBICALLV DIG. COMPOSTED
835 1437 898 0.5 373 0.8 1153 3548 80 AEROEUCALLY DIG. COMPOSTED
838 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
837 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
838 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
839 1437 898 0.5 373 0.8 1153 3548 60 AERO'BICALLY D'I'G. COMPOSTED
840 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
841 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
642 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
843 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALlV DIG. COMPOSTED
844 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
645 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
646 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
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TABLE F-4Icont.1

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Mglha Mg/ha APPLICATN NAME NAME TEXTURE

609 0 4 Typic HaPludoll Waukegan silt loam
610 60 4 Typic Hapludoll Waukegan silt loam
611 120 4 Typic Hapludoll Waukegan silt loam
612 180 4 Typic Haoludoll Waukegan silt loam
613 0 5 Typic Hapludoll Waukegan silt loam
614 60 5 Typic Hspludoll Waukegan silt loam
615 120 5 Typic HePludoll Waukegan silt loam
616 180 5 Typic Haoludoll Waukegan silt loem
617 0 0 6 Typic HaPludoll Waukegan silt loam
618 30,15 60 6 Typic Haplu4011 Waukegan silt loam
619 60,30 120 6 Typic Hapludoll Waukegan silt loam
620 90,45 180 6 Typic HaPludol1 Waukegan ailt loam
621 0 Typic Ochraqualfs Acredale silt loam
622 42 Typic OchrllQualfa Acredale ailtloam
623 84 Typic OchraqUalfs Acredale silt loam
624 0 0 0 . XEROLLIC CALCIPTHID DOMINO LOAM
825 22.5 22.5 "0 XEROLLIC CALCIOTHID DOMINO LOAM
626 45 45 0 XEROLLIC CALCIOTHID DOMINO LOAM
627 90 90 0 XEROLLIC CALCIOTHID DOMINO LOAM
628 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
629 22.5 45 0 XEROLLIC CALCIOTHID DOMINO LOAM
630 45 90 0 XEROLLIC CALCIOTHID DOMINO LOAM
631 90 180 0 XEROWC CALCIOTHID DOMINO LOAM
632 0 : 0 0 XEROLLIC CALCI'OTHID : DOMINO LOAM
633 22.5 68 0 XEROLLIC CALCIOTHID DOMINO LOAM
634 45 135 0 XEROLLIC CALCIOTHID DOMINO LOAM
835 90 271 0 XEROLLIC CALCIOTHID DOMINO LOAM
638 0 0 0 XEROWC CALCIOTHID DOMINO LOAM
637 22.5 90 0 XEROLLIC CALCIOTHID DOMINO LOAM
638 45 180 0 XEROLLIC CALCIOTHID DOMINO LOAM
639 90 361 0 XEROLLIC CALCIOTHID DOMINO LOAM
640 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
641 22.5 113 0 XEROLLIC CALCIOTHID DOMINO LOAM
642 45 226 0 XEROLLIC CALCIOTHID DOMINO LOAM
843 90 451 0 XEROLLIC CALCIOTHID DOMINO LOAM
644 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
645 22.5 135 0 XEROWC CALCIOTHID DOMINO LOAM
646 45 271 0 XEROLLIC CALCIOTHID DOMINO LOAM
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TABlE F·4 (oo,nt.)

SANO SltT CtAY salt SO'IIL CUMM Zn
CONTENT CQ'NTENT CONTENT CEC oc SOIL LOAD'iNG.'" % % cmolJka % pH RATE (kolhel

809 6.2 0
610 6.2 106
611 6.2 219
612 6.2 348
613 6.2 0
614 6.2 106
615 6.2 219
616 6.2 348
817 8.2 0
1518 6.2 106
819 6.2 219
820 6.2 348
821 37.8 52.3 9.9 6.9 8.8 0
822 37.8 52.:! 9.9 8.9 8.8 124
823 37.8 62.3 9.9 lr.9 8.8 248
824 40 7.5 0
825 40 7.4 80
828 40 7.4 180
627 40 7.2 320
828 40 7.1 0
829 40 7 180
830 40 7.1 320
831 40 7.1 840
832 40

,
7.3 0: :

833 40 7.2 240
834 40 7.1 480
835 40 7.1 980
838 40 7.1 0
837 40 7 320
838 40 &.9 840
839 40 8.8 1280
840 40 7.2 0
841 40 8.9 400
842 40 6.8 800
843 40 8.6 1800
844 40 7 0
845 40 16.9 480
848 40 6.6 960
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TABLE F·4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESIGN % MEASURED
,

609 31 Stover SLUDGE, FIELD. MATURITY 0 STOVER
610 88 Stover SLUDGE. FIELD. MATURITY 0 STOVER
611 105 Stover SLUDGE, FIELD. MATURITY 0 STOVER
612 107 Stover SLUDGE. FIELD. MATURITY 0 STOVER
613 26 Stover SLUDGE. FIELD. MATURITY 0 STOVER
614 '12 Stover SLUDGE, FIELD. MATURITY 0 STOVER
615 114 Stover SLUDGE. FIELD. MATURITY 0 STOVER
616 154 Stover SLUDGE. FIELD. MATURITY 0 STOVER
617 18.5 Stover SLUDGE. FIELD. MATURITY 0 Stover
618 66.6 Stover SLUDGE. FIELD. MATURITY 0 Stover
619 75.8 Stover SLUDGE, FIELD. MATURITY 0 Stover
620 105 Stovltr SLUDGE. FIELD. MATURITY 0 Stover
621 0.2 14 Earleaf SLUDGE, FIELD. MATURITY 0 Stover
622 27 Earleaf. SLUDGE. FIELD. MATURITY 0 Stovar
623 25 31 Earleaf. SLUDGE, FIELD. MATURITY 0 .. Stover
624 4 N HN03 20 LEAF; SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
825 4N HN03 24 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
828 4 N HN03 29 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
827 4 N HN03 30 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
828 4 N HN03 14 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
829 4 N HN03 20 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
830 4 N HN03 23 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
831 4N HN03 30 LEAF .; SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
832 4N HN03 18 : LEAF SLUDGE. FIELD. MATURITY 0: TOTAL BIOMASS
833 4 N HN03 17 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
834 4N HN03 20 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
835 4 N HN03 43 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
838 4 N HN03 23 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
837 4N HN03 29 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
838 4 N HN03 28 LEAF SLUDGE. FIELD. MATURITY ·0 TOTAL BIOMASS
839 4 N HN03 51 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
840 4 N HN03 21 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
841 4 N HN03 26 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
842 4N HN03 32 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
843 4 N HN03 34 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
844 4 N HN03 21 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
645 4 N HN03 26 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BiOMASS
646 4 N HN03 30 LEAF SLUDGE. FIELD MATURITY 0 TOTAL BIOMASS
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TABtE 1=-4 (oont.)

YIIELO. YIELD
REDUCTIO'N COMPON,ENT METAL

"" MEASURED PHYTOTOXICITY COMMENTS

609 0 GRAIIN NO
610 0 GRAIIN NO
611 0 GRAIIN NO
612 0 GRAIIN NO
613 0 GRAIIN NO
614 0 GRAIN NO
615 0 GRAIIN NO
616 0 GRAIIN NO
617 0 GRAI'N NO
618 0 GRAIN NO
619 0 GRAIN NO
620 0 GRAI~ NO
621 NO
622 NO
623 NO
624 NO'
625 NO
626 NO
627 NO
628 NO
629 NO
630 NO
631 NO
632 NO :

633 NO
634 NO
635 NO
638 NO
637 NO
638 NO
639 NO
&40 NO
e41 NO
642 NO
6<13 NO
644 NO
645 NO
646 NO
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TABLE F·4 (cont.)

LOCATION
OF

STUDY

609 MINNESOTA
610 MINNESOTA
611 MINNESOTA
612 MINNESOTA
613 MINNESOTA
614 MINNESOTA
615 MINNESOTA
618 MINNESOTA
617 MINNESOTA
618 MINNESOTA
819 MINNESOTA
620 MINNEso·rA
621 Atlantic Coatal Plain
822 Atlantic Coa.ta1 Plain
623 Atlantic Coa'tal Plain
624 Rivel1llde, California
825 River.lde, California
826 Rlvel1lide, California
827 Rlvel1llde, California
628 River.ida, California
629 Rlverlida, California
630 Rivel1llde, California
631 Rivel1llda, California
632 Rivel1llde, California:
633 Rlvel1llda, California
634 Rivel1lida, California
835 Rivarllda, California
638 Rlverllde, California
637 Rivar.lde, California
638 River.ida, California
639 Rlver.lda, California
640 River.lde, California
641 Riverside, California
642 River,lde, California
843 River.lde, California
844 Rivar.ide, California
845 Riverside, California
646 River,lde, California
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TABLE F-4 {,con"'!

SLUDGE SLUD'GE SLUDGE SLUOGE
LITERATURE PLANT SLUDGE VOlSOUDS AI CIII Cd

CITATION NAME CULTIVAR pH % % % maika

647 CHANG ET AL 1983 BARLEY 72 53
648 CHANG ET AL 1983 BARLEY 72 53
849 CHANG ET AL 1983 BARLEY 72 53
650 CHANG ET AL 1983 BARLEY 72 53
651 CHANG ET AL 1983 BARLEY 72 53
852 CHANG ET AL 1983 BARLEY 72 53
653 CHAN'G ET AL 1983 BARLEY 72 53
654 CHAN'G ET AL 1983 BARLEY 72 53
655 CHANG ET AL 1983 BARLEY 72 53
656 CHANG ET AL 1983 BARLEY 72 53
657 CHANG ET AL 1983 BARLEY 72 53
658 CHANG ET AL 1983 BARLEY 72 53
e59 CHANG ET AL 1983 BARLEY 72 53
660 CHANG ET AL 1983 BARLEY 72 53
661 CHANG ET AL 1983 BARLEY 72 53
6152 CHANG ET Al 1983 BARLEY 72 53
6153 CHANG ET AL 1983 BARLEY 72 53
664 CHANG ET AL 1983 BARLEY 72 53
G65 CHANG ET AL 1983 BARLEY 72 53
866 CHANG ET AL 1983 BARLEY 72 53
1587 CHANG ET AL 1983 BARLEY 72 53
668 CHANG ET AL 1983 BARLEY 72 53
669 CHANG ET AL 1983 BARLEY 72 53
870 CHANG ET AL 1983 BARLEY : 72 53
671 CHANG ET AL 1983 BARLEY 72 53

1572 CHANG ET AL 1983 BARLEY 75 1215
573 CHANG ET AL 1983 BARLEY 75 128
874 CHANG ET AL 1983 BARLEY 75 128
875 CHANG ET AL 1983 BARLEY 75 126

878 CHANG ET AL 1983 BARLEY 75 128

677 CHANG ET AL 1983 BARLEY 75 128

378 CHANG ET AL 1983 BARLEY 75 128

679 CHANG ET AL 1983 BARLEY 75 128

680 CHANG ET AL 1983 BARLEY 75 128

&81 CHANG ET AL 1983 BARLEY 75 126

682 CHANG ET AL 1983 BARLEY 75 126

683 CHANG ET AL 1983 BARLEY 75 126

684 CHANG ET AL 1983 BARLEY 75 126
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TABLE Fc4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko malka % % maiko maiko malka maiko CONTNT PROCESSING
,

647 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
648 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
649 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
650 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
651 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG.. COMPOSTED
652 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
653 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
654 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
655 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
656 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
657 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
658 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
659 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
860 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
861 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
862 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
883 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
884 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
885 1437 896 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
888 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
867 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
888 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
869 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY DIG. COMPOSTED
870 1437 : 898 0.5 373 0.8 1153 : 3548 60 AEROBICALLY DIG. COMPOSTED ,
871 1437 898 0.5 373 0.8 1153 3548 60 AEROBICALLY D:IG. COMPOSTED
872 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
873 2092 1600 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED
874 2092 1600 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED
875 2092 1600 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED
678 2092 1800 8.5 592 1.5 781 4285 2.1 ANAEi'tOBICALlY DIGESTED
877 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
878 2092 1600 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED
879 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
880 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
881 2092 1600 8.5 592 1.5 781 4285 2.1 ANAEROBICALLY DIGESTED
682 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
683 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
684 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
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TABlE Fo4 (oont.)

SLUOGE ANNLSLUDGE CUMMil SLUDGE YEARS smL SOIIL
CH'EMCAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERI,ES smL

STABIUZATN Malhi MaJha APPUCATN NAME NAME TEXTURE

847 90 541 0 XEROLUC CALCIOTHiID DOMINO LOAM
648 0 0 0 TYPIC HALOXERALF GREENIFIIELD SAN,DYLOAM
849 22.5 . 22.5 0 TYPIC HALOXERALF GREENIFIELD SANDY LOAM
650 45 45 0 TYPIC HALOXERALF GREENFliELD SANDY LOAM
651 9,0 90 0 TYPIC HALOXERALF GREENIFIELD SANDY LOAM
852 0 0 0 TYPIC HALOXERALF GREENFIELD SAN'DYLOAM
853 22.5 45 0 TYPIC HALOXERALF GREEN'FIELD SANDY LOAM .
854 45 90 0 TYPIC HALOXERALF GREEN'FIELD SANDY LOAM
655 90 180 0 TYPIC HALOXERALF GREENFI'ELD SANDY LOAM
856 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
657 22.5 68 0 TYPIC HALOXERALF GREEN'FIELD SANDY LOAM
658 45 135 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
659 90 271 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
6ElO 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
861 22.5 90 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
662 45 180 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
683 9'0 361 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
884 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
885 22.5 113 0 TYPIC HALOXERALF GREEN'FlELD SANDY LOAM
666 45 226 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
687 90 451 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
668 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
689 22.5 135 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
670 : 45 271 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
671 90 541 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
672 0 0 0 XEROWC CALCIOTHID DOMINO LOAM
673 18 16 0 XEROWC CALCIOTHID DOMINO LOAM
874 30 30 0 XEROlllC CALCIOTHID DOMINO LOAM
675 60 60 0 XEROlllC CALCIOTHI,D DOMINO LOAM
676 0 0 0 XEROLUC CALCIOTHID DOMINO LOAM
677 18 32 0 XEROWC CALCIOTHID DOMINO LOAM
678 30 61 0 XEROLlIC CALCIOTHID DOMINO LOAM
679 60 120 0 XEROlllC CALCIOTHID DOMINO LOAM
680 0 0 0 XEROlllC CALCIOTHID DOMINO LOAM
681 16 47 0 XEROLlIC CALCIOTHID DOMINO LOAM
682 30 92 0 XEROlllC CALCIOTHID DOMINO LOAM
683 60 180 0 XEROlllC CALCIOTHID DOMINO LOAM
684 0 0 0 XEROlllC CALCIOTHID DOMINO LOAM
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TABLE F·4 (cont.)

SAND SILT CLAY SOIL SOIL CUMM Zn,
CONTENT CONTENT CONTENT CEC OC SOIL LOADING, % % % cniol/1(g % pH RATE (kalhll)

647 40 6.4 1920
648 18 8.3 0
649 18 8.5 80
650 16 8.8 180
651 18 6.7 320
6.52 16 8.3 0
8.53

,
16 6.5 180, I

854
, 16 8.5 320

855 18 8.5 840
856 18 8.8 0
857 16 7 240
658 16 8.9 480
659 18 6.9 980
680 , .. HI 6.7 0
861 \ 18 8.8 320
662 18 6.7 640
863 18 6.7 1280
664 16 8.9 0
685 18 6.7 400
866 16 6.8 800.
667 18 6.7 1800
668 HI 7 0
6t9 16 8.7 480
670 : 16 : 6.6 980
671 18 6.3 1920
672 40 7.2 0
673 40 6.7 88
874 40 8 130
675 40 5.7 252
678 40 7.5 0
677 . 40 8.6 135
678 40 5.9 261
679 40 5.7 504
880 40 7.2 0
681 40 6.4 203
882 40 8 391
883 ! 40' 8.1 758
684 t i 40 7.1 0
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TABLE F·4 (cont.)

SOIL Zn PLANTZn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT ma/ka ma/ka SAMPLED EXPERIMENTAL DESIGN % MEASURED

647 4N HNoa 41 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
·648 4N HN03 18 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS

649 4NHNoa 19 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
650 4N HN03 20 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
651 4N HN03 28 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
652 4N HN03 13 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
653 4N HN03 22 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
654 4NHN03 23 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
655 4NHN03 25 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
656 4N HN03 25 LEAF SLUDGE. FI'ELD. MATURITY 0 TOTAL BIOMASS
667 4N HN03 23 . LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS •
658 4N HiN03 33 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
669 4N HN03 37 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
680 4N IiN03 21 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
661 4NHN03 32 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
662 4N HiN03 33 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
663 4N HN03 39 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BI'OMASS
664 4N HN03 18 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
665 4NHN03 32 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
666 4NHN03 33 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
661 4N HiN03 39 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
688 4N HiN03 22 LEAF SLUDGE. FI'ELD. MATURITY 0 TOTAL BIOMASS
8lS9 4N H,N03 47 LEAF SLUDGE. FIELD. MATURITY a TOTAL BIOMASS
670 4N HiN03 68: LEAF SLUDGE. FIELD. MATURITY ,0 TOTAL BIOMASS
671 4NHN03 67 LEAF SLUDGE. FIIELD. MATURITY a TOTAL BIOMASS
672 4N HiNoa 17 LEAF SLUDGE. FIIELD. MATU'RITY 0 TOTAL BIOMASS
673 4N HiN03 29 LEAF SLUDGE. FlIELD. MATUIRITY 0 TOTAL BIOMASS
674 4N HiN03 32 LEAF SLUDGE FI'ELD. MATUIRITY 0 TOTAL BIOMASS
676 4N HiN03 49 LEAF SLUDGE, FlIELD. MATU'RITY 0 TOTAL BIOMASS
67lS 4N HiNoa 1. LEAF SLUDGE FlIELD. MATU'RITY 0 TOTAL BIOMASS
677 4NHN03 42 LEAF SLUDGE, FI:ELD MATU'RlTV 0 TOTAL BI'OMASS
678 4N HiN'03 29 LEAF SLUDGE, FliELD. MATUIRlTV 0 TOTAL BI'OMASS
67. 4N HiN03 36 LEAF SLUDGE FlIELD. MATUIRITY 0 TOTAL BI'OMASS
6110 4NHN'03 16 LEAF SLUDGE. FlIELD. MATU'RlTV 0 TOTAL B4,OMASS
811 4N HiN'03 25 LEAF SLUDG,E, FlIELD MATUIR:ITY 0 TOTAL BI'OMASS
812 4N HiN03 34 LEAF SW'DGE. FIElD. MATUIRITY 0 TOTAL B1IQ'MASS
813 4N HiNoa 41 LEAF SLUDGE, RELD. MATURlTV 0 TOTAL BI'OMASS
814 4NHiN03 20 LEAF SLUDGE. RELD. MATU'RlTV 0 TOTAL BI'OMASS
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TABLE F·4 (cont.1

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

.
647 NO
QS48 NO
649 NO
650 NO
651 NO
652 .: NO
653 NO
654 NO
855 NO
056 NO
657 NO
658 NO
659 NO
860 NO
661 NO
362 NO
963 NO
664 NO
665 NO
6S6 NO
667 NO
8S8 NO
869 NO
670 NO :

1171 NO
1172 NO
1173 NO
1174 NO
1575 NO
676 NO
1177 ~ NO
878 NO
679 NO
S80 NO
881 NO
682 NO
683 NO ,
684 NO ,
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TABLE F-4 Icont.)

LOCATION
OF

STUDY

647 Riverside, California
648 Riverside, Celifornia
649 R.iverside, California
650 River.ide, California
651 Riveraide, California
652. RiVll,ralde, CalUornla
653 Rivaraida, Celifornla
654 RiVllr.lda, Cal,ifo'rnla
655 Rivaralde, Celifo,rnil
656 Riveralde, Califo,rnla
657 Rlve,ralde, ClIIifornia
658 Rlve,ralde, Celifornla
659 Riveralde, Californll
660 Rlveralde, Cellfornla
661 Rlve,ralde, Clillfornll
662 Rlve,ralde, Cllifornil
663 Rlveralde. CeI,iforni.
664 Rlve,rald,e. Callfornl.
665 Riv.,raldl. ClII,lforni.
666 Riv.,rald•• ClIIlfornl.•
667 Rlver.,Id•• Callfornll
668 Rlv.,rald•• Californll
669 Riv.rsId•• California
670 Riveraid•• CaIi·forni. :
671 Rlversld•• California
672 Rlverald•• Cellform
673 Rive·rl>id•• Californll
674 Rlverl>ide. CaIlforn/a
675 Rl've,rl>id,•• CaIIfornl.
676 RI....,raId,•• CaIIlfornie
877 RlWlfI>id,., CIlUornia
87111 RlWI,raId,., CIU'oml.
879 Rlverl>id. CMfomle
8/110 Rlv.,raId,., CIIl'f'ornIe
6., R1....rsId,•• CaIIfornl,a
4812 Rlverl>id•• Caifornl,a
8IIl3 R1'v.raId,a. California
8,S4 Rlv.raId. C.fC!K'rH
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % maiko

685 CHANG ET AL 1983 BARLEY 75 126
686 CHANGET AL 1983 BARLEY 75 126
687 CHANG ET AL 1983 BARLEY 75 126
688 CHANG ET AL 1983 BARLEY 75 126
689 , CHANG ET AL 1983 BARLEY 75 126
690 i CHANG ET AL 1983 ! BARLEY , 75 126
691 ' CHANG ET AL 1983 BARLEY 75 126
692 CHANG ET AL 1983 BARLEY 75 150
693 CHANG ET AL 1983 BARLEY 75 150
694 CHANG ET AL 1983 BARLEY 75 150
695 CHANG ET AL 1983 BARLEY 75 150
696 CHANG ET AL 1983 BARLEY 75 150
697 CHANG ET AL 1983 :BARLEY 75 150
698 CHANG ET AL 1983 BARLEY .. 75 150
699 CHANG ET AL 1983 BARLEY 75 150
700 CHANG ET AL 1983 BARLEY 75 150
701 CHANG ET AL 1983 BARLEY 75 150
702 CHANG ET AL 1983 BARLEY 75 150
703 CHANG ET AL 1983 BARLEY 75 150
704 CHANG ET AL 1983 BARLEY 75 150
705 CHANG ET AL 1983 BARLEY 75 150
708 CHANG ET AL 1983 BARLEY 75 150
707 CHANG lIT AL 1983 BARLEY 75 150
708: CHANG ET AL 1983 BARLEY 75 : 150
709 CHANG ET AL 1983 BARLEY 75 150
710 CHANG ET AL 1983 BARLEY 75 150
711 CHANG ET AL 1983 BARLEY 75 150
712- CHANG ET AL 1983 BARLEY 70 83
713 CHANG ET AL 1983 BARLEY 70 83
714 CHANG ET AL 1983 BARLEY 70 83
715 CHANG ET AL 1983 BARLEY 70 83
718 CHANG ET AL 1983 BARLEY 70 83
717 CHANG ET AL 1983 BARLEY 70 83
718 CHANG ET AL 1983 BARLEY 70 83
719 CHANG ET AL 1983 BARLEY 70 83
720 CHANG ET AL 198a BARLEY 70 83
721 i CHANG ETAL 1983 BARLEY 70 83;

722
, CHANG ETAL 1983 BARLEY 70 83
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka maiko CONTNT PROCESSING

685 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
686 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
687 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
688 2092 1800 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
689 . 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
890 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
691 2092 1600 8.5 592 1.5 781 4265 2.1 ANAEROBICALLY DIGESTED
692 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICAllY DIGESTED
693 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED
894 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED
895 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBICALLY DIGESTED
896 2053 1745 8.6 608 1.6 893 4368 2.1 ANAERO'BICALLY DIGESTED
897 2053 1745 8.5 608 .1 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED
898 2063 1745 8.6 608 1.5 893 4368 2.1 ANAERO'BlCALlY DIGESTED
899 2053 1745 8.6 608 1.6 893 4368 2.1 ANAEROBlCALlY mGESTED
700 2053 1745 8.6 608 1.5 893 4368 2.1 ANAEROBICALLY D'IGESTED
701 2053 1745 8.5 608 1.5 893 4368 2.1 ANAEROBlCALLY D'IGESTED
702 2053 1745 8.5 608 1.5 893 4388 2.1 ANAEROBICAllY DIGESTED
703 2053 1745 8.5 608 1.6 893 4368 2.1 ANAEROBl'CALlY D,IGESTED
704 2053 1745 8.5 608 1.5 693 4368 2.1 ANAEROBI'CALlY DIGESTED
705 2053 1745 8.6 608 1.5 893 4368 2.1 ANAEROBICAllY DIGESTED
708 2053 1745 8.5 608 1.5 893 4388 2.1 ANAEROBlCALlY D'IGESTED
707 2053 1745 8.5 608 1.5 893 4388 2.1 ANAERO'B1CALlY D'IGESTED
708 2053 1745 It5 608 1.6 893 4388 2.1 ANAEROBICAllY DIGESTED
709 2053 1746 8.6 608 1.5 893 4388 2.1 ANAEROBICALLY DIGESTED
710 2053 1745 8.6 608 1.6 893 4368 2.1 ANAEROBICAllY D'IGESTED
711 20'53 1745 8.5 608 1.5 893 4368 2.1 ANAEROBICALLY D'IGESTED
712 2581 1293 4.5 542 1.1 830 4154 2.8 A.NAERO'BlICALlY DIGESTED
713 2581 1293 4.6 542 1.1 930 4154 2.8 ANAERO'B1CALlY D'IGESTED
714 2581 1293 4.6 542 1.1 130 4154 2.8 ANAERO,Bl,CALlY D'I'GESTED
716 25tll 1293 4.6 542 1.1 130 4154 2.8 ANAER,OIBlICALlY D'I'GESTED
7US 2581 1293 4.5 542 1.1 830 4154 2.8 ANAEROIBlCALlY DIGESTED
717 2581 1293 4.6 542 1.1 .30 4154 2.8 ANAEnOBlCALlY DI'GESTED
718 2581 1293 4.6 642 1.1 130 4154 2.8 AN.AERO'BlCJ\·LlY D'IIG,ESTED
71. 2581 1293 4.5 642 1.1 130 4164 2.8 ANAEROBICALLY DIGESTED
720 25,81 1293 4.6 542 1.1 .30 4154 2•• AN,AS{OBlCALlY DI'G,ESTED
721 2581 1293 4.6 542 1.1 .30 4164 2.8 ANAER·O'BlCALlY D'IIGESTED
722 2581 1293 4.6 542 1.1 .30 4164 2.8 ANAERO'BlCALlY DI'GESTED
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TABLE F-4 (cont.)

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS, SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Moths Motha APPLICATN NAME NAME TEXTURE

685 16 34 0 XEROLLIC CALCIOTHID DOMINO LOAM
686 30 122 0 XEROLLIC CALCIOTHID DOMINO LOAM
687 60 240 0 XEROLLIC CALCIOTHID DOMINO LOAM
688 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
689 16 50 0 XEROLLIC CALCIOTHID DOMINO LOAM
~90 <

30 152 0 . XEROLLIC CALCIOTHID DOMINO LOAM
691 60 300 0 ; XEROLLIC CALCIOTHID DOMINO LOAM
892 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
693 18 16 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
894 32 32 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
695 59 59 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
898 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
897 18 32 0 . TYPIC HALOXERALF GREENFIELD SANDY LOAM
898 32 ;84 0 .. ; TYPIC HALOXERALF GREENFIELD SANDY LOAM
899 59 119 0 . TYPIC HALOXERALF GREENFIELD SANDVLOAM
700 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
701 18 48 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
702 32 96 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
703 59 177 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
704 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
705 18 64 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
708 32 128 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
707 59 238 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
708 : 0 0 0 : TYPIC HALOXERALF GREENFIELD SANDY LOAM
709 18 80 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
710 32 160 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
711 59 ·295 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
712 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
713 18 18 0 XEROLLIC CALCIOTHID DOMINO LOAM
714 33 '.33 0 XEROLLIC CALCIOTHID DOMINO LOAM
715 63 63 0 XEROLlIC CALCIOTHID DOMINO LOAM
718 0 0 0 XEROLlIC CALCIOTHID DOMINO LOAM
717 18 31 0 XEROLLIC CALCIOTHID DOMINO LOAM
718 33 68 0 XEROLLIC CALCIOTHID DOMINO LOAM
719 83 128 0 XEROLLIC CALCIOTHID DOMINO LOAM
720 0 0 0 XEROLLIC CALCIOTHID DOMINO LOAM
721 18 47 0 ,XEROLLIC CALCIOTHID DOMINO LOAM
722 33 96 0 :XEROLLIC CALCIOTHID DOMINO LOAM
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TABLE F-4 (cont.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING'

% % % cmollka 'lb pH RATE (kglhll)

685 40 6.3 271
688 40 6 522
687 40 5.9 1008
888 40 7.3 0
889 40 6.1 339
890, 40 5.9 852
891 40 5.5 1262
892 18 8.1 0
893 16 5.8 87
894 18 5.4 133
895 18 5.3 249
898 18 8.2 0
897 18 5.8 134
898 .1e 5.8 285
899 18 5.3 497
700 18 8.8 0
701 18 5.7 200
702 18 5.7 398
703 18 5.8 748
704 18 8.8 0
705 18 IS 287
708 18 5.9 530
707 18 5.8 995
70111 , , 18 8.9 0
709 18 5.9 334
710 18 5.8 883
711 18 5.5 1244
712 40 7.4 0
713 40 8.9 85
714 40 8.4 140
716 40 8.1 252
718 40 5.7 0
717 40 8.111 130
71. 40 IU 27.
719 40 8.3 503
720 40 7.1 0
721 40 8.9 158
722 40 8.6 419
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TABLE F·4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD, SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT
EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

685 4N HN03 - 30 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
-686 4N HN03 47 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
687 4N HN03 38 LEAF SLUDGE. FIELD. MATURITY ,0 TOTAL BIOMASS
688 4N HN03 25 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
689 4N HN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
690 4N HN03 41 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
691 4N HN03 51 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
692 4N HN03 26 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
693 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
694 4N HN03 50 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
695 4N HN03 53 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
696 4N HN03 20 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
697 4N HN03 35 : LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
698 4N HN03 51 LEAF "SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
699 4N HN03 50 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
700 4N HN03 18 LEAF SLUDGE. FIELD. MATURITY 0·· TOTAL BIOMASS
701 4N HN03 32 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
702 4N HN03 35 LEAF SLUDGE. FIELD. MATURiTY 0 TOTAL BIOMASS
703 4N HN03 44 LEAF SLUDGE. FIELD, MATURITY 0 TOTAL BIOMASS
704 4N HN03 18 LEAF SLUDGE. FIELD, MATURITY 0 TOTAL BIOMASS
705 4N HN03 32 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
708 4N HN03 35 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
707 4N HN03 44 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
708 4N HN03 : 21 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
709 4N HN03 43 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
710 4N HN03 51 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
711 4N HN03 82 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
712 4N HN03

-
29 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS

713 4N HN03 31 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS

714 4N HN03 32 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
715 4N HN03 38 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
718 4N HN03 20 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
717 4NHN03 35 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS

718 4N HN03 37 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
719 4N HN03 33 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS

720 4N HN03 23 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
721 4N HN03 27 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS

722 4N HN03 27 LEAF SLUDGE FIELD. MATURITY 0 TOTAL BIOMASS
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TABLE F·4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

685 NO
688 NO
687 NO
688 NO
689 NO
690 NO
691 NO
692 NO
893 NO
894 NO
895 NO
69IS NO
897 NO
698 NO
699 NO
700 NO
701 NO
702 NO
703 NO
704 NO
705 NO
701S N,O

707 NO
70S : NO :

709 NO
710 NO
711 NO
712 NO
713 NO
714 N,O

715 N,O

71. N'O
717 N'O
71. N,O

71. NO
720 N,O

721 N,O

722 NO
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TABLE F·4 (cant.1

LOCATION
OF

STUDY ,

685 Riverside, California
686 Riverside, California
687 Riverside, California
688 Riverside, California
689 Riverside, California

"690 Riverside, California
691 Riverside, California
692 Riverside, California
693 Riverside, California
694 RivaflJide, CalUornia
695 Riverside, California
696 Riverside, California
697 Riverside, California
698 Rlversida, Califofilia
699 Rlvarside, Callfofl)ia
700 Riverside, California
701 Riverside, California
702 Riverside, California
703 Riverside California
704 Riverside, Cllifornie
705 Riverside, California
706 Riverside, California
707 Riverside, California
708 Riverside, California
709 Rlvareida, Callfornle
"710 Riverside, California
711 Rivaralde, California
712 Riverside, California
713 Riverside, California
714 Rivereide, Celifornia
715 Riverside, Callfornle
716 Riverside, Celifornla
717 " Riverside, Celifornie
718 Riverside, Cllifornla
719 Riverside, CllUornia
720 Riverside, Cel·ifornie
721 Riverside, California
722 Riverside, California
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TABLE F-4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI C. Cd

CITATION NAME CULTIVAR pH % % % mllika

723 CHANG fIT AL 1983 BARLEY 70 83
724 CHANG ET AL 1983 BARLEY 70 83
725 CHANG ET AL 1983 BARLEY 70 83
726 CHANG eT AL 1983 BARLEY 70 83
727 CHANG fT AL 1983 BARLEY 70 83
728 CHANG ET AL 1983 BARLEY 70 83
729 Chana. A.C. et aI•• 1983 '33 BARLEY 70 83
730 Chana. A.C. aUI•• 1983 '33 BARLEY 70 83
731 Chana. A.C. at aI•• 1983 '33 BARLEY 70 83
732 Chana. A.C. at .... 1983 '33 BARLEY 70 88
733 Chana. A.C. at al•• 1983'33 BARLEY 70 86
734 Chana. A.C. at aI•• 1983 '33 BARLEY 70 88
735 Chana. A.C. at .... 1983 '33 BARLEY 70 88
738 Chena. A.C. at .... 1983 '33 BARLEY 70 88
737 Chana. A.C. at .... 1983 '33 BARLEY 70 88
738 Chana. A.C. at .... 1983 '33 BARLEY 70 88 .
739 Chana. A.C. at aI•• 1983 '33 BARLEY 70 88
740 Chana. A.C. at .... 1983 '33 BARLEY 70 88
741 Chana. A.C. at .... 1983 '33 BARLEY 70 88
742 Chana. A.C. at .... 1983'33 BARLEY 70 88
743 Chana. A.C. at .... 1911I3'33 BARLEY 70 88
744 Chana. A.C. ~t .... 1911I3'33 BARLEY 70 88
745 Chana. A.C. at .... 1911I3 '33 BARLEY 70 88
748 Chana. A.C. at .... 1911I3 '33 : BARLEY 70 : 88
747 Chana. A.C. at .... 1911I3 '33 BARLEY 70 88
748 Cilana. A.C. at .... 1983 133 BARLEY 70 88
749 Cilana. A.C. at .... 1911I3'33 BARLEY 70 88
750 CI1ano. A.C. a,t .... 1911I3 133 BARLEY 70 88
751 Chena, A.C. a,t .... 1983133 BARLEY 70 88
762 P~e'r.I.Lat .... USS 1185 Com Prida 110
753 Palppa,r.I.L at aI.. UlIIII 1185 Com Prida 110
764 Peooe,.I.L. a,t aI. 19IB.,185 Co,m Prida 110
75,5 hoDa,.I.L. a't aI•• lISI.1185 CO'fn Prida 110
758 Peppe,.I.L et aI.. uml '115 Com Pride 110
767 Pecot,.I.L a't aI. 11811 1115 Com PMa 110
76JS P~,'.L. a,t aI•• 111S1 '11'6 Com Prid,a 110
761 ~"f'.I.Lat aI•• Ullml 1115 Com PrId.l10
760 PlCOId.L. a,t aI .. 19S1 '185 Com Prido 110
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % mglko malka malka mglkg CONTNT PROCESSING

723 2561 1293 4.5' 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
724 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
725 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
726 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
727 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
728 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
729, 2561 1293 4.5 542' 1.1 930 '4154 2.8 ANAEROBICALLY DIGESTED
730 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
731 2561 1293 4.5 542 1.1 930 4154 2.8 ANAEROBICALLY DIGESTED
732 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
733 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
734 2639 13&3 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
735 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
736' 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
737 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
738 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
739 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
740 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
741 t 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
742 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
743 2639 136S 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
744 2839 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
745 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
746 2639 1363 4.5 534 1.1 902 4002 2.8 ANAERDBICALLY DIGESTED
747 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
748 2839 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
749 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
750 2639 1383 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
751 2639 1363 4.5 534 1.1 902 4002 2.8 ANAEROBICALLY DIGESTED
752 Unlimed .Iudae, 1978
753 Unlimed Iludae, 1976
754 Unllmed Iludae, 1978
755 Unlimad .Iudge, 1976
758 - Unlimed sludae, 1976
767 Unlimad .Iudge, 1976
758 ,Unlimad sludge, 1976
759 t Unlimed sludge, 1976
760 : : Unlimed sludae 1977
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TABLE F-4 (conI.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Mathe Mathe APPLICATN NAME NAME TEXTURE

723 63 189 0 XEROLLIC CALCIOTHID DOMINO LOAM
724 0 0 1 XEROLLIC CALCIOTHID DOMINO LOAM
725 0 47 1 XEROLLIC CALCIOTHID DOMINO LOAM
728 0 96 1 XEROLLIC CALCIOTHID DOMINO LOAM
727 0 189 1 XEROLLIC CALCIOTHlD DOMINO LOAM
728 0 0 2 XEROLLIC CALCIOTHID DOMINO LOAM
729 0 47 2 .XEROLLIC CALCIOTHID DOMINO LOAM
730 0 96 2 XEROLLIC CALCIOTHID DOMINO LOAM
731 0 189 2 XEROLLIC CALCIOTHID DOMINO LOAM
732 0 0 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
733 18 US 0 TYPIC HALOXERALF GREENFIELD SANDY LOAM
734 32 32 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
735 88 68 0 iTYPIC HALOXERALF GREENFIELD SANDVLOAM
738 0 0 0 • TYPIC HALOXERALF GREENFIELD SANDV LOAM
737 18 33 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
738 32 84 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
739 88 131 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
7-40 0 0 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
741 18 49 0 TYPIC HALOXERALF GREENFIELD SANDVLOAM
742 32 98 0 TYPIC HALOXERALF GREENFlIELD SANDVLOAM
743 88 197 0 TYPIC HALOXERALF GREENFI'ELD SAN,DVLOAM
744 0 0 1 TYPI'C HALOXERALF GREENFIELD SANDVLOAM
745 0 49 1 TYPIC HALOXERALF GREENIFIELD SANDVLOAM
746 : 0 98 1 TYPI'C: HALOXERALF GREENFIELD SANDVLOAM
747 0 197 1 TYPI'C HALOXERALF GREENFIELD SAN'DVLOAM
741 0 0 2 TYPI'C HALOXERALF GREENFlIELD SANDVLOAM
749 0 49 2 TYPI,C HALOXERALF GREENFlIELD SAN,DVLOAM
750 0 98 2 TYPIC HALOXERALF G·R.EEN:FI'ELD SANOVLOAM
751 0 197 2 TYPIC HALOXERALF GREEN'FI,ELD SANIDVLOAM
752 0 AuvendcHI!p.oxI,rolC'l Sultan Hltl'OIIn
753 22.4 0 Auwnot!oH.19·ox.ro/('I Sultan Iiltl~

764 44.S 22.4 A'u'lI'ln,t$o H.klox.,roll,. Sul'tlll .'lIt/OM!
755 19.8 44•• F1uve,n,tlo H.!opQx.,roH,. Sul'tlll H't loam
758 0 SUI Aau :c X.,rofll'UVI,n,tI Puvallu,p fi,ne .lIndy loam
757 22.4 0 Aau c X.,ro,fIIWI,ntl PuwAloD fIl'l'lI .IIMy JollA!!
761 44.1 12.4 Aoo c XIHo,fI'uwn'l. Puy,A'Mu,p filM .andy /o1llJll
751 IUI.8 44.1 Aoo c Xlro'fIkwa,n,t. PuvA'Mul) Rne I,andy IOIllJll
7&0 0 89.6 Fluvl~tieHel.p.ox.rollil SulllU'l dlllloOllm
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TABLE F-4 (cont.1

-:" .~

""'

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % DH RATE (kolhel

723 40 6.4 755
724 40 .' 7.2 0
725 40 6.6 196
726 40 6.5 419
727 40 6.4 755
728 40 7.5 0
729 40 6.9 196
730 40 6.7 419
731 40 6.5 755
732 16 6 0
733 16 5.8 65
734 16 5.7 132
735 16 5.7 269 .
736 16 6.5 0
737 16 6.4 130
738 16 6.2 264
739 16 6.1 538
740 16 6.5 0
741, 16 6.3 196
742' 16 6.1 397
743' 16 .- 6 807
744 16 6.5 0
745, 16 6.3 196
746 : :16 6.1 397 :

747 16 6 807
748 16 6.8 0
749 16 6.4 196
750 16 8.2 397
751 18 . 6.2 807
752 13.7 4.6 0
753 13.7 4.6 65
754 13.7 4.6 110
755 13.7 4.6 220
756 9.1 4.7 0
767 9.1 4.7 55
758 9.1 4.7 110
759 9.1 4.7 220
760

,
13.7 ~ 4.6 .0
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TABLE F-4 (cont.)

SOIL Zn PLANT Zn PLANT ! YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

723 4NHN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
724 4 N HN03 21 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
725 4N HN03 28 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
726 4N HN03 32 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
727 4N HN03 35 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
728 4N HN03 25 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
729 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
730 4 N HN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
731 4N HN03 41 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
732 4NHN03 30 LEAF SLUDGE, FIELD, MAiURITY 0 TOTAL BIOMASS
733 4NHN03 26 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
734 4N HN03 40 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
735 I~ N HN03 52 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
738 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
737 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
738 4NHN03 38 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
739 4N HiN03 39 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
740 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
741 4N HN03 31 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
742 4N HN03 33 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
743 4 N HN03 38 LEAF SLUDGE, FI'ELD, MATURITY 0 TOTAL BIOMASS
744 "4N HIN03 19 LEAF SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
745 4N HN03 28· LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
748 4N HN03 : 32 LEAF SLUDGE, FIIELD. MATURITY 0 TOTAL BIOMASS
747 4NHIN03 34 LEAF SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
748 4 N HiN,03 24 LEAF SLUDGE, FIELD, MATURITY 0 TOTAL BIOMASS
741 4 N HN'03 37 LEAF SLUDGE, FIIELD, MATURITY 0 TOTAL BIOMASS
750 4NHN'03 39 LEAF SLUDGE. FlIELD, MATUIRITY 0 TOTAL BIOMASS
761 4N BN'03 48 LEAF SLUDGE, FlIELD, MATUIRITY 0 TOTAL BIOMASS
762 0 2,2 28 Le.f SLUDGE, FIIELD. MATUIRITY
753 65 10.3 114.7 Le., SLUDGE, FlIELD. MATU'R:ITY
754 110 17 182,7 Le'.f SLUDGE. AELD MATU'RITY
765 220 49.4 " 423.9 Le.f SLUDGE, FIIELD. MATURITY
758 0 3.4 28.7 Le.f SLUDGE, FlIELD. MATUIR'ITY
757 56 • 138.8 te,.,f SLUDGE. FlIELD, MATURtITY
7'51 110 11.8 193 Le,.f SLUOG,E AELD MATUIRITY
751 220 34.8 375 Le,.,f SW'DGE, RIELD. MATUIRITY
760 0 49.7 Le,.,f SLUDGE FIELD MATUR'ITY
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TABLE F-4 (cont.1

YIELD YIELD
REDUCTION COMPONENT METAL

'" MEASURED PHYTOTOXICITY COMMENTS

723 NO
724 . NO
725 NO
726 NO
727 NO
728 NO
729 NO l

730 NO
731 NO
732 NO
733 NO
734 NO'
735 NO
736 ! NO \ .. i

737 I NO i

738 NO
739 NO
740 NO
741 NO

, 742 NO
743 NO
744 NO
745 NO
746 : NO :

747 NO
748 NO
749 NO
750 NO
751 NO
752 NO YIELD NOT DETERMINED
753 NO YIELD NOT DETERMINED
754 NO YIELD NOT DETERMINED
755 NO YIELD NOT DETERMINED
756 NO YIELD NOT DETERMINED
757 NO YIELD NOT DETERMINED
758 NO YIELD NOT DETERMINED
759 NO YIELD NOT DETERMINED
760 NO 'i YIELD NOT DETERMINED

F-343



TABLE F-4 (cont.1

LOCATION
OF

STUDY

723 Riverside, California
724 Riverside, California
725 Riverside, California
726 Riverside, California
727 Riverside, California
728 Rlvarslde, Californie
729 Riverside, California
730 Riverside, California
731 Riverside, California
732 Rlver.ide, California
733 Rlver.ide, California
734 Rive,r.ide, ClII'ifornia
735 River.ide, CalUornia
736 River.ide, CaI,lfornia
737 Rivertlde, California
738 Rivertlde, California
739 Rlver.lde, CalUornia
740 Rlverllda, CalUornia
741 Rlverllda, California
742 Rlva,rlld,e, CalUornia
743 Rivar.lde, California
744 Rlvarside, Ca/'ifornla
745 Rlvarsida, Callfornia
746 , Rlv.rslda, California
747 Rlvar.ld,a, CaI'lfornia
748 Rlver.lda, Callfornia
749 R1v.rsId,., California
750 Rlva,rsid,a, ClIlfornl·a
751 Rlversid., C.fo,rnla
752 PuvaIJIUIP, W..hl,nato,n
753 'uvllllJP, W'lhl,natoA
754 'uv'llluD, W..hl'l'lCrton
755 'uvalJluD, W..h/'notDn
75a uv'~, W..h/'OOIl'O,n
757 'uYIlluo, W••hi<OOIlo,n
7sa ~aIJIUD.W••h1'l'1010R
759 waNuo, WI.,h1,noton
760 'uv'llloo. W..WOOllon
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TABLE F-4 (cont.1

SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION ' NAME CULTIVAR pH % % % malka

761 PeDDei',I.L. 5t aI., 1988 ',85 Corn Pride 110
762 PlDlMlr I.L. at .... 1988 ',85 Corn Pride 110
763 Peppar,I.L. at al •• ,988',85 Corn Pride 110
764 Popper,I.L. at al•• ,988',85 Corn Pride 110
765 ; Poopar.I.L. etal., 1988 ',85 Corn Pride 110
766 i Peppar,I.L. et ill.. 1988 ',85 Corn Pride 110
767 ! Papper.I.L. et ill •• 1988 ',85 I Corn Pride 110
768 Scheuer, P.S. et ..., 1980'211 Lettuce S81ed Bowl 4.7 67.5 21
769 Scheuer, P.S. et e1., 1980'211 Lettuce Saled Bowl 4.7 67.5 21
770 Schauer, P.S. ilt ..., 1980'211 Lettuce Saled Bowl 4.7 67.5 21
771 Schauer; P.S. et ..., 1980 '211 Lettuca Seled Bowl 4.7 67.5 21
772 Scheuer, P.S. at e1., 1980'211 Lattuca Soled Bowl 4.7 67.5 21
773 Schouer, P.S. et ..., 1980 '211 Lettuce Seled Bowl 4.7 67.5 21
774 SchltUer. P.S. ai ..., 1980'211 i Redish ChaBYtlel:le 4.7 67.5 21
775 Scheuer, P.S. at e1., 1980'211 Redish Cherry tlene 4.7 67.5 21
776 Scheuar, P.S••t ..., 1980 '211 Redi'h Cherry tlelle 4.7 67.5 21
777 Scheuer, P.S. at ..., 1980'211 Redi'h Chanv tlelle 4.7 67.5 21
778 Scheuer,P.S. at ..., 1980'211 Redi'h Cherry tllllle 4.7 67.5 21
779 Schauar, P.S. at ..., 1980'211 Redish Cherry tlelle 4.7 87.5 21
780 Sohauer, P.S••t ..., 1980'211 ' Cerrot i:'lenver. 4.7 67.5 21
781 Schauer, P.S. at eI., 1980'211 Cerrot Denver. 4.7 67.5 21
782 ' Schauer, P.S. at ".,1980'211 Cerrot Danver. 4.7 67.5 21
783 Scheuer, P.S. at ..., 1980'211 ' Carrot Danver. 4.7 67.5 21
784 Schauar, P.S, at ..., 1980'211 : Carrot Danver. 4.7 67.5 21
785 Schauer, P.S. at ..., 1980'211 Carrot Danver. 4.7 67.5 21
788 Lattarell. J.J. at ".,1978"38 SnllD aeon Tendararaen 2.81 6
787 Lattarell, J.J. at"., 1978 '138 Snap Bean TendlrQraan 2.81 6
788 , Letterell. J.J. fit ..., 19781138 Snep aean Tenderareln 2.61 6
789 Lattarell, J.J. at eI., 1978 1138 SOlID aeln Tenderareln 2.81 6
790 Latterell. J.J. etel., 19781138 SnllD aean Tenderareen 2.81 8
791 Latteral', J.J. at ..., 1978 1138 SnIP Beln Tenderaraln 2.61 8
792 Latterall, J.J. at aI., 19781138 Snap aean Tanderarean 2.61 8
793 Latterell, J.J. at e1., 1978"38 SniP aeen Tendlrareen 2.61 8
794 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
795 HAM &OOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
796 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 . 12
797 ; HAM &OOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
798 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
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TABLE F-4 (cant.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu FlI N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % maiko malka maiko malka CONTNT PROCESSING

761 Unlimed sludae, 1977
762 Unlimed .Iudall, 1977
763 Unlimed sludall, 1977
764 Unlimed sludge. 1977
765 Unlimed sludall, 1977
766 Unlimed sludall. 1977
767 , Unlimlld sludall. 1977
768 2520 560 1630 ANAEROBICALLY DIGESTED
769 2520 560 1630 ANAEROBICALLY DIGESTED
770 2520 560 1630 ANAEROBICALLY DIGESTED
771 2520 560 1830 ANAEROBICALLY DIGESTED
772 2520 560 1830 ANAEROBICALLY DIGESTED
773 2520 , 560 1830 ANAEROBICALLY DIGESTED
774 2520 560 1830 ANAEROBICALLY DIGESTED
775 2520 560 1830 ANAEROBICALLY DIGESTED
778 2520 560 1830 ANAERO'BI'CALLY DIGESTED
777 2520 560 1830 ANAEROBICALLY DI'GESTED
778 2520 560 1830 ANAEROBICALLY DI'GESTED
779 2520 560 1830 ANAEROBICALLY DIGESTED
780 2520 560 1830 ANAERO'B!ICALLY DIGESTED
781 2520 560 1830 ANAERO'BlCALLY DIGESTED
782 2520 560 1830 ANAEROBICALLY DIGESTED
783 2520 560 1830 ANAEROBICALLY DIGESTED
784 2520 : 560 1830 : ANAERO'BICALLY DIGESTED
785 2520 560 1830 ANAEROBICALLY DIGESTED
788 110 190 15 510 1080 AI1H'roblc8l111 D,los.tlKf
787 110 190 16 510 1080 Al1Hroblc81lv D,la••tlKf
788 110 190 16 510 10aO AI1H,roblcel1l1 Dl,os,.ted
789 110 190 15 510 10S0 Anee,robl'ca!lv Dla,s.ted
790 110 190 15 510 10S,0 Anee'roblcal!lI D/.o'Nted
791 110 190 15 510 10'S10 Aneeroblc8l4v ma·s,.ted
792 110 190 15 510 10'S'0 AOH'robl'c81lv D1,a••'ted
793 110 190 15 510 1OS'O AI1H,robi,c.uv Ol,o·s,.ted
794 1100 2020 1.8 2.73 4.4 4.37 2560 2130 AIRD'RY ANAEROIBIC Df'G,ESTED
79'6 1100 2020 1.8 2.73 4.4 4.37 2560 2130 AlIR D'RY ANAEROBIC OI'G,ESTEO
7.'1S 1100 2020 UI 2.73 4.4 4.37 2:5&0 213'0 AIIRO,RY ANA.EROBIC DI'GESnO
7U 1100 202:0 1.8 2.73 4.4 4.37 2:5&0 2130 AIRO,RY ANAERO'BIC OI'G,ESTEO
79'. 1100 2020 1.8 2.73 4.4 4.37 25&0 213,0 AlIR D'RY ANAEROBIC D1G·ESTED
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TABLE F-4 (cont.)

SLUDGE ANNL SLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABIUZATN Mglha Ma/hll APPLICATN NAME NAME TEXTURE

761 22.4 Fluventic Halpoxerolls Sultan .llt loam

762 44.8 Fluventlc Halpoxerolls Sultan .i1t loam

763 89.6 Fluventic Halpoxerolls Sultan .i1t loam

764 0 Aauic Xerofluvents Puyallup fine .andy loam

765 22.4 "quic Xerofluventl Puyallup fine sandy loam

766 44.8 Aaulc Xerofluvllnts PuVallup flnll sllndy loam

767 89.6 Aauic Xerofluvents Puyallup fine sandy loam

768 0 0 0 Typic Dystrochrept Bridgllhempton .lltloam

769 20 20 0 Tvpic DV8trochrept. Brldaehampton .iltloam

770 60 60 0 Twic DYltrochrept BridaehllmPtori lilt loam

771 0 0 1 Typic OVltrochrept BrldgehllmPton Iiltloem

772 20 20 1 Twlc DVitrochrept Brldalhampton lilt loam

773 60 60 1 Twic DVitrochrept BridaehllmPton lilt loam

774 0 0 0 .. Tvplc Dystrochrept BridgehllmPton lilt loam

775 20 20 0 Twlc DVitrochrllPt BridaehamPton .i1tloam

776 60 60 0 Twic Dy.trochrept Bridgehampton lilt loam

777 0 0 1 Typic Dyatrochrept BridaehemDton .i1t loam

778 20 20 1 Twic OVltrochrept BridaehlmPton .i1tloam

779 60 60 1 Typic DvstrochrllPt BridgehlmPton .llt loam

780 0 0 0 Typic DVitrochrllPt Brldaehlmoton .i1t loam

781 20 20 0 TYPic DvatrochrllPt Bridaehampton .i1t loam

782 60 60 0 Twlc Dvatroehrept BrIdgehampton lilt loam

783 0 0 1 Twlc Dvatrochrept Bridaehlmoton' lilt loam

:784 20 20 1 Twlc Dvatrochrept Brldaehampton' : lilt loam

786 60 60 1 Tvplc Dvatrochr.pt BrIdgehampton • .llt loam

781S 0 NA Udonhentic HlIPloboroll . Hubbard coar.lI.and

787 0 NA Udonhentlc Haploboroll Hubbard coarl. land

788 122 0 Udonh.ntic HlIPloboroll Hubbard coar....nd

789 225 0 Udonh.ntic Haploboroll Hubbard coarlll .and

790 450 0 Udonhentic HIPloboroll Hubbard coar.lI.and

791 350 1 Udonhentic Haploboroll Hubbard coar.a ••nd

792 700 1 Udonhentic HlIPloboroll Hubbard coarlll.and

793 1400 1 Udonhentlc Ha,ploboroll Hubbard coarlll ••nd

794 0 0 0 TYPIC TAPLUDOLL WAUKEGAN SiL

795 25 25 0 TYPIC TAPLUDOLL WAUKEGAN SIL

796 50 50 0 TYPIC TAPLUDOLL WAUKEGAN SiL
797 100 100 0 TYPIC TAPLUDOLL WAUKEGAN SIL

798 200 200 0 TYPIC TAPLUDOLL WAUKEGAN SiL

F-347



TABlE F-4 (con,t.)

SANID SltT CLAY SOlt SOlt CUMM Zn
CONTENT CONTENT CO,NTENT CEC OC SOlt LOAO'!N,G

% % % omollka % DH RATE (kolha)

761 13.7 4.6 55
762 13.7 4.6 110
763 13.7 4.6 220
764 9.1 4.7 0
765 9.1 4.7 55
766 9.1 4.7 110
767 9.1 4.7 220
768 34 58 8 2.8 5.6 0
769 34 58 8 2.8 5.6 33
770 34 58 8 '2.8 5.6 99
771 34 58 8 2.8 5.6 0
772 34 58 8 2.8 5.6 33
773 34 58 8 2.8 5.8 99
774 34 58 8 ~ 2.8 5.6 0
775 34 58 8 2.8 5.8 33
776 34 58 8 2.8 5.6 99
777 34 58 8 2.8 5.8 0
778 34 58 8 2.8 5.8 33
779 34 58 8 2.8 5.8 99
780 34 58 8 2.8 5.6 0
781 34 58 8 2.8 5.6 33
782 34 58 8 2.8 5'.6 99
783 34 58 8 , 2.8 5;8 0

: 784 34 58 8 : 2.8 : 5.8 33
785 34 58 8 2.8 5.8 99
788 1.2 5.3 0
787 1.2 5.3 0
788 1.2 5.3 149
789 1.2 5.3 298
790 1.2 5.3 597
791 1.4 5.3 379
792 1.9 5.3 758
793 3.2 5.3 1518
794 8.5 0
795 8.5 52.5
798 8.5 105
797 8.5 210
798 8.5 420
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TABLE F-4 (cont.)

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

761 112 136.8 Leet SLUDGE. FIELD. MATURITY
762 224 338 Leat SLUDGE. FIELD. MATURITY
763 448 587.7 Leat SLUDGE. FIELD. MATURITY
764 0 55.8 Leat SLUDGE. FIELD. MATURITY
765 112 186 Leet SLUDGE. FIELD. MATURITY
766 224 486.3 Le·at SLUDGE. FIELD. MATURITY
767 448 677.3 Leat SLUDGE. FIELD. MATURITY
768 DTPA 3.4 50 Leet SLUDGE. FIELD. MATURITY
769 DTPA 5.9 66 Leet SLUDGE. FIELD. MATURITY
770 DTPA 11.7 90 Leet SLUDGE. FIELD. MATURITY
771 DTPA 4.8 48 LNt SLUDGE. FIELD. MATURITY
772 DTPA 8.2 73 Leat SLUDGE. FIELD. MATURITY
773 DTPA 15.2 133 Leef SLUDGE. FIELD. MATURITY
774 DTPA 3.4 82 Leaf .. SLUDGE. FIELD. MATURITY
775 DTPA 5.9 73 Leet SLUDGE. FIELD. MATURITY
778 DTPA 11.7 74 Leer.. SLUDGE. FIELD. MATURITY
777 DTPA 4.8 70 Leett SLUDGE. FIELD. MATURITY
778 DTPA 8.2 88 Leet SLUDGE. FIELD. MATURITY
779 ·DTPA 15.2 184 Leef SLUDGE. FIELD. MATURITY
780 DTPA 3.4 32 Leef SLUDGE. FIELD. MATURITY
781 DTPA 6.9 42 Leaf SLUDGE. FIELD. MATURITY
782 DTI"A 11.7 69 Lllaf SLUDGE, FIELD, MATURITY
783 DTPA 4;8 40 Leaf SLUDGE, FIELD, MATURITY
784 DTPA 8.2 66 Leaf SLUDGE, FIELD. MATURITY :

785 DTPA 15.2 79 Leaf SLUDGE, FIELD, MATURITY
788 DTPA 32 Leef SLUDGE, FIELD, MATURITY
787 DTPA 30 Leaf SLUDGE. fiELD. MATURITY
788 DTPA 67 Leaf SLUDGE, FIELD. MATURITY
789 DTPA 69 Leaf SLUDGE, FIELD, MATURITY
790 DTPA 80 Leat SLUDGE, FIELD, MATURITY
791 DTPA 69 Leat SLUDGE, FIELD. MATURITY
792 DTPA 92 Leaf SLUDGE. FIELD, MATURITY
793 DTPA 117 Leaf SLUDGE. FIELD. MATURITY
794 N.L. 205 LEAF SLUDGE. FIELD, MATURITY 0 GRAIN
796 N.L. 203 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
798 N.L. 223 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
797 N.L. 278 LEAF SLUDGE, FIELD. MATURITY 0 GRAIN
798 N.L. 331 LEAF SLUDGE FIELD MATURITY 0 GRAIN
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TABtE F-4 (oant.)

YI,ELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

7&1 NO YIIELD NOT D'ETERMINED
7&2 NO YI,ELD NOT DETERMIINED
7&3 NO YIELD NOT DETERMIN'ED
764 NO YIELD NOT DETERMINED
765 NO YIELD NOT DETERMINED
186 NO YI'ELD NOT DETERMINED
767 NO YIIELD NOT DETERMINED
768 NO YIELD NOT DETERMINED
769 NO YI'ELD NOT DETERMINED
770 NO YIELD NOT DETERMINED
771 NO YI'ELD NOT DETERMINED
172 NO YIELD NOT DETERMIINED
773 NO YI,ELD NOT DETERMINED
774 NO .. YIIELD NOT DETERMINED
775 NO YIELD NOT DETERMINED
776 NO YIELD NOT DETERMINED
777 NO YIELD NOT DETERMINED
778 NO YIELD NOT DETERMINED
779 NO YIELD NOT DETERMINED
780 NO YIELD NOT DETERMINED
781 NO YIELD NOT DETERMINED
782 NO YIELD NOl: DETERMINED
783 NO YIELD NOT DETERMINED
784 NO : YIELD NOT DETERMINED
185 NO YIELD NOT DETERMINED
788 NO YIELD NOT DETERMI'NED
787 NO YIELD NOT DETERMINED
788 NO YIELD NOT DETERMINED
789 NO YIELD NOT DETERMINED"
790 NO YI,ELD NOT DETERMIINED
791 NO YIELD NOT DETERMINED

"792 NO YIELD NOT DETERMINED
793 NO YIELD NOT DETERMliNED
794 NO
795 NO
798 NO
797 NO
798 NO
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TABLE F-4 (cont.)

LOCATION
OF

STUDY

761 Puyallup. Washington
762 Pl/yallup. Washington
763 PUyallup. Washington
764 Puyallup. Washington
765 Puyallup. Washington
766 Puyallup. Washington
767 Puyallup. Washington
768 KINGSTON. RHODE ISLAND
769 KINGSTON. RHODE ISLAND
770 KINGSTON. RHODE ISLAND
771 KINGSTON. RHODE ISLAND
772 KINGSTON. RHODE ISLAND
773 KINGSTON. RHODE ISLAND
774 KINGSTON. RPiODE ISLAND
775 KINGSTON. RHODE ISLAND
776 KINGSTON. RHODE ISLAND
777 KINGSTON. RHODE ISLAND
778 KINGSTON. RHODE ISLAND
779 KINGSTON. RHODE ISLAND
780 KINGSTON. RHODE ISLAND
781 KINGSTON. RHODE ISLAND
782 KINGSTON. RHODE ISLAND
783 KINGSTON. RHODE ISLAND
784 KINGSTON. RHODE ISLAND
785 KINGSTON. RHODE ISLAND
786 Elk Rlv.r. Minn••otll
787 Elk Rivar. Minna.otll
788 Elk River, Minna.otll
789 Elk River, Minna.otll
790 Elk River. Minn••otll
791 Elk River. Minna.ota
792 Elk River. Minna.otll
793 EI'k Rivar, Minna.otll
794 MINNESOTA
795 MINNESOTA
796 MINNESOTA
797 MINNESOTA
798 MINNESOTA
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TABle f.4 (oon1.)

SLUDGE SLUDGE SLUOGE SLUDGE
LITERATURE PLANT SLUDGE VOLSOUDS AI ell Cd

CITATION NAME CULTIVAR pH % % % maiko

799 HAM ..DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
800 HAM ..DOWDY 1978 SOYBEAN MERRltL 1.41 4.98 12
801 HAM .DOWDY 1978 SOYBEAN MERRI'LL 1.41 4.98 12
802 HAM ..DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
803 HAM &DOWDY 1978 SOYBEAN MERRILL 1.41 4.98 12
804 WltUAMS 1977 CARROT
805 WILLIAMS 1977 CARROT
806 WILLIAMS 1977 CARROT
807 WILLIAMS 1977 CARROT
808 WILLIAMS 1977 CARROT
809 WILLIAMS 1977 CARROT
810 WILLIAMS 1977 CARROT
811 WILLIAMS 1977 CARROT
812 WILLIAMS 1977 BEET ..
813 WILLIAMS 1977 BEET i

814 WILLIAMS 1977 BEET
815 WILLIAMS 1977 BEET
816 WILLIAMS 1977 BEET
817 WILLIAMS 1977 BEET
818 WILLIAMS 1977 BEET
819 WILUAMS 1977 BEET
820 WILLIAMS 1977 ONION
821 WILLIAMS 1977 ONION

,

822 WILLIAMS 1977 ONION :

823 WILLIAMS 1977 O'NION
824 WILLIAMS 1977 ONION
825 WILLIAMS 1977 ONION
828 WILLIAMS 1977 ONION
827 WILLIAMS 1977 ONION
828 WILLIAMS 1977 ONION
829 WILLIAMS 1977 ONION
830 WILLIAMS 1977 ONION
831 WILLIAMS 1977 ONION
832 WltUAMS 1977 ONION
833 WILLIAMS 1977 ONION
834 WILLIAMS 1977 ONION
835 WILLIAMS 1977 ONION

836 WILLIAMS 1977 SWEDE
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

maiko maiko '" % maiko maiko maiko maiko CONTNT PROCESSING

799 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
800 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
801 . 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
802 1100 1020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
803 1100 2020 1.6 2.73 4.4 4.37 2560 2130 AIR DRY ANAEROBIC DIGESTED
804 100 6100 11400 AIR DRIED ;
805 100 5100 11400 AIR DRIED

,

806 100 6100 11400 AIR DRIED
:

807 100 5100 11400 AIR DRIED
808 100 6100 11400 AIR DRIED
809 100 6100 11400 AIR DRIED
810 100 6100 11400 AIR DRIED
811 100 6100 11400 AIR DRIED I

812 100 6100 . 11400 AIR DRIED
813 100 : 5100 , 11400 AIR DRIED

,
,

814 100 6100 11400 AIR DRIED
815 100 6100 11400 AIR DRIED
816 100 6100 11400 AIR DRIED
817 100 6100 11400 AIR DRIED
818 100 6100 11400 AIR DRIED
819 100 6100 11400 AIR DRIED

.820 100
;

6100 ., 11400 AIR DRIED
821 100 5100 ~ 11400 AIR DRIED
822 100 5100 11400 AIR DRIED :

823 100 6100 11400 AIR DRIED
'824 100 5100 11400 AIR DRIED
826 100 6100 11400 AIR DRIED
826 100 6100 11400 AIR DRIED
827 100 5100 11400 AIR DRIED
828 100 6100 11400 AIR DRIED
829 100 6100 11400 AIR DRIED
830 100 5100 11400 AIR DRIED ;

831 100 5100 11400 AIR DRIED
832 100 5100 11400 AIR DRIED
833 100 6100 11400 AIR DRIED
834 100 5100 11400 AIR DRIED
835 100 6100 11400 AIR DRIED
836 100 5100 11400 AIR DRIED
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TABLE f.4 (oon,I.)

SLUDGE ANiNlLSLUDGE CUMMLSWDGE YEARS SOIIL SOlt
CHiEMICAL LOADNIG RATE LOAD'NG RATE SINCE LAST TAXONOMIIC SERIES SOlt

STABIUZATN Molhe Mathe APPUCATN NAME NAME TEXTURE

799 0 0 1 TYPIC TAPLUDOLL WAUKEGAN SIL
800 25 25 1 TYPIC TAPLUDOLL WAUKEGAN Sit
801 50 50 1 TYPIC TAPLUDOLL WAUKEGAN Si,L
802 100 100 1 TYPIC TAPLUDOLL WAUKEGAN Sit
803 200 200 1 TYPIC TAPLUDOLL WAUKEGAN Sit
804 0 0 8 LS
805 61S 56 8 LS
801S 112 112 8 LS

807 224 224 8 LS
808 0 0 8 LS
809 66 66 8 LS
810 112 112 8 LS
811 224 224 8 LS
812 0 0 9 - LS
813 66 51S 9 LS
814 112 112 9 LS
815 224 224 9 LS
818 0 0 9 LS
817 61S 51S 9 LS
818 112 112 9 LS

819 224 224 9 LS
820 0 0 10 ; LS

821 66 56 10 LS
822 112 :112 10 : LS
823 224 224 10 LS
824 0 0 10 LS
825 68 66 10 LS
821S 112 112 10 LS
827 224 224 10 LS
828 0 0 13 LS
829 58 56 13 LS
830 112 112 13 LS
831 224 224 13 LS
832 0 0 13 LS
833 66 56 13 LS
834 112 112 13 LS
835 224 224 13 LS
836 0 0 11 LS
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TABLE F-4 (cont.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmolJkg % pH RATE (kg!he)

799 6.5 0
800 6.5 52.5
801 6.5 105
802 6.5 210
803 6.5 420
804 1.2 5.8 0
805 1.2 5.8 640
806 1.2 5.8 1280
807 1.2 5.8 2560
808 1.2 6.6 0
809 1.2 6.6 640
810 1.2 8.6 1280
811 1.2 6.6 2560
812 .. 1.2 6.2 0
813 " 1.2 6.2 640
814

, ,
1.2 6.2 1280

815 1.2 8.2 2580
818 1.2 7 0
817 1.2 7 840
818 1.2 7 1280
819 1.2 7 2560'
820 i 1.2 ' 6.2 0
821 , 1.2 6.2 840
822 : ' : : 1.2 ; 8.2 1280
823 1.2 8.2 2560
824 1.2 7 0
825 1.2 7 640
826 1.2 7 1280 -
827 1.2 7 2560
828 1.2 6.3 0
829 1.2 6.3 640
830 1.2 Ii 6.3 1280
831 1.2 6.3 2560
832 1.2 6.8 0
833 1.2 6.8 840
834 1.2 6.8 1280
835 1.2 6.8 2560
836 1.2 6.7 0
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TABlE f.4 (co,n,I.)

SOlt Zn PLANTZn PLANT YIELD VliELD
SOlt CONCENTRTN CON'CENTRTN TISSUE D'ESCRIIPTION OF REDUCTION COMPONENT

EXTRACTANT maiko maiko SAMPLED EXPERIMENTAL DESI,GN % MEASURED

799 N.L. 42 LEAF SLUDGE. FIELD. MATURITY 0 GRAI'N
800 N.L. 84 LEAF SLUDGE. FIELD. MATURITY 0 GRAIIN
801 N.L. 88 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
802 N.L. 75 LEAF SLUDGE. FIELD. MATURITY 0 GRAIN
803 N.L. 64 LEAF SLUDGE. FIELD. MATURITY 0 GRAI'N
804 .5MHOAC 29 N.L. SLUDGE. FIELD. MATURITY 0 ROOT
805 .5MHOAC 112 N.L. SLUDGE. FIELD. MATURITY 94.5 ROOT
808 .5MHOAC 212 N.L. SLUDGE, FIELD. MATURITY 99.3 ROOT
807 .5MHOAC 350 N.L. SLUDGE. FIELD. MATURITY 100 ROOT
808 .5MHOAC 29 N.L. SLUDGE. FIELD. MATURITY 0 ROOT
809 .5MHOAC 112 N.L. SLUDGE. FIELD. MATURITY 38 ROOT
810 .5MHOAC 212 N.L. SLUDGE, FIELD, MATURITY 69.4 ROOT
811 .5MHOAC 350 N.L. SLUDGE, FlELD. MATURITY 93.2 ROOT
812 .5MHOAC NL 83 ROOT TUBER SlUDGE, FIELD. MATURITY 0 ROOT TUBER
813 .5MHOAC NL 95 ROOT TUBER SLUDGE. FIELD. MATURITY 88.1 ROOT TUBER
814 .5MHOAC NL 124 ROOT TUBER SLUDGE, FIELD, MATURITY 92.9 ROOT TUBER
815 .5MHOAC NL 93 ROOT TUBER SLUDGE, FIELD. MATURITY 98.7 ROOT TUBER
8US .5MHOAC Nt 48 ROOT TUBER SLUDGE, F!ELD. MATURITY 0 ROOT TUSER
817 .5MHOAC NL 72 ROOT TUBER SLUDGE. FIELD. MATURITY 0 ROOT TUBER
818 .6MHOAC NL 87 ROOT TUBER SLUDGE, FIELD, MATURITY 0 ROOT TUBER
819 .5MHOAC NL 112 ROOT TUBER SLUDGE, FlELD, MATURITY 52.8 ROOT TUBER
820 NL NL SLUDGE. FIELD. MATURITY 0 BULB
821 NL NL SLUDGE. FIELD, MATURITY 0 BULB
822 NL NL : SLUDGE, FIELD, MATURITY 77.8 : BULB
823 NL NL SLUDGE, FIELD. MATURITY 93.9 BULB
824 NL NL SLUDGE, FIELD. MATURITY 0 BULB
825 NL NL SLUDGE. FIELD. MATURITY 0 BULB
826 NL NL SLUDGE. FIELD. MATURITY 0 BULB
827 NL NL SLUDGE, FIELD, MATURITY 38.1 BULB
828 NL 46 BULB SLUDGE, FIELD, MATURITY 0 BULB
829 NL 141 BULB SLUDGE. FIELD, MATURITY 0 BULB
830 NL 139 BULB SLUDGE, FIELD, MATURITY 0 BULB
831 . NL NL BULB SLUDGE, FIELD, MATURITY 99 BULB
832 NL 54 BULB SLUDGE, FIELD, MATURITY 0 BULB
833 NL 71 BULB SLUDGE, FIELD, MATURITY 0 BULB
834 NL 114 BULB SLUDGE, FIELD. MATURITY 0 BULB
835 NL 136 BULB SLUDGE, FIELD, MATURITY 36.4 BULB
836 .5 M HOAC 31 NL SLUDGE FIELD MATURITY 0 BULB

F-356



TABLE F·4 (cont.1

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

799 NO
..

800 NO
801 NO
802 NO
803 NO
804 NO
805 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
806 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
807 POSSIBLE SLUDGE UNUSUALLY HIGH IN Nt (51001 AND ZN (114001
808 NO
809 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
810 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
811 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
812 NO ..
813 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11:4001
814 POSSIBLE ; SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (11 <4001

·815 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
816 NO
817 NO
818 NO
819 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
820 NO '.
821 NO i

822 POSSIBLE , SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
823 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
824 NO
825 NO
826 NO
827 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
828 NO
829 NO
830 NO
831 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
832 NO
833 NO
834 NO
835 POSSIBLE SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
836 NO
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TABlE f.4 (cont.)

LOCATION
OF

STUDY

799 MINNESOTA
800 MIINNIESOTA
801 M1IINNIESOTA
802 MIININESOTA
803 MININESOTA
804 WOODTHORNE, U.K.
805 WOODTHORNE, U.K.
808 WOODTHORNE U.K.
807 WOODTHORNE, U.K.
808 WOODTHORNE, U.K.
809 WOODTHORNE, U.K.
810 WOODTHORNE, U.K.
811 WOODTHORNE, U.K.
812 WO,ODTHORNE, U.K.
813 WOODTHORNE, U.K.
814 WOODTHORNE, U.K.
815 WOODTHORNE, U.K.
818 WOODTHO'RNIE, U.K.
817 WOODTHORNE, U.K.
818 WOODTHORNE, U.K.
819 WOODTHORNE, U.K.
820 WOODTHORNE, U.K.
821 WOODTHORNE, U.K.
822 WOO'DTHORNE, U.K.
823 WOODTHORNE, U.K.
824 WOODTHORNE, U.K.
825 WOODTHORNE, U.K.
828 WOODTHORNE, U.K.
827 WOODTHORNE, U.K.
828 WOODTHORN,E, U.K.
829 WOODTHORNE, U.K.
830 WOODTHORNE, U.K.
831 WOODTHORNE, U.K.
832 WOODTHORNE, U.K.
833 WOODTHORNE, U.K.
834 WOODTHORNE, U.K.
835 WOODTHORNE, U.K.
836 WOODTHORNE U.K.
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TABLE F-4 (cont.1

, SLUDGE SLUDGE SLUDGE SLUDGE
LITERATURE PLANT SLUDGE VOL SOLIDS AI Ca Cd

CITATION NAME CULTIVAR pH % % % maiko

837 WILLIAMS 1977 SWEDE
838 WILLIAMS 1977 SWEDE
839 WILLIAMS 1977 SWEDE
840 WlWAMS 1977 SWEDE
841 WILLIAMS 1977 SWEDE
842 WILLIAMS 1977 SWEDE
843 WILLIAMS 1977 SWEDE
844 WILLIAMS 1977 LmUCE
845 WILLIAMS 1977 LmUCE
848 WIUIAMS 1977 LETTUCE
847 WILLIAMS 1977 LETTUCE
848 WILLIAMS 1977 LETTUCE
849 WILLIAMS 1977 LETTUCE ,

850 WILLIAMS 1977 LETTUCE ..
851 WILLIAMS 1977 LmUCE i I

852 KING. MORRIS 1972 RYE 1.42
853 KING. MORRIS 1972 RYE 1.42
854 KING. MORRIS 1972 RYE 1.42
855 KING • MORRIS 1972 RYE 1.42
858 KING. MORRIS 1972 RYE 1.42
857 KING. MORRIS 1972 RYE 1.42
858 KING. MORRIS 1972 RYE 1.42
859 KING. MORRIS 1972 RYE 1.42
880 KING. MORRIS 1972 RYE : " 1.42
881 KING • .MORRIS 1972 RYE 1.42
882 KING. MORRIS 1972 RYE 1.42
883 KING. MORRIS 1972 RYE 1.42
884 KING. MORRIS 1972 RYE 1.42
385 KING. MORRIS 1972 RYE 1.42
888 KING. MORRIS 1972 RYE 1.42
887 WEBBER 1972 RED BEET
888 WEBBER 1972 RED BEET
889 WEBBER 1972 RED BEET
870 WEBBER 1972 RED BEET
871 WEBBER 1972 RED BEET
872 WEBBER 1972 RED BEET
873 WEBSl:R 1972 CELERY
874 WEBBER 1972 CELERY
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TABlE f.4 (Go,nt.)

SWDGE SWDGE SLUDGE SLUDGE SLUDGE SLUDGe SLUDGE SWD'GE SLUDGE SLUDGE
Cr Cu F. N Ni P Pb Zn SOUDS BIIOLOGICAL

malka malka % % malka malka IlKJlka malka CONTNT PROCESSIN'G

837 100 6100 11400 AIR DRIED
838 100 6100 11400 AIIR D'RIED
839 100 6100 11400 AIR DRIED
840 100 6100 11400 AI'RDRIED
841 100 6100 11400 AIIR DRIED
842 100 6100 11400 AIIR D'RIED
843 100 5100 11400 AIR DRIED
844 100 6100 11400 AIIR D'RIED
845 100 5100 11400 AIR DRIED
846 100 6100 11400 AIR DRIED
847 100 5100 11400 AI,RDRIIED
848 100 5100 11400 AIR DRIED
849 100 6100 11400 AIR DRIED
850 100 6100 11400 AIR DRIED -
861 100 5100 11400 AIRD'RIED
862 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
863 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
854 453 :U8 25 0.79 2415 0.08 ANAEROBICAllY DIGESTED
855 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
858 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
857 453 2.98 25 0.79 2415 0.08. ANAEROBICALLY DIGESTED
858 453 2.98 25 0.79 2415 0.08 ~ ANAEROBICALLY DIGESTED
859 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DI'GESTED
860 453 2.98 : 25 0.79 2415 0.08 ANAEROBI'CALLY DIGESTED
881 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
882 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
863 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
884 453 2.98 25 0.79 2415 0.08 ANAEROBICALLY DIGESTED
885 453 2.96 25 0.79 2415 0.08 ANAERO'BICALLY DIGESTED
888 453 2.98 25 0.79 2415 0.08 ANAERO'BICAlLY DIGESTED
887
888 240 1100 210 3000
889 60 4800 58 48000
870 eo 4600 58 48000
871 240 1100 210 3000
872 60 4600 58 48000
873
874 240 1100 210 3000
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TABLE F-4 (cont.)

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SiNCE LAST . TAXONOMIC SERIES SOIL

STABILIZATN Ma/hll Ma/hll APPLICATN NAME NAME TeXTURE

837 56 56 11 lS
838 112 112 11 LS
839 224 224 11 lS
840 0 0 11 LS
841 58 56 11 lS
842 112 112 11 LS
843 224 224 11 LS
844 0 0 12 LS

845 58 56 12 , lS
848 112 112 12 lS
847 224 224 12 lS
848 0 0 12 :, LS
849 56 58 12 lS
850 112 112 12 " lS
851 224 224 12 LS
852 0 0 , 0 TYPIC HAPLUDUlT CECil SCL
853 28.5 28.5 0 TYPiCHAPLUDULT CECIL SCl
854 52.5 52.5 0 TYPIC HAPLUDUlT CECil SCl

·855 60 60 0 TYPIC HAPlUDUlT CECil SCl
858 120 120 0 TYPIC HAPLUDUlT CECil SCL
857 0 0 0 TYPIC HAPlUDUlT CECIL SCl
858 15.1 41.8 0 TYPIC HAPLUDUlT CECIL SCl
859 30 82.5 0 TYPIC HAPLUDULT CECil SCl
860 60 : 120 0 TYPIC HAPLUDUlT : CECil SCl
881 120 240 0 TYPIC HAPLUDUlT CECIL SCl
862 0 0 0 TYPIC HAPLUDUlT CECiL SCl
883 15.1 41.8 0 TYPIC HAPLUDULT CECIL SCL
884 30 82.5 0 TYPIC HAPLUDULT CECIL SCL
865 60 120 0 TYPIC HAPLUDULT CECIL SCL
868 120 240 0 TYPIC HAPlUDUlT CECIL SCL
887 0 0 0
868 125.5 125.5 2
869 ·125.5 125.5 2
870 125.5 125.5 2
871 31.4 94.2 0 !

~

872 31.4 94.2 0
873 0 0 0
874 125.5 125.5 2
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TABILE F--t 'ooot.1

SANO SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIiL LOADiJNiG

% % % cmollkll % DH RATE Ika/hllll

837 1.2 6.7 840
838 1.2 8.7 1280
839 1.2 8.7 25150
840 1.2 7.2 0
841 1.2 7.2 840
842 1.2 7.2 1280
843 1.2 7.2 2580
844 1.2 8.5 0
845 1.2 8.5 840
848 1.2 8.5 1280
847 1.2 8.5 2580
848 1.2 7 0

849 1.2 7 840
850 1.2 7 1280
851 1.2 7 2580
852 5.2 0
853 NR 71
854 NR 142
855 NR 180
858 NR 380
857 5.2 0
858 5.1 171
859 NR 342
8150 : : 4.5 488
881 4.2 972
882 LIMED 0
883 LIMED 171
884 LIMED 342
885 LIMED 488
888 LIMED 972
887 8.1 0
888 NR 377
889 NR 1004
870 NR 2008
871 NR 283
872 NR 1004
873 6.1 0

874 NR 377
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TABLE F-4 (cont.1

SOIL Zn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTiON COMPONENT

EXTRACTANT maiko malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

837 .5MHOAC 90 NL SLUDGE. FIELD. MATURITY 0 BULB
838 .5MHOAC 188 NL SLUDGE. FIELD. MATURITY 70.3 BULB
839 .5 MHOAC 278 NL SLUDGE. FIELD. MATURITY 100 BULB
840 .5MHOAC 31 NL SLUDGE. FIELD. MATURITY 0 BULB
841 .5MHOAC 90 NL SLUDGE, FIELD, MATURITY 0 BULB
842 .5MHOAC 188 NL SLUDGE, FIELD, MATURITY 0 BULB
843 .5 MHOAC 278 NL SLUDGE, FIELD, MATURITY 0 BULB
844 .5MHOAC 47 NL SLUDGE. FIELD. MATURITY 0 LEAF
845 .5MHOAC 115 NL SLUDGE, FIELD, MATURITY 0 LEAF
848 .5MHOAC 194 NL SLUDGE. FIELD, MATURITY 30 LEAF
847 .5MHOAC 334 NL SLUDGE, FIELD. MATURITY 98.3 LEAF
848 .5MHOAC 47 NL SLUDGE, FIELD, MATURITY 0 LEAF
849 .5MHOAC 115 NL SLUDGE, FIELD, MATURITY 0 LEAF
850 .5MHOAC 194 NL .. SLUDGE, FIELD, MATURITY 23.7 LEAF
851 .5 MHOAC 334 NL -: SLUDGE, FIELD. MATURITY 28.4 LEAF
852 NR NR \ SLUDGE. FIELD, MATURITY 0 FORAGE
853 NR NR SLUDGE. FIELD, MATURITY 34' FORAGE
854 NR NR SLUDGE, FIELD. MATURITY 0 FORAGE
855 NR NR SLUDGE, FIELD, MATURITY 0 FORAGE
858 NR NR SLUDGE, FIELD. MATURITY 0 FORAGE'
857 NR 32 FORAGE SLUDGE, FIELD. MATURITY 0 FORAGE
858 NR 150 FORAGE SLUDGE, FIELD. MATURITY 41" FORAGE
859 NR 232 FORAGE SLUDGE. FIELD. MATURITY 0 FORAGE
880 NR 340 : FORAGE SLUDGE, FIELD MATURITY 0 : FORAGE'
881 NR 775 FORAGE SLUDGE, FIELD, MATURITY 80 FORAGE
882 NR 30 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE
863 NR 108 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE
884 NR 188 FORAGE SLUDGE, FIELD, MATURITY 0 FORAGE

·885 NR 251 FORAGE SLUDGE, FIELD. MATURITY 0 FORAGE
888 NR 579 FORAGE SLUDGE, FIELD, MATURITY 58 FORAGE
887 .5MHOAC 8.9 SLUDGE, FIELD, MA.TURITY 0 TOTAL BIOMASS
888 .5MHOAC 91 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
869 .5MHOAC 485 SLUDGE. FIELD. MATURITY 58 TOTAL BIOMASS
870 .5MHOAC 744 SLUDGE. FIELD. MATURITY 100 TOTAL BIOMASS
871 .5MHOAC 81 SLUDGE, FIELD. MATURITY 0 TOTAL BIOMASS
872 .5MHOAC 147 SLUDGE. FIELD. MATURITY 0 TOTAL BIOMASS
873 .5MHOAC 8.9 SLUDGE. FIELD. MATURITY 0 STALKS
874 .5 M HOAC 91 SLUDGE FIELD MATURITY 0 STALKS
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TABLe F-4 (con>t.)

YIELD YfJElD
REDUCTION COMPON,ENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

837 NO
838 POSSIBLE SLUDGE UNUSUAUY HIGH IN NI151OO1 ANID ZN (114001
839 POSSIBLE SLUDGE UNUSUALLY HIGH liN NI (51001 AND ZN (114001
840 NO
841 NO
842 NO
843 NO
844 NO
845 NO
848 POSSIBLe SLUDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
847 POSSIBLe SLUDGE UNUSUALLY HIGH I,N NI (51001 AND ZN (114001
848 NO
849 NO
850 POSSIBLE SLUDGE UNUSUAUY HI'GH IN NI151oo1 AND ZN (114001
851 POSSIBLE SLlJDGE UNUSUALLY HIGH IN NI (51001 AND ZN (114001
852 NO ,

853 NO· ·DOSE RESPONSE NOT CONSISTENT
854 NO
855 NO
858 NO
857 NO
858 NO· ·DOSE RESPONSE Ii TISSUE ZN CONCENTRATION ARE NOT CONSiSTENT. PH<5.5
859 NO. , ,,

I

860 NO I
: :

881 POSSIBLE PH<5.5 1-4.21
882 NO
883 NO
884 NO
885 NO
888 POSSIBLE LOADING IN EXCESS OF AGRONOMIC RATES. PH UNKNOWN AND QUESTIONABLE
887 NO
868 NO
869 POSSIBLE HIGH ZN SLUDGE (48000 MGIKGIBLENDED WITH LOWER ZN SLUDGE WAS USED
870 POSSIBLE HIGH ZN SLUDGE (48000 MG/KGIBLENDED WITH LOWER ZN SLUDGE WAS USED
871 NO
872 NO
873 NO
874 NO
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TABLE F-4 (cont.)

LOCATION
OF

STUDY

837 WOODTHORNE. U.K.
838 WOODTHORNE. U.K.
839 WOODTHORNE. U.K.
840 WOODTHORNE, U.K.
841 WOODTHORNE, U.K.
842 WOODTHORNE, U.K.
843 WOODTHORNE. U.K.
844 WOODTHORNE. U.K.
845 WOODTHORNE. U.K.
848 WOODTHORNE. U.K.
847 WOODTHORNE. U.K.
848 WOODTHORNE, U.K.
849 WOODTHORNE. U.K.
850 WOODTHORNi. U.K.
851 WOODTHORNE. U.K.
852 GEORGIA
853 GEORGIA
854 GEORGIA
855 GEORGIA
858 GEORGIA
857 GEORGIA
858 GEORGIA
859 GEORGIA
880 GEORGIA
881 GEORGIA
862 GEORGIA
863 GEORGIA
864 GEORGIA
865 GEORGIA.
886 GEORGIA
867 LEEDS. U.K.
868 LEEDS. U.K.
869 LEEDS, U.K.
870 LEEDS. U.K.
871 LEEDS. U.K.
872 LEEDS. U.K.
873 LEEDS. U.K.
874 LEEDS U.K.
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TABilE F-4 (oo,ol.)

SLUDGE StUD'GE SLUOGE SWDGE
UTERATUR:E PilANT SLUDGE VOLSOUDS AI Cs Cd

CITATION NAME CUtTlVAR pH % % % moJka

875 WEBiBfR 1972 CELERY
8715 WEBBER 1872 CELERY
877 WEBBER 1972 CELERY
878 WEBBER 1972 CELERY
879 WEBBER 1972 CELERY
880 WEBBER 1972
881 PI,ETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307
882 PI'ETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307
883 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307
884 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.6 3.3 307
885 PIHZ ET AL. 1983 CO'RN PIONEER 3517 7.6 46 1.5 3.3 307
886 PIETZ ET AL. 1983 CO'RN PlON'EER 3517 7.6 46 1.4 3.3 307
887 PIETZ ET AL. 1983 CO'RN PION,EER 3517 7.6 46 1.4 3.3 307
888 PIETZ HAL. 1983 CORN PIONEEfU517 7.6 46 1.3 3.3 307
889 PIETZ ET AL. 1983 CO'RN PIONEER 3517 7.6 46 1.6 3.3 307
890 PIETZ ET AL. 1983 CORN PION,EER 3517 7.6 46 1.5 3.3 307
891 PIETZ ET AL. 1983 CO'RN PlON:EER 3517 7.6 46 1.4 3.3 307
892 PIETZ ET AL. 1983 CORN PION:EER 3517 7.6 46 1.4 3.3 307
893 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307
894 PI'ETZ ET AL 1983 CORN PlO'NEER 3517 7.6 415 US 3.3 307
895 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 415 1.5 3.3 307
8915 PI,ETZ ET AL. 1983 CORN PIONEER 3517 7.6 415 1.4 3.3 307
897 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.4 3.3 307
B98 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.3 3.3 307
899 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.15 3.3 307
900 PIETZ ET AL. 1983 CORN PIONEER 3517 7.6 46 1.5 3.3 307
901 PIETZ ET AL. 1991 CORN PlON'EER 3517 7.6 46 1.4 3.3 285
902 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 415 1.4 3.3 285
903 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285
904 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285
905 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 285
906 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 180
907 .PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 180
908 PI'ETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
909 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
910 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
911 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 • 20 0.67 3.9 53
912 PIETZ ET AL. 1991 CORN PIONEER 3617 7.6 46 1.4 3.3 265
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TABLE F-4 (cont.)

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE
Cr Cu Fe N Ni P Pb Zn SOLIDS BIOLOGICAL

malka malka % % malka malka malka malka CONTNT PROCESSING

875 60 4800 58 48000
876 60 4800 58 48000
877 240 1100 210 3000
878 60 4800 58 48000
879
880
881 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
882 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
883 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
884 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY.ANAER DIGEST. LAGOON
885 ·3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
886 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
887 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
888 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
889 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
890 3505 1471 5.1 5.1"" 369 3.42 '1258 4872 0.04 SECONDARY, ANAER DIGEST. LAGOON
891 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON
892 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON
893 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST. LAGOON
894 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST. LAGOON
895 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST. LAGOON
896 3505 1"471 5.1 5.1 , 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST, LAGOON
897 3505 1471 5.1 5.1 ' 369 3.42 .1258 4872 0.04' SECONDARY, ANAER DIGEST, LAGOON
898 3505 1471 5.1 5.1: 369 3.42 1258 4872 0.04 SECONDARY, ANAER DIGEST. LAGOON
899 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAERDIGEST, LAGOON
900 3505 1471 5.1 5.1 369 3.42 1258 4872 0.04 SECONDARY. ANAER DIGEST. LAGOON
901 3505 1471 4.3 4.5 425 3.42 850 3800 0.045 SECONDARY. ANAER DIGEST. LAGOON
902 3505 1471 4.3 4.5' 425 3.42 850 3600 0.05 SECONDARY, ANAER DIGEST. LAGOON
903 3505 1471 4.3 4.5 425 3.42 850 3800 0.054 SECONDARY, ANAER DIGEST. LAGOON
904 3505 1471 4.3 4.5 425 3.42 850 3800 0.052 SECONDARY, ANAER DIGEST. LAGOON
905 3505 1471 4.3 4.5 425 3.42 850 3600 0.052 SECONDARY. ANAER DIGEST. LAGOON
906 3505 1471 4.3 4.5 425 3.42 850 3600 0.05 SECONDARY.ANAER DIGEST. LAGOON
907 3505 1471 4.3 . 4.5 425 3.42 850 3600 0.046 SECONDARY. ANAER DIGEST. LAGOON
908 775 460 2.2 0.5 116 0.87 293 1100 0.66 SECONDARY. ANAER DIGEST. LAGOON
909 775 460 2.2 0.5 116 ·0.87 293 1100 0.65 SECONDARY. ANAER DIGEST, LAGOON
910 775 460 2.2 0.5 116 0.87. 293 1100 0.3 SECONDARY. ANAER DIGEST. LAGOON
9U 679 454 1.9 0.5 121 0.62 259 1146 0.69 SECONDARY. ANAER DIGEST. LAGOON
912 3505 1471 4.3 4.5 425 3.42 850 3600 0.045 SECONDARY. ANAER DIGEST LAGOON
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TABlE 1=-4 (oo,nt.)

SWDGE' ANiNLSWDGE CUMML SLUDGE YEARS SO'IIL SOliL
CHEMICAL LOADNG RATE LOADING RATE SINCE LAST TAXONOMIC SERI,ES SO'IIL

STABJUZATN Malhe MaJ'he APPUCATN NAME NAME TEXTURE

875 125.5 125.5 2
876 125.5 125.5 2
877 31.4 94.2 0
878 31.4 94.2 0
879
880
881 POILYMfR.FECL3 0 0 STRIP MINE SPOIL
882 POLYMfR.FECL3 0 0 STRIP MINE SPOIL
883 POLYMER.FECL3 0 0 STRIP MINE S·POIL
884 POLYMER.FECL3 0 0 STRIP MINE SPOIL
885 POLYMER.FECL3 0 0 STRIP MilNE SPOIL
886 POLYMER.FECL3 3 3 STRIIP MIN'E SPOIL
887 POLYMER.FECL3 12.8 15.8 0 STRIP MINE SPOIL
888 PO'LYMER.FECL3 12.4 28.1 0 STRI'P MINE SPOIL
889 POLYMER.FECL3 14.3 42.4 0 STRIP MINE SPOIL
8910 POLYMER.FECL3 19.5 81.9 0 STRIP MINE SPOIL
891 POLYMER,FECL3 8 8 0 STRIP MINE SPOIL
892 POLYMER.fECL3 26.6 31.6 0 STRIP MINE SPOIL
893 POLYMER.FECL3 29.8 81.3 ft STRIP MINE SPOIL.,
894 POLYMER.FECL3 28.8 89.9 0 STRIP MINE SPOIL
895 POLYMER.FECL3 39 128.9 0 STRIP MI'NE SPOIL
898 POLYMER.FECL3 11.9 11.9 0 STRIP MINE SPOIL
897 POLYMER.FECL3 61 82.9 0 STRIP MINE SPOIL
898 POLYMER.FECL3 69.8 : 122.5 0 STRIP MINE SPOIL :

899 POLYMER.FECL3 57.1 179.8 0 STRIP MilNE SPOIL
9,00 POLYMER.FECL3 78 257.8 0 STRIP MINE SPOIL
901 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL
902 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
903 POLYMER.FECL3 0 0 0 STRIP MINE SPO'IL
904 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
905 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
906 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
907 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
908 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
909 PDLYMER.FECL3 0 0 0 STRIP MINE SPOIL
910 POLYMER.FECL3 0 0 0 STRIP MINE SPOIL
911 POLYMER,FECL3 0 0 0 STRIP MINE SPOIL
912 POLYMER FECL3 16.1 78 0 STRIP MINE SPOIL
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TABLE F-4 (cant.)

SAND SILT CLAY SOIL SOIL CUMM Zn
CONTENT CONTENT CONTENT CEC OC SOIL LOADING

% % % cmollka % pH RATE (kg/ha)

-
.875 NR 1004
876 NR 2008
877 , NR 283
878 NR 377
879
880
881 12.6 0.25 7.8 0
882 12.6 0.25 7.8 0
883 12.6 0.33 7.8 0
884 12.6 0.33 7.8 0
885 12.8 0.33 7.8 0
886 12.8 0.33 7.8 15
887 12.8 0.27 7.8 79
888 12t6 0.41 7.8 142
889 ! 12.6 i 0.41 7.8 212
890 12.6 0.59 7.8 331
891 12.6 0.35 7.8 30
892 12.8 0.3 7.8 158
893 12.8 0.3 7.8 284
894 12.8 0.5 7.8 424
895 12.8 0.5 7.8 862
898 .! 12.8 0.33 7.8 80
897 12.8 0.33 7.8 316
898 : 12.8 : 0.76 7.8 568
899 12.8 0.78 7.8 848
900 12.8 1.22 7.8 1324
901 0.33 7.5 0
902 0.44 7.5 0
903 0.44 7.5 0
904 0.36 7.5 0
905 0.36 7.5 0
906 0.46 7.5 0
907 ; 0.46 7.5 0

. 908 0.73 1.5 0
909 0.73 7.5 0
910 0.7 7.5 0
911 0.7 7.5 0
912 0.59 7.5 415
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TABlE F-4 loont.l

SO'IIL Zn PLANTZn PLANT YIIELD YIIELD
SOlt CONCENTRTN CONCENTRTN TISSUE DESCRIIPTI'O'N OF REDUCTION COMPONIENT

EXTRACTANT molko maiko SAMPtED EXPERIMENTAL DESIGN % MEASURED

875 .5MHOAC 485 SLUDGE FIELD. MATURITY 0 STALKS
876 .5MHOAC 744 SLUDGE, FIELD. MATURITY 58 STALKS
877 .5MHOAC 81 SLUDGE FliELD. MATURITY 0 STALKS
878 .5MHOAC 147 SLUDGE, FliELD, MATURITY 0 STALKS
879
880
881 0.1 M HCI 3.4 15 LEAF AIELD. SLUDGE, MATURITY 0 GRAIN
882 0.1 MHCI 4.5 13 LEAF FIIELD. SLUDGE. MATURITY 0 GRAIN
883 0.1 MHCI 3.9 21 LEAF FI!ELD. SLUDGE. MATURITY 0 GRAIN
884 0.1 M HCI 9.5 33 LEAF FIELD. SLUDGE, MATURITY 0 GRAIIN
885 0.1 M HCI 9.4 33 LEAF FIELD, SLUDGE. MATURITY 0 GRAIN
888 0.1 M HCI 4.3 34 LEAF FI!ELD, SLUDGE, MATURITY 0 GRAIN
887 0.1 M HCI 8.5 43 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
888 0.1 M HCI 20.8 74 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
889 0.1 MHCI 30.8 109 LEAF FIELD. SLUD'GE, MATURITY 0 GRAIN
890 0.1 M HCI 18.1 81 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
891 0.1 M HCI 3.7 43 LEAF FIIELD. SLUDGE, MATURITY 0 GRAIN
892 0.1 M HCI 9.1 51 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
893 0.1 M BCI 50.3 93 LEAF FIIELD, SLUDGE, MATURITY 0 GRAIN
894 0.1 MHCI 43.3 124 LEAF FIIELD, SLUDGE, MATURITY 0 GRAIN
895 0.1 M HCI 32.8 132 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
898 0.1 M HCI 3.8 80 LEAF ; FIIELD, SLUDGE, MATURITY 0 GRAIN
897 0.1 M HCI 10.3 72 LEAF FIELD, SLUDGE. MATURITY 0 GRAIN

: 898 0.1 M HCI 114 121 : LEAF FIELD, SLUDGE, MATURITY 0 : GRAIN
899 0.1 M HCI 82 191 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
900 0." M HCI 77.5 200 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
901 0.1 M HCI 14 49 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
902 0.1 MHCI 20.4 85 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
903 0.1 MHCI 25.8 42 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
904 _0.1 MHCI 22.5 54 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
905 0.1 M HCI 22.3 53 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
908 0.1 M HCI 28.1 34 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
907 0.1 M BCI 33.4 58 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
908 0.1 M HCI 42 88 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
909 0.1 M HCI 58.8 24 LEAF FIELD. SLUDGE. MATURITY 0 GRAIN
910 0.1 M HCI 58.3 28 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
911 0.1 M HCI 74.5 31 LEAF FIELD. SLUDGE. MATURITY 0 GRAIN
912 0.1 M HCI 49.6 114 LEAF FIELD SLUDGE MATURITY 29.5' GRAIN
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TABLE F·4 (cont.)

YIELD YIELD
REDUCTION COMPONENT METAL

% MEASURED PHYTOTOXICITY COMMENTS

875 NO
876 POSSIBLE HIGH ZN SLUDGE (48000 MG/KG)BLENDED WITH LOWER ZN SLUDGE WAS USED
877 NO
878 NO
879 .
880
881 0 STOVER NO
882 0 STOVER NO
883 0 STOVER NO
884 0 STOVER NO
885 0 STOVER NO
886 0 STOVER NO
887 0 STOVER NO
888 0 STOVER NO ..
889 0 STOVER NO
990 0 STOVER NO
891 0 STOVER NO
892 0 STOVER NO .
893 0 STOVER NO
894 0 STOVER NO
895 0 STOVER NO
896 0 STOVER NO
897 0 STOVER NO !

898 0 STOVER NO : :

899 0 STOVER NO
900 0 STOVER NO
501 0 STOVER NO
e02 0 STOVER NO
903 0 STOVER NO
904 0 STOVER NO
905 0 STOVER NO
906 0 STOVER NO
907 0 STOVER NO "

908 0 STOVER . NO

909 0 STOVER NO
910 0 STOVER NO
911 0 STOVER NO
912 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSISTANT OTHER FACTORS
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TABLE F-4 (oon,r.)

LOCATIO,N
OF

STUDY

875 LEEDS. U.K.
876 LEE.DS. U.K.
877 LEEDS. U.K.
878 LEEDS. U.K.
879
880
881 FULTON COUNTY.ILUNO'IS
882 FULTON COUNTY.ILUN'O'IS
883 FULTON COUNTY.ILUNOIS
884 FULTON COUNTY.liWNOIIS
885 FULTON COUNTY. ILLINOIS
886 FULTON COUNTY.ILLINO'IS
887 FULTON COUNTY. IWNOIS
888 FULTON COUNTY• .LLlINOIS
889 FULTON COUNTY. ILLINOIS
890 FULTON COUNTY'. IWNOIS
891 FULTON COUNTY.liWNOIS
892 FULTON COUNTY. ILLINOIS
893 FULTON COUNTY. ILUNOIS
894 FULTON COUNTY.ILUNOIS
895 FULTON COUNTY.ILUNOIS
898 FULTON COUNTY.IWNOIS
897 FULTON COUNTY.IWNOIS
898 FULTON COUNTY.IWNOIS
899 FU'lTON COUNTY.IWNO'IS
9,00 FULTON COUNTY.IWNOIS
9,01 FULTON COUNTY. ILLINOIS
902 FULTON COUNTY. ILUNOIS
903 FULTON COUNTY. ILLINOIS
904 FULTON COUNTY. ILUNOIS
905 FULTON COUNTY"IWNOIS
906 FULTON COUNTY.ILUNOIS
907 FULTON COUNTY.IWNOIS
9,08 FULTON COUNTY. ILLINOIS
909 FULTON COUNTY. ILLINOIS
910 FULTON COUNTY. ILLINOIS
911 FULTON COUNTY. ILLINOIS
912 FULTON COUNTY ILLINOIS
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TABLE F-4 (cont.)

• '., ; r.~•• _J_

SLUDGE SLUDGE SLUDGE SLUDGE
UTERATURE PLANT SLUDGE VOLSOUDS AI Ce Cd

CITATION NAME CULTIVAR pH % % % mal1<a

913 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
914 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
915 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
916 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
917 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
918 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
919 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
920 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 20 3.1 0.71 71
921 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
922 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.87 3.9 53
923 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 46 1.4 3.3 265
924 PIETZ [T AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
925 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
928 PIETZ ET AL. 1991 CORN PIONEEIU517 7.6 "8 1.4 3.3 265
927 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 265
928 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 46 1.4 3.3 160
929 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 "8 1." 3.3 160
930 PIETZ ET AL. 1991 CORN PIONEER 3617 7.6 20 3.1 0.71 71
931 PIETZ ET AL. 1991 CORN PIONEER 3617 7.8 20 3.1 0.71 71
932 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 30 3.1 0.71 71
933 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.87 3.9 53
934 PIETZ ET AL. 1991 CORN PIONEER 3517 7.6 "8 1.4 3.3 265
936 PIETZ ET AL. 1991 CORN 'PIONEER 3517 7.8\ <4e 1.4 3.3 265
938 : PIETZ ET AL. 1991 CORN : PIONEER 3517 7.8 48 1.4 3.3 :265
937 PIETZ ET AL. 1991 CORN PIONEER 3617 7.8 48 1.4 3.3 265
938 PIETZ ET AL. 1991 CORN PIONEER 3617 7.6 48 1.4 3.3 265
939 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 48 1.4 3.3 160
940 PIETZ ET AL. 1991 CORN PIONEER 3617 7.8 "8 1.4 ·3.3 180
941 PIETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71
942 PlETZ ET AL. 1991 CORN PIONEER 3517 7.8 20 3.1 0.71 71
943 PIETZ ET AL. 1991 CORN PIONEER 3377 7.8 30 3.1 0.71 71
944 PIETZ ET AL. 1991 CORN PIONEER 3377 7.6 20 0.87 3.9 53

F-373



TABLE 14 (00,",1.)

- .t- ~.

SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SLUDGE SWDGE SLUDGE
Cr Cu Fe N Nil P Ph Zn SOUDS BIOLOGICAL

maiko molko % % maiko maiko molko maiko CONTNT PROCESSliNG

913 3505 1471 4.3 4.5 425 3.42 850 3800 0.05 SECON'DARY, ANAER DIGEST, LAGOON
914 3505 1471 4.3 4.6 425 3.42 850 3800 0.054 SECONDARY, ANAER DIGEST, LAGOON
915 3505 1471 4.3 4.5 425 3.42 850 3800 0.052 SECONDARY. ANAER DIGEST, LAGOON
9UI 3505 1471 4.3 4.6 425 3.42 850 3800 0.052 SECONDARY, ANAER DIGEST, LAGOON
917 3505 1471 4.3 4.6 425 3.42 850 3800 0.06 SECONIDARY, ANAER DIGEST LAGOO'N
918 3505 1471 4.3 4.6 425 3.42 850 3600 0.046 SECONDARY, ANAER DIGEST, LAGOON
919 775 480 2.2 0.6 118 0.87 293 1100 0.66 SECONDARY, ANAER DIGEST, LAGOON
920 775 480 2.2 0.6 118 0.87 293 1100 0.66 SECON'DARY, ANAER DIGEST, 1.AGOON
921 776 480 2.2 0.6 118 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON
922 879 454 1.9 0.6 121 0.82 259 1148 0.69 SECONDARY, ANAER DIGEST, LAGOQiN
923 3506 1471 4.3 4.6 426 3.42 860 3800 0.045 SECONDARY, ANAER DIGEST, LAGOON
924 3505 1471 4.3 4.6 425 3.42 860 3600 0.05 SECONDARY, ANAER DIGEST, LAGOON
925 3505 1471 4.3 4.6 425 3.42 860 3600 0.054 SECONDARY, ANAER DIGEST, LAGOO'N
928 3505 1471 4.3 4.6 425 3.42 860 3800 0.052 SECONDARY. ANAER DIGEST, LAGOON
927 3605 1471 4.3 4.6 425 3.42 860 3800 0.052 SECONDARY, ANAER DIGEST, LAGOON
928 3606 1471 4.3 4.6 425 3.42 860 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON
929 3605 1471 4.3 4.5 426 3.42 860 3800 0.048 SECONDARY, ANAER DIGEST, LAGOON
930 776 480 2.2 0.6 118 0.87 293 1100 0.88 SECONDARY, ANAER DIGEST, LAGOON
931 775 480 2.2 0.5 118 0.87 293 1100 0.85 SECONDARY, ANAER D'IGEST, LAGOON
932 775 460 2.2 0.6 118 0.87 293 1100 0.3 SECONDARY, ANAER DIGEST, LAGOON
933 879 454 1.9 0.5 121 0.82 259 1148 0.89 SECONDARY, ANAER DIGEST, LAGOO'N
934 3605 1471 4.3 4.6 425 3.42 860 3800 0.045 SECONDARY, ANAER D'IGEST, LAGOON
935 3605 1471 4.3 4.5 425 3.42 860 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON
938 3605 1471 4.3 4.5 425 3.42 860 :3800 0.054 SECONDARY, ANAER DIGEST, LAGOON
937 3605 1471 4.3 4.5 425 3.42 850 3800 0.052 SECONDARY, ANAER DIGEST, LAGOON
938 3606 1471 4.3 4.5 425 3.42 860 3800 0.062 SECONDARY, ANAER DIGEST, LAGOON
939 3605 1471 4.3 4.6 425 3.42 860 3800 0.05 SECONDARY, ANAER DIGEST, LAGOON
940 3505 147~ 4.3 4.5 425 3.42 860 3800 0.048 SECONDARY, ANAER DIGEST, LAGOON
941 775 460 2.2 0.6 118 0.87 293 1100 0.88 SECO'NDARY, ANAER DIGEST, LAGOON
942 775 460 2.2 0.6 118 0.87 293 1100 0.85 SECO'NDARY, ANAER DIGEST, LAGOON
943 775 460 2.2 0.5 118 0.87 293 1100 0.3 SECO'NDARY, ANAER DIGEST, LAGOO'N
944 879 454 1.9 0.5 121 0.82 259 1148 0.89 SECONDARY ANAER DIGEST. LAGOON
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TABLE F-4 (cont.1

," ,.-
;"'.,1.'. '-0'·

SLUDGE ANNLSLUDGE CUMML SLUDGE YEARS SOIL SOIL
CHEMICAL LOADNG RATE LOADNG RATE SINCE LAST TAXONOMIC SERIES SOIL

STABILIZATN Malha Malha APPLICATN NAME NAME TEXTURE

913 POLYMER.FECL3 19.9 97.9 0 STRIP MINE SPOIL
914 POLYMER.FECL3 17.4 115.3 0 STRIP MINE SPOIL
915 POLYMER,FECL3 11.4 126.7 0 STRIP MINE SPOIL
918 POLYMER.FECL3 18.8 143.5 0 STRIP MINE SPOIL
917 POLYMER.FECL3 17.9 161.4 O. STRIP MINE SPOIL
918 POLYMER.FECL3 16.8 178.2 0 STRIP MINE SPOIL
919 POLYMER.FECL3 16.8 195 0 STRIP MINE SPOIL
920 POLYMER.FECL3 16.8 211.8 0 STRIP MINE SPOIL
921 POLYMER.FECL3 18.8 228.8 , 0 STRIP MINE SPOIL
922 POLYMER.FECL3 18.8 245.4 0 STRIP MINE SPOIL
923 POLYMER.FECL3 32.2 181.1 0 STRIP MINE SPOIL
924 POLYMER.FECL3 39.8 200.9 0 STRIP MINE SPOIL
925 POLYMER.FECL3 34.8 235.7 0 STRIP MINE SPOIL
928 POLYMER.FECL3 22.8 258.5 0 .. STRIP MINE SPOIL
927 POLYMER.FECL3 34.9 293.4 0 STRIP MINE SPOIL
928 POLYMER.FECi,3 35.8 329.2 ' 0 STRIP MINE SPOIL
929 POLYMER.FECL3 33.8 382.8 0 STRIP MINE SPOIL
930 POLYMER.FECL3 33.8 398.4 0 STRIP MINE SPOIL
931 POLYMER,FECL3 33.8 430 0 STRIP MINE SPOIL
932 POLYMER,FECL3 33.8 483.8 0 STRIP MINE SPOIL
933 POLYMER,FECL3 33.8 497.2 0 STRIP MINE ,SPOIL
934 POLYMER.FECL3 84.3 321.9 0 STRIP MINE SPOIL
935 POLVMER.FECL3 79.7 401.8 ,0 STRIP MINE SPOIL
936 POLYMER FECL3 89.8 471.4 0 : STRIP MINE SPOIL
937 POLYMER.FECL3 45.5 518.9 0 STRIP MINE SPOIL
938 POLYMER.FECL3 88.8 585.7 0 STRIP MINE SPOIL
939 POLYMER,FECL3 71.7 857.4 0 STRIP MINE SPOIL
940 POLYMER.FECL3 87.2 724.8 0 . STRIP MINE SPOIL ,

941 POLYMER.FECL3 67.2 791.8 0 STRIP MINE SPOIL
942 POLYMER.FECL3 67.2 859 0 STRIP MINE SPOIL
943 POLYMER.FECL3 87.2 928.2 0 STRIP MINE SPOIL
944 POLYMER FECL3 67.2 993.4 0 STRIP MINE SPOIL
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TABLE F-4loont.)

SANO SILT CLAY SOIL SO'I!L CUMM Zn
CONTENT CONTENT CO'NTENT CEe oc SOlt LOAD'I,N'G

% '" '" cmoUka % DH RATE lkalhal

913 0.94 7.5 508
914 0.94 7.5 692
915 0.87 7.5 835
918 0.87 7.5 895
917 0.87 7.5 748
918 0.1117 7.6 795 '
919 1.41 7.5 851
920 1.41 7.5 890
921 1.25 7.6 940
922 1.25 7.5 973
923 (1.94 7.5 830
924 0.94 7.5 1018
925 1.58 7.6 1184
926 1.58 7.5 1270
927 1.04 7.5 1390
928 1.04 7.6 1492
929 1.48 7.5 1590
930 1.48 7.5 1702
931 2.15 7.5 1780
932 2.15 7.5 1880
933 1.9 7.5 1948
934 1.22 7.5 1880
935 3.02 7.5 2032
938 : : 3.02 7.5 :2388
937 1.58 7.5 2540
938 1.58 7.5 2780
939 2.38 7.5 2984
940 2.38 7.5 3180
941 3.47 7.5 3404
942 3.47 7.5 3580
943 2.77 7.5 3780
944 2.77 7.5 3892
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TABLE F-4 (cant.)

t. ~... """ ._~ I.'.

SOILZn PLANT Zn PLANT YIELD YIELD
SOIL CONCENTRTN CONCENTRTN TISSUE DESCRIPTION OF REDUCTION COMPONENT

EXTRACTANT malka malka SAMPLED EXPERIMENTAL DESIGN % MEASURED

913 0.1 M HCI 59.7 101 LEAF FIELD. SLUDGE. MATURITY NA GRAIN
914 0.1 M HCI 133 97 LEAF AELD, SLUDGE. MATURITY 0 GRAIN
915 0.1 MHCI 90.8 76 LEAF FIELD. SLUDGE, MATURITY 0 GRAIN
916 0.1 MHCI 82.2 53 LEAF FIELD, SLUDGE. MATURITY 0 GRAIN
917 0.1 M HCI 118 60 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
918 0.1 M HCI 113 94 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
919 0.1 M HCI 171 88 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
920 0.1 M HCI 198 34 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
921 0.1 M HCI 175 41 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
922 0.1 M HCI 174 38 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
923 0.1 M HCI 89.1 201 LEAF AELD, SLUDGE, MATURITY 21.5- GRAIN
924 O,lMHCI 102 197 LEAF FIELD, SLUDGE, MATURITY NA GRAIN
925 0.1 M HCI 268 183 LEAF AELD, SLUDGE. MATURITY 0 GRAIN
928 0:1 M HCI 211 115 LEAF F~LD,SLUDGE,MATURITY 0 GRAIN
927 0.1 M HCI 195 132 LEAF AELD, SLUDGE, MATURITY . 0 GRAIN
928 0.1 M HCI 269 121 LEAF AELD, SLUDGE. MATURITY 0 GRAIN
929 0.1 M HCI 261 174 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
930 0.1 M HCI 317 128 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
931 0.1 M HCI 328 55 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
932 0.1 MHCI 293 42 LEAF AELD SLUDGE. MATURITY 0 GRAIN
933 0.1 M HCI 335 41 LEAF AELD,SLUDGE,MATURITY 43.7- GRAIN
934 0.1 M HCI 182 317 LEAF AELD, SLUDGE MATURITY 23- GRAIN
935 0.1M HCI 214 348 LEAF AELD,SLUDGE,MATURITY NA GRAIN
938 0.1 M HCI : 358 325 LEAF FIELD. SLUDGE,: MATURITY 0 GRAIN
937 0.1 M HCI 442 252 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
938 0.1 MHCI 332 245 LEAF AELD SLUDGE, MATURITY 0 GRAIN
939 0.1 M HCI 534 294 .LEAF FIELD. SLUDGE MATURITY 0 GRAIN
940 0.1 M HCI . 491 298 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
941 0.1 M HCI 889 195 LEAF AELD, SLUDGE, MATURITY 0 GRAIN
942 0.1 MHCI 398 87 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
943 0.1 MHCI 492 84 LEAF FIELD, SLUDGE, MATURITY 0 GRAIN
944 0.1 MHCI 519 48 LEAF FIELD SLUDGE MATURITY 59.2- GRAIN
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TABle F-4 (oonU

'.!*~ :-'""", ~

YIELD YIIELD
REDUCTION COMPO'N'ENT METAL

"" MEASURED PHYTOTOXICITY COMMENTS

913 NA STOVER NO
914 0 STOVER NO
915 O' STOVER NO
918 0 STOVER NO
917 0 STOVER NO
918 0 STOVER NO
919 0 STOVER NO
920 0 STOVER NO
921 0 STOVER NO
922 0 STOVER NO
923 0 STOVER "NO "DOSE RESPO'NSE AND TISSUE ZN CONCENRATION NOT CONSISTANT, OTHER FACTORS
924 NA STOVER NO
925 0 STOVER NO
928 0 STOVER NO ..
927 0 STOVER NO
928 0 STOVER NO
929 0 STOVER NO
930 0 STOVER NO
931 0 STOVER NO
932 0 STOVER NO
933 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATIO'N NOT CONSISTANT, OTHER FACTORS
934 0 STOVER "NO "DOSE RESPONSE AND TISSUE ZN CONCENRATION NOT CONSISTANT, OTHER FACTORS
935 NA STOVER NO :

938 0: STOVER NO : :

937 0 STOVER NO
938 0 STOVER NO
939 0 STOVER NO .
9<40 O· STOVER NO
941 0 STOVER NO
942 0 STOVER NO
943 0 STOVER NO
944 0 STOVER "NO "DOSE RESPONSE.• TISSUE ZN CONCENTRATION NOT CONSISTENT OTHER FACTORS
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TABLE F-4 (cont.1

LOCATION
OF

STUDY

913 FULTON COUNTY, ILLINOIS
914 FULTON COUNTY, ILLINOIS
915 FULTON COUNTY, ILLINOIS
918 FULTON COUNTY, ILLINOIS
917 FULTON COUNTY, ILLINOIS
918 FULTON COUNTY, ILLINOIS
919 FULTON COUNTY, ILLINOIS
920 FULTON COUNTY, ILLINOIS
921 FULTON COUNTY,ILLINOIS
922 FULTON COUNTY,ILLINOIS
923 FULTON COUNTY,ILLINOIS
924 FULTON COUNTY,ILLINOIS
925 FULTON COUNTY,ILLINOIS
928 FULTON COUNTY,ILLINOIS
927 FULTON COUNTY,ILLINOIS
928 FULTON COUNTY,ILLINOIS
929 FULTON COUNTY, ILLINOIS
930 FULTONCOUNTY,ILLINOIS
931 FULTON COUNTY,ILLINOIS
932 FULTON COUNTY,ILLINOIS
933 FULTON COUNTY, ILLINOIS
934 FULTON COUNTY, IlLINOIS
935 FULTON COUNTY, ILLINOIS
938, FULTONCOUNTY,ILLINOIS
937 FULTON COUNTY,ILLINOIS
938 FULTON COUNTY, ILLINOIS
939 FULTON COUNTY,IWNOIS
940 FULTON COUNTY, ILLINOIS
941 FULTON COUNTY, ILUNOIS
942 FULTON COUNTY,ILLINOIS
943 FULTON COUNTY, ILLINOIS
944 FULTON COUNTY IWNOIS
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APPENDIXG

Accumulation of Pollutant in Treated Soil, and Calculation of
Square Wave for the Ground Water Pathway





APPENDIX G

ACCUMULATION OF POLLUTANT IN TREATED SOIL, AND
CALCULATION OF "SQUARE WAVE" FOR GROUND-WATER PATHWAY

Derivation of reference application rates is based on t1}e concept that both metals and

organic pollutants accumulate in soil with repeated application of sewage sludge. It is assumed

that all competing loss processes for pollutant in soil can be approximated as first-order, and

that coefficients descnbing the rate of loss to each process can be summed to yield a total or

"lumped" coefficient for first-order loss.

For organic pollutants, it is assumed that sewage sludge will be applied repeatedly until

steady-state is achieved. In other words, organic pollutants will accumulate in the soil until total

yearly losses through erosion, degradation, leaching, and volatilization (which are assumed to be

proportional to the concentration in soil) catch up with yearly loadings of pollutant to soiL

All loss processes are assumed to be first-order, and arecoombined into a "lumped" first­

order loss process for which losses at any time t can be descnbed as:

where:

d~
-=-~~
dt

(1)

=
=

mass of pollutant in treated soil at time t (kg/ha)
lumped, first-order loss rate for pollutant (yr-l)

Figure G-1 shows expected concentrations of BAP in treated soil as a function of time,

based on a unit yearly loading of 1 kg/ha and a yearly total loss rate of 0.484. At the beginning

of each year, a new application of sludge raises the concentration by about 1 kg/ha. Subsequent

losses to leaching, degradation, erosion, and volatilization (at total estimated rate of Ku,t=0.484

yr-l ) then reduce the concentration until the next year's application. If pollutant loading to
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Figure G-l. HAP in soil by time (~), per annual loading (1 kgIha).
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treated soil is approximated as a continuous process, the mass of pollutant in soil after t years of

sewage sludge applications can be approximated by:

(2)

_ AR (1 -~t)- - -e
K.ot

where:

M. =
AR =
Km, =

mass of pollutant in treated soil at time t (kglha)
annual loading of pollutant to soil (kg/haeYe)
lumped, first-order loss rate for pollutant (yr-!)

As t approaches infinity M. approaches ARJK..., and yearly loss approaches yearly loading.

Figure G-2 plots annual losses of BAP as a function of the number of repeat

applications of sewage sludge (and 1 kg/ha.annualloading of BAP). As can be seen from the

graph, the theoretical limit of 1 kg/ha annual loss has been nearly achieved after about 10 years

of repeat applications. BecauseBAP has the-low~st estimated--totalloss rate of any organic

pollutant considered in this analysis, other organic pollutants should approach steady-state

conditions more quickly. Calculation of reference application of pollutant is based on the

assumption that steady-state has been achieved.

For metals, the reference application of pollution is expressed in terms of cumulative

loadings. According t.o the loss coefficients calculated for metals in this analysis, arsenic is lost

most rapidly from treated soil, and lead least rapidly. Figure G-3 shows how the cumulative

loading of arsenic in treated soil would vary wi!h 50 years of repeat applications of sludge with 1

kg/ha loading of arsenic. With a total loss rate of 0.12 per year, .arsenic approaches a steady­

state concentration equal to about 8 times its annual loading. Figure. G-4 shows corresponding

yearly losses of arsenic. After about 10-20 years, yearly losses closely approximate yearly

loadings of 1 kg/ha. Lead, the least mobile of the metals evaluated, is depleted from treated

soil at an estimated annual rate of only 0.0073 per year. Under an idealized scenario of

unlimited applications of sludge (not used for this analysis) and a unit loading of 1 kg/ha, the

accumulation of lead in soil would be descnbed by Figure G-5. Because of its low rate of loss,
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Figure G-S. Arsenic in soil as function· of time, given unlimited applications (1 kgIha).
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lead concentrations would increase significantly each year for the first 500-600 years of repeat

applications. As shown in Figure G-6, yearly losses would not begin to approximate yearly

loadings for several centuries.

Reference application rates of pollutant for metals are based on cumulative loadings to

treated soil, but the contamination of well-water or surface water bodies is also affected by the

period of time in which this cumulative loading takes place. Assumptions are therefore

required if maximum allowable cumulative loadings are to be calculated. It is assumed that

metals are loaded into treated soil through 20 consecutive, yearly applications of sewage sludge;

after 20 years, applications are discontinued. Figure G-7 and Figure G-8 show how these

assumptions affect the predicted concentration and annual losses of arsenic for these

calculations. With 20 consecutive loadings of arsenic at 1 kglha, yearly concentrations and losses

are expected to increase each year, until they reach a maximum of about 0.9 kglha in the 20th

year. Thereafter, annual losses decline as the store of accumulated arsenic is depleted from the

soil.

Ideally, derivation of reference application rates would be based on functions similar to

the one graphed in Figure G-8, but for computational reasons a simplified loading is used as

input for the unsaturated zone (VADOFI) component of the ground-water model. It is

assumed that pollutant is loaded into the top of the unsaturated zone as a "square wave" of

constant magnitude and finite duration. To capture the risks associated with the peak rate at

which pollutant leaves the soil layer, the peak loss rate (calculated for the 20th year of

application) is used for the calculations. To conserve mass, the assumed duration of this loading

is constrained so that the product of the loss rate and the length of the square wave is equal to

the cumulative total mass of pollutant loading for the site. For arsenic, the peak loss rate is

calculated as:

where:

L ,.. 1- e(~.20 x 20)
-x

:: O.909(kgJha·yr)

maxim'Jm loss rate of pollutant (kg/haeyr)

G-8
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Figure G-6. Total loss of arsenic per year, per annual loading (1 kWha).
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Figure G-8. Total loss of lead per year (hWha eyr), per annual loading (1 kWha)·
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At this maximum rate, a cumulative loading of 20 kg/ha would be depleted in:

(4)

where:

maximum loss rate of pollutant (kg/haeyr)

The square wave thus computed for arsenic is included in Figure G-8.

As mentioned earlier, reference application rates for organic pollutants on land

application sites are derived for steady-state conditions. At steady state, the amplitude of the
"

"square wave" pulse for the groundwater pathway model is therefore equal to the unit loading of

pollutant (1 kg/ha) multiplied by the fraction of annual loss attributable to leaching. The length

of the square wave is equal to the length of the simulation (300 years). For landfills and surface
•

impoundments, both organic and metal pollutants are regulated based on the concentration of

pollutant in the sludge. Steady-state assumptions are therefore inappropriate, and the loading

of both organic and metal pollutants to the unsaturated zone is represented as a square wave.

In Sumtllary, all of the calculations in our derivation of reference application rates are based on

the assumption that pollutant losses to competing loss processes can be described as first-order.

All calculations within the mass balance, air pathway, and erosion pathway components of our

model are based on first-order loss processes. Calculation of a reference application rate for

the groundwater pathway also involves the assumption that losses are first-order, but a

simplifying step is required in executing the groundwater pathway model. For metals in land­

applied sewage sludge, and for both metals and organic pollutants in sewage sludge disposed in

landfills or surface impoundments, the pollutant pulse into the unsaturated zone is

approximated as a square wave. Dimensions of this square. wave pulse are set to approximate

conditions based on first-order, mass balance calculations.
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APPENDIXH

PARTITIONING OF POLLUTANT AMONG AIR, WATER,
AND SOLIDS IN SOIL

Calculations used to derive reference application rates for ground water, surface water,

and air pathways are based on the assumption that equihDrium is maintained between

concentrations of pollutant in the air-filled pore space, the water-filled pore-space, and the solid

particles of soil. Equilibrium partitioning between dissolved and gaseous phases is described by

Henry's Law constants; partitioning between adsorbed and dissolved phases is descnoed by soil- .

water partition coefficients. From these assumptions and the definitions of concentration are

derived the equations used to descnoe partitioning.

and:

Mele =-
• M•

Mete =­
t V

t

M_e =-­.. v ...
Meae =-

• V• •
(1)

(2)

Mea + M_ + Mea
= ---==---~---=v. + V.. + v.

where:
C. =
M.. =

~ M. =
c.. =
Mar =
V. =
C. =
Me =
v· =•c. =
Mcc =
V, =
V. =

concentration of adsorbed pollutant on soil particles (kg/kg)
mass of adsorbed pollutant (kg)
mass of soil (kg) .
concentration of dissolved pollutant in soil (kg/m3)
mass of dissolved pollutant (kg)
volume of water in soil (m3

)

concentration of gaseous pollutant in soil QcgIm')
mass of gaseous pollutant (kg)
volume of air in soil (m')
total concentration of pollutant in soil (kgIm')
total mass of pollutant in soil (kg)
total volume of soil (m')
volume of solids in soil (m')

H-!·



The equilibrium distn"bution coefficient between adsorbed and dissolved phases (KD, m3/kg) can

be defined as:

"\.

(3)

where:
KD :=

M.. ....
M. =
M..., :=

V.. ==

partitioning coefficient between solids and liquids (lIkg)
mass of adsorbed pollutant (kg)
mass of soil (kg)
mass of dissolved pollutant (kg)
volume of water in soil (m3)

The dimensionless Henry's law constant (H) descn"bing the partitioning between gaseous and

dissolved phases is defined as:

. C. (~)H---
C. (~) (4)

where:
Mc. =
V. ==
M..., :=

V. ==

mass of gaseous pollutant (kg)
volume of air in soil (m')
mass of dissolved pollutant ~)
volume of water in soil (m')

The bulk density of soil (BD, kglm') is defined as:

MBD :z_&

Vt
(5)

where:
BD =
M. =
VI =

bulk density of soil in mixing zone (kg/m')
mass of soil (kg)
total volume of soil (m')

H-2



The air-filled porosity of soil (8J is defined as:

v.
8 =-
• Vt

(6)

where:
8•.
V.
V t

as:

=
=
=

air-filled porosity of soil (unitless)
volume of air in soil (m3

)

total volume of soil (m3
)

v'"8 =­
w V

t

(7)

where:
8w
Vw
V t

=
=
=

water-filled porosity of soil (unitless)
volume of water in soil (In3

)

total volume of soil (m3
)

and, the total pOrosity of soil (8J is defined as:

8 = _(V......:t:--_V.=...)
t V

t

=8. + 8..,

(8)

where:
8t
V t

V.
8.
8w

=
=
=
=
=

total porosity of soil (unitless)
total volume of soil (m3

)

volume of air in soil (m3
)

air-filled porosity of soil (unitless)
water-filled porosity of soil (unitless)

The above definitions can be combined to yield:

Ct = KD BD + 8", + 8
C. H H •

and: .

Ct •
-=BDKD+8 +H8
C "'.

'"
and:

H-3

(9)

(10)



Cc Ow O.1i
-:=BD+-+-
C. KD 1m

(11)

where:
~ :=

C :=•KD =
BD =
H ==
Ow =
O. ==
C. =
C.l ...

total concentration ofpollutant in soil (kglm?)
concentration of gaseous pollutant in soil (kgIm3)

soil-water distn"bution coefficient for pollutant (m3/kg)
bulk density of soil (kgIm3)
nondimensio931 Henry's Law constant for the pollutant
water-filled porosity of soil (unitless)
air-filled porosity of soil (unitless)
concentration of dissolved pollutant in soil (kgepollutantlm3)

concentration of adsorbed pollutant in treated soil (kg/kg)

These relations are used throughout the calculations used to derive reference application rates.

Where dry-weight concentrations of pollutant in sewage sludge or sewage sludge-treated soil are

involve~ the equations are modified slightly, based on the definition:

Met
Cdw := -

M.

Met
V,BD

(12)

where:
C...
~
M.
V,
BD
~

:=:

=
=

dIy-weight concentration of pollutant in soil (kg pollutant/kg)
total mass of pollutant in soil (kg)
mass of soil (kg)
total volume of soil (m3)

bulk density of soil (kgIm3)
total concentration of pollutant in soil (kg/m3)
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APPENDIX I

DERIVATION OF FIRST.ORDER COEFFICIENT
FOR LOSSES TO LEACIDNG

U.S. EPA (1987e) provides· an equation for computing"a·first'"Order loss rate to leaching

for pollutant in treated soil:

_? NR
~ = BDKD ~

(1)

where:

Ksec =
NR =
BD =
KD =
~ =

first'"Order loss rate coefficient for leaching (yr-l)
annual recharge rate (m/yr)
bulk density of soil (kglm3

)

soil-water distn'bution coefficient for pollutant (m3/kg)
depth of incorporation of sewage sludge (M)

This appendix descn'bes a modified version of that equation.

The basic strategy for deriving a coefficient for first'"Order loss to leaching is to estimate

the mass of pollutant expected to be lost each year and divide by the available mass of pollutant.

The mass of pollutant that will be lost to leaching in any interval of time can be descn'bed by

the volume of water percolating through the treated so~ multiplied by the average concentration

of pollutant in that water:

FAaw = NR <1ec 1,000 (2)

where:

F~w =
NR =
~ =
1,000 =

flux of leached pollutant from treated soil (kgIhaeyr)
recharge to ground water beneath the treated soil (m'/mZeyr, or m/yr)
concentration of pollutant in water infiltrating through the treated soil
(kgIm') .
constant to convert units from (kglmZeyr) to (kgIhaeyr)
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From Appendix H, the concentration of pollutant in leachate is related to the total

concentration (by volume) of pollutant in soil as:

c "" ~
'II •

BD-X:O + a'll + H-e.
(3)

where:

c.., "'"
Cc "'"
BD =
KD =
8w =
Ii =
8. =

concentration of dissolved pollutant in soil (kgepollutantlm3)

total concentration of pollutant in treated soil (kgIm3)

bulk density of soil (kgIm3)

soil-water distn"bution coefficient for pollutant (m3/kg)
water-filled porosity of soil (wlitless)
Henry's Law Constant for pollutant (unitless)
air-filled porosity of soil (unitless)

This flux of pollutant must be translated into a first-order loss coefficient so tha~:

d~
- .. _lr' C
dt ~ t

where:

(4)

=
=
=

total concentration of pollutant in treated soil (kg/m3)
time (yr)
first-order loss rate coefficient for leaching (yr-l)

Ks.e is estimated with the approximation:

where:

(5)

=
=

first-order loss rate coefficient for leaching (yr0l)
total concentration of pollutant in treated soil (kgIm3)
time (yr) .
one year
mass of pollutant in soil (kg)
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The volume of treated soil beneath one square meter of soil surface ( m3tm1
) is equal to

the depth to which sewage sludge has been incorporated into the soil (<1;, m). The total mass of

pollutant beneath one square meter of surface can therefore be descnbed by:

(6)

.'
:

=C At'"1

Combining these equations with results from Appendix H yields:

(7)
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APPENDIXJ

INPUT PARAMETERS USED TO DERIVE REFERENCE APPUCATION
RATES FOR PATHWAYS 12 THROUGH 14

This· appendix discusses. input .parameters used to derive reference application-rates for

land application.

J.1 SITE PARAMETERS

Values for input parameters used to cha-racterize land application sites are listed in

Table J-l, and discussed below.

J.1.1 Area of Land Application Sit.!

The land application site area (A...) 6(0)74 ha is baSed on an analysis of the National

Sewage Sludge Survey (NSSS) and represents the 90th percentile of land area estimated to have

been treated by those POTWs in the analytic. component of the survey reporting the application

of sewage sludge to agricultural land

J.1.2 Watershed Area

The area of the watershed (A..,.) is assumed to be 440,300 ha, the mean size hydrologic

cataloguing unit as defined.by the U.S Geological Survey (U.S. EPA, 199Oa). It is assumed that

the entire watershed is w.ed for agricultural purposes, so that the topography, cover, and other

characteristics of the remainder of the watershed are identical to those of the sludge

management area (SMA).
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TABLEJ..1

SITE AND SLUDGE PARAMETERS FOR LAND APPLICATION

Sludge Management Area (A. hal

Watershed Area (Aws. hal

Depth of Incorporation for Sewage Sludge (~ ID)

Lateral Distance to Well (m)

Width of Buffer Zone (m)

Wind Velocity (wm/sec)

Average Air Temperature (T, OK)

Number of Applications of Sewage Sludge

Yearly Loss to Soil Erosion(d., ID/yr)

1,0748

440,300"

O.ISc

o
10

4.Sd

~

20'
0.{)()()6()I

~,"::

8 90th perCentile of land area estimated to be treated annually by those POlWs in the
analytic component of the National Sewf.ge Sludge Survey.
It Mean size hydrologic cataloging unit (U.S. EPA, 1990a).
C U.S. EPA (1987e).
• Typical value for u.S. (U.S; EPA. 199OC):
• Federal Registu (19860).
f lYPical site life (U.S. EPA. 1983d).
& USDA (1987).
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J.1.3 Depth of Incorporation for Sludge

It is assumed that sewage sludge is incorporated into treated soil to a depth (d;) of 6

inches or 15 em (U.S EPA, 1987e).

J.1.4 Distance to Well

As a worst-case exposure scenario, it is assumed that the highly exposed individual lives

at the down-gradient edge of the land application site: ~e distance from the down-gradient edge

of the SMA to the potential well is assumed to be 0 meters.

J.leS Width of Buffer Zone

The 'iYidth of the buffer zone between the SMA and the nearest body of surface water is

assumed to be 10 meters. Abuffer zone of identical width is also assumed to protect all'

remaining surface water within the watershed.

J.1.6 Velocity of Wind at the Ground Surface

Wind velocity (w) affects the transpoI1_<>.tvolatilized PQllutant from the site. A value of

45 m/s~ (10 mph) has been selected for wind velocity at the ground surface. This value

represents a typical annual wind speed in the United States (U.S. EPA, 1990c).

J.l.7 Air Temperature

The model air temperature (1) of 15°C represents the annual average for the U.S.

(Federal Register, 19800).
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J.l.8 Number of Applications of Siudae

For organic pollutants, reference application rates are expressed as an annual loading

(kg/haeyr) at which sewage sludge can be applied indefinitely without exceeding reference water

or air concentrations. For metals, reference application rates are expressed as a maximum

cumulative loading (kg/ha) independent of the number of times sewage sludge is applied.

Nevertheless, deriving reference application rates for metals requires that the number of

applications of sewage sludge be specified to determine the length of time required for pollutant

to be depleted from the site. It is assumed that the modeled land application site receives

annual applications of sewage sludge for 20 consecutive years. This value M is consistent with

the "useful life of application sites" descnoed by U.S. EPA (1983d).

J.l.9 Yearly Loss of Soil to Erosion

The model erosion rate (dJ of 0.00060 rn/yr represents a weighted average of annual soil

loss rates presented in the Soil Conservatioll Survey SummaI}' Report (USDA, 1987). The

average value has been converted from 3.8 tons/acreeyr based on an assumed bulk density of
1,400 kg/m3 for treated soil.

J.2 SOIL PARAMETERS

The unsaturated zone is characterized by pore space containing both air and water,

whereas the pore space in the saturated zone contains water only: Because of differences in

fluid mechani<;s, these two zones require different equations and input parameters for tracking

pollutant transport. A simplifYing assumption used fol' deriving reference application rates is
..

that the basic soil characteristics (including soil type, porosity, and bulk density) of the two

zones are identical. Values for parameters descnoing the mixing, unsaturated, and saturated
. soil zones are I'rovided in Table J-2.
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TABLE J-2

SOIL AND HYDROLOGIC PARAMETERS
FOR LAND APPLICATION

...
r
.~

:.t
"

;.;

Soil Type

Porosity of Sewage Sludge/Soil

Bulk Density of Sewage Sludge/Soil (kglm3
)

Bulk pensity of Soil in Unsaturated and Saturated Zones
(kg/m3

)

Saturated Hydraulic Conductivity of Soil (mlhr)

Water Retention Parameters

Fraction of Organic Carbon in Soil or Sewage Sludge

Mixing Layer

Unsaturated Zone

Saturated Zone

Depth to Groundwater (m)

Net Recharge or Seepage (mlyr)

Thickness of Aquifer (m)

Hydraulic Gradient

Total Suspended Solids in Surface Water (mgll)

Sand

0.01

0.0001

• Todd (1980), Carsel and Panish (1988).
b Chaney (1992b).
C Based on porosity of 0.4. Frcczeand Cherry (19'19).
d 95th percentile value from Carsel and Parrish (1988).
o Mean values reported for sand in Carse! and Panish (1988).
r Lower bound of range reported in Federal Register (1986e).
I Conservative value.
h Average of range reported in Federal Register (1986c).
i Average value for groundwater surveyed in Federal Register (1986c).
j Geometric mean of values reported in U.S. EPA's STORET data base, U.S. EPA (1992a).

J-S



J.2.1 Soil Type

The type of soil in the mixina zone, unsaturated and saturated zones affects the ability of

a pollutant to move vertically to the aquifer and laterally to a nearby well. In general, the

pollution potential of a soil is largely affected by the type of clay present, the shrink/swell

potential of that clay, and the grain size of the soil; that is, the less the clay shrinks and swells

and the s~aUer the grain size of the soil, the less the pollution potential associated with that

soil. Soil types in the unsaturated zone in order of increasing pollution potential are: (1)

nonshrinking clay, (2) clay loam, (3) silty loam, (4) loam, (5) sandy loam, (6) shrinkir.tg clay, (7)

sand, (8) gravel, and (9) thin or absent soil (U.S. EPA, 1985a).

Sand has been selected as a reasonable worst case soil to use in model scenarios for

defining numerical reference application rates for sludge. Wherever possible values for

parameters descn"bing soil characteristics for model simulations are based on values estimated

for sand w

J.2.2 Porosity of Sewage Sludge/Soil Mixture

Porosity is the ratio of the void volume of a aiven soil or rock mass to the total volume

of that mass. If the total volume is represented by V. and the volume of the voids by Vy , the

porosity can be defined as 8.=Vy I V.. Porosity is usually reported as a decimal fraction or

percentage, and ranges from zero (no pore space) to one (no solids). For soil types with small

particle sizes such as clay, porosity increases to a maximum of around 0.5. Porosities of coarser

media like gravel decrease to a minimum of around 0.3.

For deriving reference application rates, a total porosity of 0.4 has been taken from

Todd (1980). This value is consistent with the average value for sand (0.43) reported in Carsel

and Parrish (1988). It is used to represent total porosity within the mixing unsaturated and

saturated soil zones.
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Effective porosity (Be) is calculated as the difference between the average saturated water

content and the approximate average residual water content, and refers to the amount of

interconnected pore space available for fluid flow. For deriving reference application rates,

average residual water content in the unsaturated zone is assumed to be less than 0.05, and

effective porosity has been approximated with the same value used for total porosity (0.4) in

mass balance and ground-water transport calculations.

J.2.3 Bulk Density of Sludge/Soil

The bulk density of soil (BD) is defined as the mass of dry soil divided by its total (or

bulk) volume. Bulk density directly influences the retardation of solutes and is related to soil

structure. In general, as soils become more compact, their bulk density increases. Bulk density

can be related to the particl~ density and porosity of a given soil as:

where:

(1)

BD
Pso
at

=
=
=

bulk density of soil (kg/m3
)

particle density of soil (kg/m3
)

porosity of soil (unitless)

Typical mineral soils have particle densities of about 2,650 lcgIm3 (Freeze and Cherry,

1979). This value and a soil porosity of 0.4 suggest a bulk density of about 1,600 kglm3 for pure

soil, somewhat higher than the 1,300-1,500 kg/m3 range typically encountered for soil mixed with

sewage sludge (Chaney, 1992b). For deriving reference application rates, it is assumed that the

bulk density of the mixing zone is 1,400 kg/m3
, and the bulk density of soil in the unsaturated

and saturated zones is 1,600 kglm3
•
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J.2.4 Saturated Hydraulic Conductivity of Soil

Saturated hydraulic conductivity refers to the ability of soil to transmit water, which is

governed by the amount and interconnection of void spaces in the unsaturated or saturated

zones. These voids may occur as a consequence of inter-granular porosity, fracturing, or

bedding planes. In general, high hydraulic conductivities are associated with high potential for

pollution. The value for saturated hydraulic conductivity used for deriving reference application

rates (0.61 m/hr) is the 95th percentile of a probability distnbution for hydraulic conductivity in

sand derived by Carsel and Parrish (1988). "It thus represents a conservative or "reasonable

worst case" value.

J.2.5 Unsaturated Hydraulic Conductivity of Soil

The hydraulic conductivity or effecti\'e permenbility of soil in the unsaturated zone is a

function of its moisture content, which is in turn a function of pressure head. These

relationships are central to the simulation of water flow through the unsaturated zone. The

VADOFT model used to derive reference application rates accepts as inputs sets of data points

descnbing effective permeability-saturation curves and the saturation-pressure head curves.

Alternatively, it accepts van Genuchten water retention parameters defining the curves (U.S.

EPA, 1989c; Carsel and Parrish, 1988); this latter option is used for deriving reference

application rates.

Based on soils data from the USDA Soil Conservation Survey (SCS), Carsel and Parrish

(1988) derived distnbutions for the three parameters required (a.. a, and P) according to twelve

SCS textural classifications. Values used for deriving reference application rates (0.045,

145. m·l , and 2.68 for a.. a, and p, respectively) correspond to mean values reported for sand.
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J.2.6 Fraction of Organic Carbon in Soil or Sludge

The model combines the fraction of organic carbon in the soil with each pollutant's

organic carbon partition coefficient to determine the partitioning of pollutant be~een soil and

water. In general, a lower fraction of organic carbon implies greater mobility for organic

pollutants. The organic carbon content for sludge vades among sludge types, with mean values

for various types showing a relatively narrow range of 27.6-32.6 percent (U.S. EPA, 1983d). It is

conservatively assumed that soil within the upper 15 em of the soil column (or "mixing zone")

contains 1 percent organic carbon. A value of 10-3 has been selected for the fraction of organic

carbon in the unsaturated zone because it is a typical value for sand, and falls at the lower end

of the range (0.001-0.01) reported for soil beneath hazardous waste disposal facilities (Federal

Register, 19800). The fraction of organic carbon (U in the saturated zone is expected to be

lower than that of the unsaturated zone, and has been assigned a value of 10", or one-tenth the

fraction assumed for the unsaturated zone.

J.2.7 Depth to Ground Water

The depth to ground water is defined as the distance from the bottom of the mixing

zone to the water table. The water table is itself defined as the subsurface boundary between

the unsaturated zone (where the pore spaces contain both water and air) and the saturated zone

(where the pore spaces contain water only). It may be present in any type of medium and may

be either pennanent or seasonal. The depth tQ"ground water determines the distance a

pollutant must travel before reaching the aquifer, and affects the attenuation of pollu~ant

concentration during vertical transport. As this depth increases, attenuation also tends to

increase, thus reducing potential pollution of the ground water. A conservative value of 1 m is

assumed for the distance between treated soil and ground water.. \
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J.3 HYDROLOGIC PARAMETERS

Key hydrologic parameters include net rechar!~e or seepage, the thickness of the aquifer,

and the hydraulic gradient. Values used to derive reference application rates are included in

Table J-2 and discussed below..

J.3.1 Net Recharge

The primary source of most ground water is precipitation, which passes through the

ground surface and percolates to the water table. Net recharge is the volume of water reaching

the water table per unit of land, and determines the quantity of water available for transporting

pollutants vertically to the water table and laterally within the aquifer. The greater the recharge

rate, the greater the potential for pollution, up to the point at which the amount of recharge is

large enough to dilute the pollutant. Beyond that point, the pollution potential ceases to

increase and may actually decrease (U.S. EPA, 1985b).

For land application sites, the selected net recharge rate (NR), (0.5 m/yr) represents the

average of a range of values presented in (Federal Register, 1986c).

J.3.2 ,Thickness ,ofAquifer

Saturated zones are considered aquifers unless they lack the permeability to yield

sufficient water. Only true aquifers are considered when selecting input parameters for

calculating reference application rates. For deriving reference application rates, the thickness of

the aquifer is assumed to be 1 m. lbis thickness is assumed to represent reasonable worst-case

conditions and has b~n selected as a matter of policy to ensure that reference application rates

for sewage sludge are sufficiently protective.
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J.3.3 Hydraulic Gradient

The hydraulic gradient is a function of the local topography, ground-water recharge

volumes and locations, and the influence of withdrawals (e.g., well fields). It is also very likely

to be indirectly related to properties of porous media. Although steep gradients are rarely

associated with very high conductivities, no functional relationship exists to express this

relationship.

The hydraulic gradient value selected for deriving reference application rates is 0.005

m/m or 0.5 percent, and is based on an average value for ground waters surveyed for the

Hazardous Waste Management System Land Disposal Restrictions Regulation (Federal Register,

1986c).

J.3A Total Suspended Solids

Calculating the. amounts of pol1utant~rtitioningto liquid and solid phases in surface

water requires a value for suspended solids content. Raw data for total suspended solids in

streams and rivers in the U.S. were obtained from the EPA's STORET data base, under the

field "Total Residue" (U.S. EPA, 1992a). The data consist of annual mean total residues for the

U.S. for the years 1903 through 1991. The geometric mean of these annual values is calculated

as 16.2 mg/l and the median as 16.41 mg/l. A rounded value of 16 mg/l is chosen for the total

suspended solids (1'55) content of the surface water modeled-for this analysis."

J.4 CHEMICAL-SPECIFIC PARAMETERS

J.4.1 Distribution Coefficients

Pollutant transport in soil systems is influenced by interactions between the pollutant and

soil. The affinity of pollutants for soil particles may result from ion exchange on charged sites

or adsorption due to surface forces. When the soil's capacity to attract pollutant is exCeeded,
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soluble pollutants will move through the soil at the same velocity as the bulk leachate. The

affinity between a soil and a pollutant i~ characterized by the distnoution coefficient (KD).

Representative KD values (I/kg or m3/kg) are defined as the equilibrium ratio of the pollutant

concentration in soil (mg/kg) to that in associated water (mgll or mglm3
). Values used for this

analysis are listed in Table J-3.

For organic pollutants KD is calculated from a pollutant's partition coefficient between

organic carbon and water:

KD :: KOC foe

where:

(2)

KD =
KOC =
f..c =

equilibrium partition coefficient for pollutant (m3/kg)
organic carbon partition coefficient (m3/kg)
fraction of soil consisting of orgunic carbon

As discussed in Section J.2.6, f..c values of 0.01, 0.001 and 0.0001 are assumed for the mixing,

unsaturated, and saturated zones, respectively.

The organic carbon partition coefficient for a pollutant is estimated from its octanol­

water partition coefficient, as measured in laboratory experiments. Values of KOC used to

determine reference application rates are shown in Table J-4, and are calculated from the

following regression equation by Hassett et al. (1983): .

log(KOC) :: 0.0884 + 0.9091og(KOW)

where:

(3)

KOW = octanol-water partition coefficient for pollutant

With the exception of PCBs, the KOW values used for this analysis have been obtained from

the CHEMEST procedures in the Graphical Exposure Modeling Systems (GEMS and

PCGEMS), U.S. EPA (1988d, 1989c).
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TABLE J-3

DISTRIBUTION COEFFICIENTS FOR ORGANIC AND INORGANIC POLLUTANTS

Within Sludge Unsaturated Saturated
"Management Area Zone Zone

(1Ikg) (1Ikg) (I/kg)
.~ ::,

Arsenic 20 20 20'.':

"

Cadmium 431 431 ' 431

Chromium 59 59 59

Copper 98 98 98

Lead 621 621 621

Mercury 330 330 330

Nickel 63 63 63

Benzene 1.06 0.106 0.0106
•

Benzo(a)pyrene 4,480 448 44.8

Bis(2-ethylhexyl)phthalate 541 54.1 5.41

Chlordane 1,330 133 13.3

DDT 7,720 772 77.2

Lindane 23.4 2.34 0.234

n-Nitrosodimethylamine 0.00371 0.000371 0.0000371

Polychlorinated biphenyls 15,100 1,510 151

Toxaphene 295 29.5 2.95

Trichloroethylene 1.94 0.194 0.0194

Note: The distnoution coefficient for organic pollutants (KD) is the product of the organic
carbon partition coefficient (KOC) and the fraction of organic carbon in the medium (foc).

Assumes foe of 1 percent for mixing layer, and 0.1 percent and 0.01 percent in the
unsaturated and saturated soil zones, respectively. Distribution coefficients for metals are
geometric means of values reported for "sandy loam" soil in Gerritse et al. (1982).
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TABLE J-4

OCfANOL-WATER AND ORGANIC CARBON PARTITION COEFFICIENTS
FOR ORGANIC POLLUTANTS

LOA: of Octanol- Organic Carbon
Water Partition Partition

Coefficlen~ Coefficient'

Benzene 2.13 106

Benzo(a)pyrene 6.12 448,000

Bis(2-ethylhcxyl)phthalatc 5.11 54,100

Chlordane 5.54 133,000

DDT 6.38 772,000

Lindane 3.61 2,340

n-Nitrosodimethylamine -0.57 0.371

Polychlorinated biphenyls" 6.70 1,510,000

Toxaphcne 4.82 29,500

Trichloroethylene 2.42 194

a All valucs except for PCBs taken from the CHEMEST procedure of the Graphical Exposure
Modeling System (GEMS), U.S. EPA (i989c).
• KOC for organic pollutants derived from KOW with Equation 6 from Chapter 15 of Hassett et
aI. (1983): log(KOC)= 0.0884 + 0.909 log(KOW).
.. Bascd on aroclor 1254, the most common PCB in sewage sludge. Derived from O'Connor
(1992) and representative values from Andcrson and Parker (199()).
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Polychlorinated biphenyls (PCBs) are a elass of chemicals containing 209 possible

congeners. The most common constituent of PCB mixtures is Aroclor 1254, which is dominated

by penta-congeners, with about equal amounts of tetra- and hexa-congeners. In a well-aged soil

contaminated with PCBs, however, Aroelor 1260, which contains more penta- and hexa­

congeners than tetra-congeners, is more representative (O'Connor, 1992). To determine a

representative organic carbon partition coefficient for PCBs, an average has been calculated

from log KOW coefficients listed in Table J-5 (from Anderson and Parker, 1990). The log

KOW for the penta-congener has been estimated to be approximately 65 by noting that the log

KOW values are approximately linearly related to the number of chlorines in the congener.

Averaging that value with the hexa-congener value gives 6.7 for the log KOW. As with other

orgaitic pollutants, the regression equation from Hassett et al. (1983) is uSed to convert this

KOW value to an estimate of KOC.

For metals, separate KD values are used to descnoe the partitioning between water and

soil within the mixing, unsaturated, and satu~ted zones, and the partitioning between .;water and

sediment in the surface water. Values for KD in the mixing zone and the soil zones are taken

from a study by Gerritse et al. (1982) and.represent the results of laboratoty tests with a· sludge­

amended sandy loam topsoil. These values are listed in Table J-3, and represent geometric

means of the ranges provided by Gerritse et al. (1982). Partition coefficients for metals in

surface water are calculated according to the following regression equation provided in (U.S..

EPA, 1982c):

where:

KD = cxTSS~.., (4)

KD. =
TSS =
a,IJ =

partition coefficient for pollutant in stream (m3/kg)
total suspended solids content of the stream (mgll)
pollutant-specific empirical constants

Values for the regression constants for each pollutant are based on data for streams (U.S. EPA,

1982c), and are presented in Table J-6. Estimates are based on an assumed Total Suspended

Solids (TSS)of 16 mg/l, as discussed in Section J.3.4.
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TABLE J-:5

ocrANOL-WATER PARTITION COEFFICIENTS
FOR PCBS-

Number of Chlorines

2

4

S

6

s.s

LogKOW

5.1

6.1

6.5"

6.9

6.7

• Source: Anderson and Parker (1990).
" Estimated based on apparent linear relationship between number of chlorines on
congener and log KOW. .
o log KOW values for penta- and hexa-congeners averaged for representative log KOW.
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TABLE J-6

STATISTICAL PARAMETERS FOR PREDICTING
THE EQmLmRIUM PARTITIONING OF METALS IN SURFACE WATER·

KD..,
.- a. P (I/kg)~
".

~~ Arsenic 0.48xl0' -0.7286 63,700
,~ i
_&;

Cadmium 4.0Oxl0' -1.1307 174,000.'/

Chromium 3.36xl0' -0.9304 255,000

Copper 1.04xl0' -0.7436 132,000

Lead 0.31xl0' -0.1856 185,000

Mercwy 2.91xl0' -1.1356 125,000

Nickel 0.49xl0' -0.5719 100,000

• Source: U.S. EPA (1982c). •
b Kn.w as KD•.,,=a.TSSJI. Assumes TSS=16 mgll.

".:

J-17



.
..~..,

J.4.2 Degradation Rates

Pollutant concentrations in the subs.urface regime may be decreased by various
ill,

degradation processes, including abiotic hydrolysis and aerobic or anaerobic microbial

degradation. Although rates of hydrolysis are dependent only on pH and temperature (and can

be estimated with reasonable accuracy), estimates of rates for mi.91"0bial degradation are fraught

with uncertainty. This uncertainty is due to many confounding influences in the field, such as

substrate availability (fraction of organic carbon present), temperature, the microbial

consortium, and microbial acclimation to a given pollutant. Nevertheless, the range of microbial
III'

degradation rates obtained in the laboratory by measuring the rate of disappearance of a

pollutant in various soil and water grab samples, soil column studies, etc., provides a rough

estimate of the rate at which microbial activity is likely to degrade a particular pollutant in the

field.

As shown in Table J-7, this work utillzes several sources for representative microbial

degradation rates. Where a range of values is reportc~ by these sources, values from the lower

end of the range have been selected to derive estimates most protective of public health.

Studies of biodegradation in soil have been favored over studies of biodegradation in aquatic

"environments. If estimates of only aerobic biodegradation rates are available for a given

pollutant, a half-life for anaerobic biodegradation has been conservatively estimated to be four

times longer (Howard et al., 1991a.) However, if available data fail to show any indication that

a pollutant degraded in a particular regime, a value of zero has been 'assumed for the

degradation rate.

For the zone of incorporation for land treated with sewage sludge, estimated rates of

degradation are based on studies of microbial degradntion under anaerobic conditions.

For the unsaturated soil zone, aerobic microbial degradation and hydrolysis are assumed

to be the two dominant degradation processes. lindane and trichloroethylene are the only two

compounds that undergo hydrolysis: since hydrolysis rates are far more accurately quantifiable

than microbial degradation rates, hydrolysis rates are used for these. two chemicals. For the

other eight organic pollutants, 10 percent of the aerobic biodegradation decay rate is assumed to
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TABLEJ·'

DEGRADATION RATES <K..)

Unsaturated Saturated
Aerobic Anaerobic Zone Zone

Degradation Degradation Degradation Degradation
Rate (yr.l)" Rate (yr.l)1o Rate (yr.l)C Rate (yr·l)~

Benzene 16e OC 1.6 0.8

Benzo(a)pyrene 0.481 0.12h 0.048 0.084

Bis(2-ethylhexyl) phthalate UP ()t.l 1.1 0.55

Chlordane om 3& 0 18

DDT 0.041 . 251< 0.004 1.3

Lindane 1.2m 83° 1.2 4.8

n-Nitrosodimethylamine 5.10 l.3h 0.51 0.9

PCBs 0.063P 0.00063'1 0.0063 0.0035

Toxaphene 1.2'1 • 6' 0.12 3.1

Trichloroethene 0.78" 33' 0.78 2.0

" Based on microbial degradation rates, except for lindane and trichloroethene, where hydrolysis rates
are used.
b Based on microbial degradation rates.
C Estimated as 10 percent of aerobic biodegradation rates. Hydrolysis rates for lindane and
trichloroethene assumed same as aerobic rates.
d Estimated as arithmetic average of the unsaturated zone degradation rates and the anaerobic
degradation rate.
e Vaishnav and Babeu (1987).
f Horowitz et al. (1982)..
g Coover and Sims (1987).
h Anaerobic rate assumed to equal 25 percent of aerobic rate; see text for discussion.
i Howard et al. (1991a).
j Shelton et at. (1984b).
k Castro and Yoshida (1971).
1 Stewart and Chisholm (1971).
m Ellington et at. (1988).
11 Zhang et al. (1982).
a Tate and Alexander (1975).
p Fries (1982).
'I Consensus value agreed upon by the PRC at their March 8, 1991 meeting.
'Howard (1991a).
• Dilling et a1. (1975).
, Bouwer and McCarthy (1983).
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be appropriate for the unsaturated zone. This decision is based on the observation that foe tends

to decrease with depth in the soil, thereby reducing the amount of suitable substrate for
IIII

microbial populations which might degrade these chemicals (O'Connor, 1992).

In the. saturated zone, all three degradation processes can occur be~use some ground

water is anaerobic and some aerobic. To capture this mix of processes, an arithmetic mean has

been calculated from the aerobic and anaerobic biodegradation decay rates discussed above.

For lindane and trichloro~thylene,the only two chemicals where hydrolysis is a significant

degradation process, estimated anaerobic decay rates are significantly higher than hydrolysis

rates.

For PCBs, it is difficult to assign an anaerobic degradation rate. Highly chlorinated
"

congeners may be partially degraded very slowly in reducing conditions, but then oxidative

conditions mUst be established for further degradation to occur. Inadequate information on

anaerobic degradation rates exists m. the scientific literature. For deriving reference application
•

rates, it is conservatively assumed that anaerobic degradation 06 PCBs occurs at 1 percent of the

aerobic biodegradation rate.

Jo4.3 Molecular Weight

The values presented in Table J-8 are stanclald molecular weights for the pollutants of

concern. These weights are used in the vapor loss component of the mass-balance calculations.

J.404 Henry's Law Constants

Henry's Law constants are used to calculate the rate at which organic pollutants

volatilize from sludge. Determinina appropriate values for these constants is complicated by the

wide variation in estimates provided by various sources. Table J-9 shows values taken from four

different sources, along with the value selected for this analysis. Whenever possible, values are

taken from Lyman et a1. (1990); Otherwise values are taken from: the GEMS data base (U.S.
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TABLE J-8

MOLECULAR WEIGHTS FOR ORGANIC POLLUTANTS

Molecular Weight'

Benzene

Benzo(a)pyrene

Bis(2-ethylhexyl)phthalate

Chlordane

DDT

Lindane

n-Nitrosodimethylamine

Polychlorinated biphenyls (Aroclor 1254)

Toxaphene

Trichloroethylene

78.1

252.3

390.6

409.8

354.5

290.8

74.1

325.1

431.8

131.4

•

a Calculated according to WiUce and Lee's method, as descnDed in Lyman et al. (199O~,
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Benzene

Benzo{a)pyrene

Bil(2-othylhexyl)phthl1ato

Chlordane

DDT

n-Nitrosodimethylamine

Lindane

Polychlorinated biphenyls

Toxaphene

Trichloroethylene

GEMS("')
(.tm·m"'mol)

3.5xI0·3

1.9xlO·\Cl

4.4xI0"

2.SxI0"

6.5xI0'"

4.3xI0-4

2.9x10·3

TABLE J-'
HENRY'S LAW CONSTANTS

Lym.1II et Aquatic Selected
PCGEMS("') al.(·) F.te<"') V.lues(t)
(.tm·...'mol) (.tm·m"'m,l) (.tm·m"'mol) (UBitiess) Rc:rereJllu

5.6xl0.3 (M) 5.5xl0·3 5.5xlO·3 2.3x10·\ (d)

8.0xI0·' (a)

1.5xI0·' -- 3.0x10·7 1.9x10-4 (a)

4.9xlO~ eM) -- 9.4x10·' 3.0xlO·3 (c,e)

3,8xlO" 1.6xI0·' 1.6x10·3 (d)

2.6x10·7 ..
3.3xlO·' l.lxIO'" (c)--

1.4x10·' 4.8xlO-7 - 2.0x10·' (d)

1.4x10·2 (g)

6.0xlo-4 eM) -- 2.lx10·\ 2,5xlO'" (c)

1.0x10-2 (M) 1.0x10·2 9.lx10·3 4.2x10·\ (d)

• CHEMEST procedure in U.S. EPA (1988d).
b Values estimated using Ii =VPIWSOL where VP is the vapor pressure and WSOL is the water solubility, unless designated as a
measurement (M).
C CHEMEST procedure in U.S. EPA (1989c).
d Lyman, Reeh1 and Rosenblatt, Handbook of Chemical Property Estimation Methods, McGraw-Hili, 1990,
• U.S. EPA (1982b).

. r Converted to non-dimensiona1 value using H= W(RT) where T = 288°K. R is the Universal Gas Constant and H is the dimensional Henry's
Law constant.' .
I Average values from Anderson and Parker (1990) adjusted to 15°C.
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EPA, 1988d), the PCGEMS data base (U.S. EPA, 1989c), or the Aquatic Fate Process Data for

Organic Priority Pollutants (U.S. EPA, 1982b). The decision process is as follows: if a value is

published in Lyman et at. (1990) it is used. If not, but if two values are similar, the mean of

those two values is used. If there is no value in Lyman et al. (1990) and no two values agree, a

measured value is chosen in preference to an estimated one. If only estimated, dissimilar values

are available, the value most conservative for ground water (i.e., the lowest Henry's Law

constant) is chosen. This last circumstance occurs only for n-ilitrosodimethylamine and bis(2­

ethylhexyl)phthalate.

The only exception to the decision process descnoed above is for polychlorinated

biphenyls (PCBs), ~hich include a variety of possible congeners with different chemical

characteristics. Anderson and Parker (1990) provides a compilation of nondimensional Henry's

Law constants for one penta-congener and three hexa-congeners. To derive a representati\'e

Henry's Law Constant for PCBs, the three values for hexa-congeners were averaged to a single

value which was then averaged with the penta-congener value to obtain the single constant. "

reported in Table J-9.

For all organic pollutants except PCBs, the dimensioned estimate of Henry's Law

Constant reported in Table J-9 has been converted to an equivalent nondimensional constant

based on an assumed temperature of 15°C (288°K) and the following equation:

•

. H"
H=­

RT

where:

T =
R =
H =
iI =

Temperature (assumed to be 288°K)
Universal Gas Constant (m3eatm!moleK)
dimensional Henry's law constant (meatm/mol)
nondimensional Henry's Law constant (unitless)

(5)

Because Anderson and Parker (1990) report nondimensional values for PCBs at 2S°C, the

average value derived from this source has been adjusted to an equivalent nondimensioIial value

at 15°C.
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J.4.5 Diffusion Coefficients

As discussed elsewhere in this report, the volatilization of pollutant from a land

application site is modeled with equations provided by Hwang and Falco (1986). These

equations require estimates for the diffusivity of each pollutant in air. Wilke and Lee's method

provides estimates for the diffusivity of each pollutant in air and Hayduk and Laudie's method

provides estimates for each pollutant's diffusivity in water (Lyman et aI., 1990). The resulting

estimates, which are based on a temperature of 15°C, are listed in Table J-10.

.
J.4.6 Reference Water Concentrations for Gl'Ound Water

For the ground-water pathway of human exposure, reference application rates are

calculated based on the reference water concentration or adjusted reference water concentration

(RCI'" mg/l). Reference application rates for land application of sludge are calculated to result

in ground-water concentrations equal to or less than the RC..... at the receptor well. Values for

RCI'" are listed in Table J-11.

For all pollutants except n-nitrosodimetbylamine, the reference water concentration for

ground water has been calculated by adjusting the maximum pollutant level for background

concentrations of pollutant expected in-ground water. For n-nitrosodimethylamine, the Rep

has been derived from the human cancer potency. It is assumed that the highly exposed

individual ingests 2 I of water per day and weighs 70 kg. The RC..... for n-nitrosodimethylamine

is calculated based on a risk level of 10-4.

To ensure that well water does not exceed the MCL, any pre-existing ground-water

concentrations must be considered in addition to pollutant contnoutions from the surface

disposal of sewage sludge. Metals are ubiquitous in the environment, and can be expected to

occur naturally in ground water; values for background concentrations of inorganic pollutants in

ground water are taken from the National Inorganic and Radionuclides Survey, and presented in

Table J-11. Where concentrations of a given metal ill a particular sample fall beneath the limit

of detection, a value of 1/2 the detection limit hasbe,en assigned to the sample to derive these
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TABLE J-IO

DIFFUSION COEFFICIENTS FOR CONTAMINANT IN AIR

Diffusivity in
Air

(cmJ/sec)a

Benzene

Benzo(a)pyrcne

Bis(2-ethylhexyl)phthaIatc

Chlordane

DDT

Lindane

n-Nitrosodimethylamine

Polychlorinated biphenyls

Toxaphene

Trichloroethylen"

9.06 X 10.2

4.58 X 10.2

3.27 X 10-2

4.51 X 10.2

4.13 X 10-2

4.98 X 10.2

9.29 X 10.2

5.69 X 10.2

5.25 X 10-2

8,18 x 10.2

a Calculated according to Wilke and Lee's method, as described in Lyman et aI.
(1990).
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TABLE J-J.1

ADJUSTED REFERENCE WATER CONCENTRATION FOR GROUND WATER

Background
Concentration in Adjusted

Referenc::e Water' Ground Reference Water
Cooc:entratio... Water' Concentrationc

(mgll) (mall) (mgll)

Arsenic 0.05 0.0032 0.0468

Cadmium 0.005 0.0011 0.0039

Chromium 0.1 0.0014 0.0986

Copper 1.3 0.0499 1.2501

Lead 0.015 0.0035 0.0115

Mercury 0.002 0.0001 0.0019

NicJcel • 0.1 0.0030 0.097

Benzene 0.005 0 0.005

Benzo(a)pyreno 0.0002 0 0.0002

Bis(2-ethylhexyl)phthaIate 0.004 0 0.004

Chlordane 0.002 0 0.002

DDT 0.0102 0 0.0102

Lindane 0.0002 0 0.0002

n-NitrosodimethyJamine'l 0.00007 0 OO7סס.0

Polychlorinated biphenyls 0.000454 0 0.000454

Toxaphene 0.003 0 0.003

Trichloroethylene 0.005 0 0;005

• All values e.xc:pt thoee for DDT and n-nitrosodilmthylmnine ue based on the maximum contaminant
level (MCL) UDder the Safe Drinkina Walei' Act (SDWA). .
~ National Incqaui.c and Radioouclides Survey
C Values repreaent tho RWC lea b&cJcBround concentrations (see Section A.5.4)
i Calculated from human cancer potency at tho to-- risk level.
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averages. Organic pollutants are less likely to be found in uncontaminated sources, so

background concentrations are assumed to equal zero.

J.4.7 Reference Water Concentration for Surface Water

The reference water concentration for the surface water pathway is based on either

human health criteria, adjusted for total background intake, or chronic fresh water criteria,

whichever is more limiting. The calculation of human health criteria for surface water is similar

to the calculation for ground water, with the additional exposure through fish consumption.

Concentration of pollutants in ingested fish are calculated from the expected concentration in

surface water, the bioconcentration factor (BCF) and a food chaiD. multiplier (PM) for each

pollutant. The ratio between concentratio~ in the edible and total fish (Pd is also considered.

Estimated values for BCF and PM are listed in Table J-12. With the exception of PCBs,

the pollutant concentration in fillet is assum~d equal to the pollutant concentration in the whole

fish (Pf=1). This is a worst-case assumption, because many pollutants are known to

bioconcentrate in nonedtble tissues and organs. Based on data for dioxin (Branson et aI., 1985),

the concentration in the fillet for PCBs is assumed to be. 50 percent of the concentration of the

whole fish (Pf = 0.5).

Table J-13 lists calculated human health criteria, chronic fresh water criteria, and the

limiting reference water concentration for each pollutant insurfacewater~ The fresh water

criteria are based on chronic freshwater criteria from the latest Ambient Water Quality Criteria,

where available. Where chronic values are not available, acute values are substituted. If no

criteria are available, the Lowest Observable Adverse Effect Level (LOAEL) is used. For

chemicals with hardness-dependent chronic or acute freshwater criteria, a hardness of 100 mg/l

is assumed. The human body weight (BW) is set to 70 kg; the water ingestion rate (Iw) at 2

l/day; and the daily consumption of fish (Ic) at 40 g/day (Javitz, 1980).
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TABLE J-12

DATA FOR REFERENCE WATER CONCENTRATIONS FOR SURFACE WATER

Bioconcentration Food Chain
Factor' Multiplier"
(I/kg) (unitless)

Arsenic 350 1

Cadmium 330 1

Chromium 130 1

Copper 120 1

Lead 180 1

Mercury 100 1

Nickel 50 1

Benzene 7.6 1

Benzo(a)pyrene 11,000 10

Bis(2-ethylhexyl)phthalate 1,700 10

Chlordane 3,700 10

DDT 17,000 10

Lindane 110 1

n-Nitrosodimethylamine 0.056 1

Polychlorinated biphenyls 31,000 10

• Toxaphene 1,000 1

Trichloroethylene 13 '1

& BCF values for inorganic contaminants are taken from U.S. EPA (1989b). BCF values
for organic contaminants are derived from the following regression equation, taken from
U.S. EPA (199Ob): 10g(BCF) =0.79 10g<K-) - 0.40 -log(7.6/3.0). The 10g<K-) values are
presented in Table J-4.
It Food chain multipliers are determined from the procedure in U.S. EPA (1990b),
assuming a Trophic Level of 3 for fish.
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TABLE J-13

DATA FOR REFERENCE WATER CONCENTRATIONS FOR SURFACE WATER
REFERENCE WATER CONCENTRATIONS FOR SURFACE WATER

Chronic
Freshwater Human Health Limiting Reference
Reference Criteria" Water

Application (mgll) Concentration
Rates- (mgll) (mg/l)

Arsenic 1.90xlO·1 c 3.40xlO·2 1.90xlO·\

Cadmium· 1.10xlO·3 2.S2xlO·3 l.lOxlO-4

Chromium 2.10xlO·\ 1.07xlO·\ 1.07xlO·'

Copper 1.20xlO·2 d 2.4SxlOo 1.20xlO·2

Lead 3.20xlO·3 d 1.00xlO·2 3.20xlO·3

Mercury 1.20xlO·s 1.29xlO-4 1.20xlO·5

Nickel 1.60xlO·\ d 4.l7xlO·\ 1.60xlO·1

Benzene S.30xlOo • 1.1Sx1O·1 1.15xlO·\

Benzo(a)pyrene r 9.82xlO-6 9.82xlO-6

Bis(2-ethyIhexyl)phthalate r 1.77xlO·2 1.77xlO·2

Chlordane 4.30xlO-6 1.91x1O·7 1.91x1O·7

DDT l.OOxlO-6 1.92xlO·7 1.92xlO·7

Lindane 8.00xlO's 2.63xlO·3 8..00xlO·5

n-Nitrosodimethylamine S.8SxlOo • 6.86xlO's 6.86xlO·s

Polychlorinated biphenyls 1.40xlO·s 1.46x1O" 1.46xlO-8

Toxaphene 2.00xIO·7 2.4lxI0's 2.00xlO·7

Trichloroethylene 4.SOxlO l
• 2.88xlO·1 2.88xlO·\

. • Chronic fresh water criteria based upon latest Ambient Water Quality Criteria. Because chronic
values were not available for benzene, n-nitrosodimethylamine, and tri~hloroethylene, acute values
were used instead. No values were found for benzo(a)pyrene and bis(2-cthylhexyl)phthalate.
b Human health criteria calculated using assumed rates of water and fish consumption,
bioconcentration. fllCtOrs and food chain .multipliers for itsh.
C based on arsenic (V)
d Hardness dependent (assumed 100 mgll)
• No criteria available; value given is a LQAEL
r No criteria available.
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J.4.7 Bioconcentration Factors and Food Chain Multipliers

Bioaccwnulation in surface water is the process by which aquatic organisms accumulate

pollutants, from both water and food, at concentrations higher than the ambient concentration.

The process by which a compound is absorbed from water through gill membranes or other

external body surfaces is termed bioconcentration, and the measure of a chemical's tendency to

bioconcentrate is descn'bed by the bioconcentration fa.ctor. Biomagnification, in contrast,

denotes the process by which the concentration of a compound increases in different organisms
"

occupying successive trophic levels. The combined accumulation from these two sources is

represented by the .bioaccumulation factor, which is calculated as the product of the

bioconcentration factor and a food chain multiplier (U.S. EPA. 1990b):

where:

BAF "" FMBCP (6)

BAF =
FM =
BCF =

bioaccumulation factor (lIkg)
food chain multiplier (kglkg)
bioconcentration factor (lIkg)

The food chain multiplier and the bioconcentrlltion factor are both derived from the

pollutant's octanol-water partition coefficient (KOW). In addition, the food-chain multiplier is a

function of the trophic level of the species under consideration. Based on a trophic level of 3

for fish, U.S. EPA (1990b) recommends the following values:

• Range of Food Chain
LoICK°W) Multiplier

~s 1
S-S.s 10

~S.s 10

According to U.S. EPA (199Ob), BCF values can be calculated from the log of KOW values

(based on a 3 percent lipid content) according to the following regression equation:

log(BCP) ... 0.791oz<KOW) - 0.40 - 101(7.6)
3.0
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The BCF and the FM values used to derive criteria are listed in T-able J-12. BCFs for

organic pollutants are calculated from the regression equation above using the KOW values

. presented in Table J-4. For metals, BCF values are taken from U.S. EPA (1989b).

J.4.8 Reference Air Concentration

Reference application rates for the air pathway are derived based on calculations of

reference air concentrations (Rem p.f/m3
) for each pollutant. Reference application rates are

calculated such that the concentration of each pollutant in ambient air at the point of

compliance is not eXpected to exceed the reference concentration.

Values for the reference air concentration of all organic pollutants are calculated from

the pollutants' estimated human cancer potencies, as summarized in Table J-14. Estimates are

based on a risk level of 1()-4 and a body weight of 70 kg. The highly exposed individual is

assumed to inhale 20 m3 of co~taminatedai; daily for his or her entire lifetime.
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TABLE J-14

REFERENCE AIR CONC.'ENTRATIONS

Human Cancer Potency
(mg./k&_day)"l

Reference Air
Concentrations·

(p.gfmJ
)

Benzene

Benzo(a)pyrene

Bis(2-ethylhexyl)phthalate

Chlordane

DDT
lindane

n-Nitrosodimethylamine

Polychlorinated biphenyls

Toxaphene

Trichloroethylene

0.029

11.5

0.0141

1.3

0.34

1.33

51

7.7
«

1.1

0.011

12.0

0.032

25.0

0.27

1.0

0.26

0.0071

0.045

0.32

32.0

f

• Calculated from Human Cancer Potency based on a risk level of lo-t, body weight of 70
leg, and inhalation volume of 20 m3/day.
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SECTION ONE

INTRODUCTION

On February 6, 1989, the u.s. Environmental Protection Agency
(EPA) proposed Standards for the Use or Disposal of Sewage Sludge
(40 CFR Part 503) in the Federal Register (54 FR 5746). Included
in those standards were pollutant limits for different sewage
sludge use or disposal practices.

In the Part 503 proposal, septage was included in. the·
definition of sewage sludge. For this reason, the requirements for
the use or disposal of sewage sludge also applied. to the use or
disposal of septage. Several commenters on the proposal indicated
that it is not. feasible for the use or disposal of septage to be
subject to the same requirements as the use or disposal of sewage
sludge. Those commenters indicated that the proposed Part 503
requirements were too costly for the use or disposal of septage.
Also, the requirements may have a negative affect on the
environment because they could lead to illegal use or disposal of
septage or result in a lower frequency of pumping for septic tanks.

After review.ing the comments on the Part 503 proposal, the
Agency decided to re-examine the pollqtant limits for land
application of domestic septage. A new approach to the pollutant
limits was published in the Federal Register on November 9, 1990,
(55 FR 47240) and comments were requested on that approach.

Under the new approach, the volume (i.e., gallons) of domestic
septage that can be applied to an acre of land in a year would be
calculated using an equation in the final Part 503 regulation.
This volume would be based on the amount of nitrogen needed by the
crop or vegetation grown on the land where the domesticseptage is
applied and on the concentration of available nitrogen•

There are two important aspects about the annual application
rate approach for land application of domestic septage. First, the
approach ohly applies to domesticseptage. Domestic septage is
either liquid or solid material removed from a septic tank,
cesspool, portable toilet, Type III marine sanitation device, or
similar treatment works that receives only domestic sewage.

The annual application rate approach does not apply to land
application of commercial or industrial septage or to land
application of a combination of domestic septage and either
commercial or industrial septage. The reason for this is that the
final Part'~03 regulation does not apply to the use or disposal of
commercial or industrial septage. Commercial and industrial
septage have characteristics that are different than the
characteristics of domestic septage. Because those characteristics
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are different, the pathway exposure analyses used to develop the
Part 503 land application pollutant limits, which were used to
justify the annual application rate for domestic septage, are not
applicable to the use or disposal of commercial and industrial
septage.

The second aspect is that the annual application rate approach
only is applicable to domestic septage applied to agricultural
land, forest, or a reclamation site. This approach does not apply
to domestic septage applied to a pUblic contact site or placed on
a surface disposal site. In these two cases, the requirements in
the final Part 503 regulation for application of sewage sludge to
a public contact site and placement of sewage sludge on a surface
disposal site, respectively, have to be met.

Most of the commenters on the annual application approach for
domestic septage agreed with the approach. Several of the
commenters indicate~ that, in addition to limiting the volume of
domestic septage that can be applied to the land per year, the
domestic septage also must meet pathogen and vector attraction
reduction requirements. The Agency agrees and included pathogen
and vector attraction reduction requirements in the final Part 503
regulation for domestic septage applied to agricultural land,
forest, or a reclamation site. These l:equirements are discussed in
the t.echnical support document for the Part 503 land application
requirements and in the technical support document for the Part 503
pathogen and vector attraction reduction requirements.

EPA decided to use the approach in the November 9, 1990,
notice for domestic septage applied to agricultural land, forest,
or a reclamation site in the final Par't 503 regulation. This paper
discusses the equation in the final Part 503 regulation used to
calculate the annual application rate for land application of
domestic septage; presents an example that illustrates how to use
the equation; and presents results of an evaluation to determine
whether the annual application rate protects pUblic health and the
environment from reasonably anticipated adverse effects of
pollutants in domestic septage that is applied to agricultural
land, forest, or a reclamation site.
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SECTION TWO

ANNUAL APPLICATION RATE

2.1 Equation

The following equation is used to--calculate the annual
application rate for domestic septage applied to agricultural land,
forest, or a reclamation site.

, AAR = N
ANC x 8.34

( 1)

•

Where:

AAR = Annual application rate in millions gallons per acre per
year.

N = Amount of nitrogen needed by the crop or vegetation grown
on the agricultural land, forest, or reclamation site in
pounds per acre per year.

ANC = Available nitrogen concentration in milligrams per liter.

8.34 = A conversion factor.

2.2 Amount of Nitrogen

The amount of nitrogen needed depends on the crop or
vegetation grown on the land where the domestic septage is applied.
This amount is published for the crop yield des.ired by various
government agencies (e.g., the Agriculture Extension service).

2.3 concentration of Available Nitrogen

various assumptions were made to determine the available
nitrogen concentration (ANC) in equation (1). These assumptions
are discussed below. .

The available nitrogen concentration consists of the
concentration of ammonia-nitrogen in the domestic septage and the
concentration of organic nitrogen that becomes available over time.
Together, ammonia-nitrogen and organic nitrogen are Total Kjeldahl
Nitrogen (TKN). To determine the TKN concentration in dom~stic
septage, a sampling and analyses program was conducted. Nine
samples of domestic septage were collected and analyzed for TKN.
The Agency c~ose to use only data from these nine 'samples to
estimate the TKN poncentration in domestic septage because EPA· has
knowledge of how those samples were collected and how the samples
were analyzed.
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Summary statistics were developed for the analytical results
from the nine samples of domestic septage. This information is
presented in Appendix A.

As shown in Appendix A, the 95th percentile concentration for
TKN is 352 milligrams per liter. EPA believes that this value is
a conservative estimate of the TKN concentration in domestic
septage because 95 percent of the domestic septage is expected to
have a TKN concentration of 352 milligrams per liter or less. That
value is used, therefore, as the value for the TKN concentration in
domestic septage for this analysis.

The relationship between ammonia-nitrogen and TKN is
represented by equation (2), which was derived during the
development of the summary statistics for the analytical results of
the nine domestic septage samples.

Ammonia-N = TKN x 0.427247 (2)

•

using equation (2), the estimated ammonia-nitrogen concentration in
domestic septage is 150 milligrams per liter (i.e., 352 x
0.427247).

subtra~ting the ammonia-flitrogen concentration for the TKN
concentration leaves 202 milligrams per liter for organic nitrogen
in domestic septage. Fifty percent of the organic nitrogen is
assumed to become available to the crop or vegetation in the first
year after application of domestic septage; 20 percent in the
second year; 10 percent in the third year; and the remainder at
three percent per year until no more of the organic nitrogen from
a particular application of domestic septage remains. For the
purpose of this analysis, the concentration of organic nitrogen
available to the crop or vegetati4:>n in the fourth year and
subsequent years after application the domestic septage was assumed
to be zero because of the low concentration of organic nitrogen
remaining in those years •

Another assumption for the calculation of the available
nitrogen concentration is that the domestic septage is injected
below the land surface. In that case, none of the ammonia-nitrogen
is lost through volatilization. In addition, the Agency assumed
that none of the ammonia-nitrogen is lost through volatilization if
the pH of the domestic septage is raised to 12, which is one of the
alternative pathogen and vector attraction reduction requirements
in the final Part 503 regulation for domestic septage applied to
agricultural land, forest, or a reclamation site. 'These two
assumptions lead to a conservative estimate of the ammonia-nitrogen
available to the crop or vegetation grown on the land where the ."
domestic septage is applied.

The available nitrogen concentration used in equation (1) was
calcUlated as shown below.
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-.=t. .
GIVEN: Domestic septage is injected below the land surface.

TKN = 352 mg/l
NH3 = 150 mg/l

Organic-N = 202 mg/l

Year 1 Year 2 Year 3

Anunonia-N 150 150 150
organic-N 101 101 101

41 41
21

Total 251 292 313

Beginning with the third year, the Agency assumes .. steady
state conditions" are achieved with respect' to the available
nitrogen concentration. After three years, the available nitrogen
concentration is equal to 313 milligrams per liter each year. This
is the value used in equation (~).

2.4 calculation ,or Annual APPlication Rate

SUbstituting 313 milligrams per liter for ANC in equation (1)
results in the following equation:

Where:

AAR = N
0.00.26

(3)

AAR = annual application rate in gallons per acre per year.

N = amount of nitrogen needed by the crop or vegetation
grown on the land in pounds per acre per year.

0.0026 = a factor obtained by multiplying 313 mg/l times
8.34/1.,000,000.

Note that the annual application rate in equation (3) is in
gallons per acre per year not million gallons per acre per year.
Equation (3) is included in the land application sUbpart (Subpart
B) of the final Part 503 regulation.

2.5 Example Calculation

, The following example illustrates how to calculate the annual
application rate for domestic septage applied to agricultural land,
forest, or a reclamation site using equation (3).
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GIVEN:

Number of acres in application site = 3
Amount of nitrogen needed by the crop = 100 pounds per acre

RATE:

Annual application rate = 100
0.0026

x 3

•

Annual application rate = 38,462 gallons x 3 acres
acre

Annual application rate for the site = 115,386 gallons

For this example, 115,386 gallons of domestic septage can be
applied to a three acre site on which a crop that requires 100
pounds of nitrogen per acre is grown. This is the application rate
for a single year. In subsequent years, the annual application
rate has to be re-calculated using the amount of nitrogen needed by
the crop or vegetation grown on the site that year •
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SECTION THREE

JUSTIFICATION FOR ANNUAL APPLICATION RATE

As discussed above, EPA decided to use the annual application
rate approach for the pollutant limit in the final Part 503
regulation for domestic septage applied to agricultural land,
forest, or a reclamation site after receiving favorable comment on
this approach in the November 1990 Notice of Availability of Data
from the National Sewage Sludge survey (55'£& 47210). To use that
approach, the Agency has to justify that applying domestic septage
at an annual application rate protects public health and the
environment from reasonably anticipated adverse effects of
pollutants in domestic septage. This justification is presented
below.

step 1

The first step in the justification is to determine the
concentration Of'each pollutant listed in Table 2 of the final Part
503 regUlation in domestic septage. EPA used the 95th percentile
estimate for the nine domestic septage samples discussed above for
those pollutant concentrations (see Attachment A). The ~aximum

likelihood estimation (MLE) procedure was used to develop the 95th
percentile values. These values 'are presented below in Table 1.

TABLE 1 - POLLUTANT CONCENTRATIONS IN DOMESTIC SEPTAGE

•

Pollutant

Arsenic**
Cadmium,
Chromium
Copper
Lead
Mercury
Molybdenum***
Nickel
Selenium
Zinc

Concentration Cmq/l)*

0.02
0.02
0.16
2.0
0.14
0.004
0.02
0.11'
0.07

27

* Values are reported to two significant figures and may not
be the same as the vaiues reported in Attachment A because of
rounding.

** Value is the detection limit because the pollutant was not
detected in any of the samples.

*** Value is the maximum observed value for the nine samples
of domestic septage collected.
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step 2

The second step is to calculate an annual application rate for
a high crop nitrogen requirement. For this justification, 300
pounds of nitrogen per acre for orchard grass was used. This is
considered a conservative value for the amount of nitrogen because
most crops reqUire less than this amount of nitrogen. The annual
application rate for a 300 pound nitrc)gen requirement is:

Annual application rate = 300
0.0026

Annual application rate = 116,000 gallons per acre

(3)

step 3

The third step of the justificaticm is to calculate the annual
load for each of the pollutants listed in Table 1 above in the
domestic septage applied to the land. This was done using the
following equation:

Where:

AL = PC x AAR x 8.34 (4)

•

AL = annual loading rate for each pollutant in pounds per
acre per year.

PC a 95th percentile concentration for each pollutant in
milligrams per liter (see Table 1 above).

AAR = annual application rate in million gallons per acre
per year.

8.34 = a conversion factor •

The annual loading rates for the pollutants listed in Table 1
above calculated using an application rate of 116,000 gallons
(Le., 0.116 million gallons) in equation (4) are presented in
Table 2.
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TABLE 2 - CALCULATED ANNUAL POLLUTANT LOADING RATES

pollutant

Arsenic
Cadmium
Chromium
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Zinc

Concentration (mg/l)*

0.02
0.02
0.16
2.0
0.14
0.004
0.02
0.11
0.07

27

Loading Rate**

0.02
0.02
0.15
1.9
0.14
0.004
0.02
0.11
0.07

26

* From Table 1 above.
** pounds'per acre per year - calculated using equation (4).

Step 4

The fourth and final step is to divide the annual pollutant
loading rate in Table 2 above into the cumulative pollutant loading
rate for th~pollutant from Table 2 in the final Part· 503
regulation. This provides the number of years that domestic
septage with the pollutant concentrations in Table 1 above can be
applied to the land atarate of 116,000 gallons per year without
causing the cumulative pollutant loading rate for the pollutants in
Table 2 from the final Part 503 regulation to be exceeded. Results
of this calculation are presented below in Table 3.

TABLE 3 - YEARS DOMESTIC SEPTAGE CAN BE APPLIED TO THE LAND

Pollutant Part 503 Loading Rate* Years**

• Arsenic 36 1800
Cadmium 32 1600
Chromium 2670 17800
Copper 1335 702
Lead 267 1907
Mercury 15 3750
Molybdenum 16 800
Nickel 373 3390
Selenium 89 1271
Zinc 2492 96

* pounds per acre

** Part 503 cumulative pollutant loading rate in pounds per
acre divided by calculated annual loading rate (Le., pounds
per acre per year) in Table 1 above.
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As shown in Table 3, domestic septage with the pollutant
concentrations in Table 1 can be applied to agricultural land,
forest, or a reclamation site for 96 years at a rate of 116~000

gallons per year without causing any of the cumulative pollutant
loading rates in Table 2 of the final Part 503 regulation to be
exceeded. After 96 years, the cumulative pollutant loading rate
for zinc is exceeded.

The Agency concluded that domestic septage most likely will
not be applied to the same site for 96 years at a rate of 116,000
gallons per year. EPA also concluded that domestic septage will be
not applied to most sites at rate of 116,000 gallons per year
because the nitrogen requirement of the crop grown on the land most
likely will be less than 300 pounds, which is the amount of
nitrogen used to calculate the 116,000 rate.

For the above reasons and because a conservative value for
available nitrogen was used to calculate the constant in equation
(3), the Agency concluded that public health and the environment
are protected from reasonably anticipated adverse effects of
arsenic, cadmium, chromium, copper, lead, mercury, molybdenum,
nickel, selenium, and zinc in dOlaestic septage applied to
agricUltural land, forest, or a reclamation site when the domestic
septage is applied at a rate that is equal·to or less than the rate
calculated using equation (3). • Part 503 requires, therefore, that
the annual vol.um~ of domestic septage applied to agricultural land,
forest, or a reclamation site be equal to or less than the volume
determined using equation (3) above •
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

WASHINGTON, D.C. 20460

:,JOV 6 1992
OFFICE OF

WATER
MEMORANDUM

Subject:

From:

To:

Through:

Summary Statistics for EPA's Study on the Quality of Domestic Septage

Charles E. White, StatistiCian~ ....
Statistical Analysis Section ~ z;..'

Alan Rubin, Chief
Sludge Risk Assessment Branch

Henry D. Kahn, Chief t+'f)~
Statistical Analysis Section

•

At your request, I will present and document summary statistics based on EPA's
Study on the Quality of Domestic Septage. These summary statistics will include basic
statistics on ponutants of concern; other requested pollutants; and the estimated relationship
between Total Kjeldahl Nitrogen and Ammonia. EPA's Study on .the Quality of·Domestic
Septage (1991) was conducted in order to support the development of hydraulic loading
rates for the land application of domestic septage under the 40 CFR Part 503 FiDal Rule for
Sewage Sludge Use or Disposal This loading rate is intended to be a protective and
affordable method for regulating the beneficial reuse of septage. Development of the
loading rate itself will not be discussed in this memo. .

Results

There are two basic results from these analyses. First, truckloads ofdomestic septage
are not expected to contain pollutant concentrations as high as could be found in sewage
sludge used or disposed from·Publicly Owned Treatment Works that practice secondary or
better wastewater treatment. Second, Total Kjeldahl Nitrogen is found to be approximately
43% Ammonia in wet domestic septage.

Data

Nine trucks .delivering domestic septage to the Madison Metropolitan Sewerage
District (MMSD) in Madison, Wisconsin were each sampled once. As septage was being
discharged, a grab sample was collected and delivered to the MMSD lab for splitting, .
labeling, icing, and shipping to· appropriate labs under contract to the EPA. Each
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independent sample was physically analyzed for 324 pollutants. Only data regarding
pollutants of concern and some data for pollutants that are also micro-nutrients will be
considered in this report. .

Physical Ana.IytkaI Procedures

Physical analytical methods used here are the same as those used for the National
Sewage SlUdge Survey (NSSS), though some pollutants are reported differently. Individual
PCB aroclors were reported in the NSSS; total PCB aroclors are reported here. Aldrin and
Dieldrin were reported separately in the NSSS; the: totals for Aldrin and Dieldrin are
reported here. Total Chlordane is reported in the NSSS; the alpha and gamma portions of
chlordane are reported here. DDT, DDS, and DOD are reported separately in the NSSS;
totals for DDT, DDS, and DOD are reported here. Undane is reported in the NSSS;
Undane (Gamma-BHC) is reported here.

, Some pollutant concentrations were not measured above the Minimum Level for the
particular pollutant. Minimum Levels are a form of "detection limit" used in physical
analytical methods developed for the Office of Science and Technology. Under contract,
each contractor lab must demonstrate that it is able to achieve the Minimum Levels stated
for the particular EPA method to be used. In geneml, a Minimum Level is defined as the
lowest concentration at which the physical analytical process can be reliably cah"brated.
~ollutant concentrations not measured above the Minimum Level for a particular pollutant
are not reported; the Minimum Level is repOrted im,tead.

Statistical Methods for Bask Snmmal:J Statistics

Statistical analysis methods were primarily selected to estimate a concentration level
for each pollutant such that, under certain assumptions, "most" septage concentrations for
a particular pollutant will be below it's respective level, i.e., we are primarily estimating
percentiles. These methods will also be used to characterize both wet and·dry weight
pollutant concentration measurements, mixed· with "detection .limits." Substitution and
Maximum Likelihood Methods will be used to estimate summary statistics. One overall
assumption of this study is that residential septagce samples across the country follow
approximately the same probability distnbutions for pollutant concentrations as those
distnbutions found in the area around Madison, Wisc:onsin. Additional statistical
assumptions are dbcussed in the section on the Substitution Method, in the section on the
Maximum UkeHhood Method for estimating summary statistics in the presence of censored,
or "non==detect,· data and in the section on estimating the relationship between Ammonia
and Total Kjeldahl Nitrogen.

Da Weiiht Conversion

Physical analyses were conducted on liquid selJtage samples. However, both because
pollutants are assumed to be concentrated in the solid phase of the septage sample and
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because pollutants were reponed thi~way in th~"NsSs, a dry weight conversion is also used
in presentation of these data. More detailed discussion of the reasons for dry weight
conversion and analyses in support of this practice are presented in the Statistical Support
Document for th4 40 CFR Pan 503 Final·/Wk for Sewage Sludge Use or Disposal. Conversion
of a concentration reported in ugll is illustrated below:

Let: Pollutant Concentratia:l far Sample i '" %, ~gI1

Solids Concentration far Sample i '" " mgI1

Substitution Methods

The substitution methods used her~ _make no assumptions about the probability
distnbutions of the pollutant concentration data, but·they do make assumptions about the
concentration of pollutants in samples where pollutants could not be measured above their
"detection limit." The first of two substitution' methods used· assumes that pollutant
concentrations, in samples where pollutants could not be measured, are at the ~detection

limit." The second substitution method assumes that pollutant concen~tions, in 'samples
where pollutants could not be measured, are zero. Together, these two substitution methods
give a kind of upper and lower bound on non-parametric summary statistics for pollutant
concentrations in septage. More detaileddisc:ussion of these methods and the reasons for
their selection are presented in the StlItistical Support Docutnmt for th4 40 CFR Part 503
Final Rule for Sewage Sludge Use or Disposal.

Tables of wet weight summary statistics developed using these substitution methods
are presente4 on pages 13 through 23 and tables of dry weight summary statistics developed
uSing these substitution methods are presented on pages 27 through 36.

Maximum J ·iJreJihood Estimation

The maximum likelihood estimation (MLE) procedure used here assumes pollutant
concentrations are approximately lognormal in probability distnDutiOn. When this
assumption is true, estimates produced using this procedure will be moreeflicient than those
produced without assumptions about probability distnbutions. The procedure uses sample
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size, measured pollutant concentrations, and the range of possible values for "detection limit"
data in order to pick optimum estimates for the log mean and log variance of a two
parameter lognormal distnbution. If the assumption of a lognormal distnbution is not
closely approximated, this procedure is expected to produce good estimates for upper
percentiles while the mean and variance estimates may not be optimal.

The two parameter lognormal distnbution is ftllly descn"bed by the log mean and log
variance, or the mean- and standard deviation. Any desired summary statistic can be
calculated using an appropriate pair of sufficient statistics. More detailed discussion of this
method and the reasons why it was selected are presented in Statistical Suppon Documem
for 1M 40 CFR Part 503 Final Rule for Sewage Sludge u~ or Disposal (1992).

In order to assess the quality of the MLEs, cumulative probability distnbutions were
plotted for both the wet and dry weight distnbutions. Each plot shows the estimated
cumulative distnbution for all three estimation methods. The substitution methods are
illustrated with points for each observation. The probability plotting position for each point
is determined by a ranking procedure developed by Slam. The line indicating the estimated
lognormal distnbution is a plot of the 10th through 90th percentiles. These plots do not
indicate any obvious deviations from the assumption that the pollutant concentration data
are approximately lognormal in distnbution. These plots are presented in the appendix. _

•
Tables for wet weight summary statistics are presented on pages 10 through 12 and

tables for chy weisht summary statistics are presented on pages 24 through 26. Pollutants
measured above their sample specific Minimum Level, or "detection limit," one time or less
arc not included in thC$C tables as it is not possible to obtain MLEs under those conditions.

Note that truckloads of domestic septage arc not expected to contain pollutant
concentrations as high as could be found in sewage sludge used or disposed from Publicly
Owned Treatment Works that practice secondary or better wasteWater treatment. This
statement is based on the previously mentioned cmtnbutional assumptions of the MLE
estimation procedure and the additions) assumption 1hat domestic septage trucks across the
country have approximately the same prObability disu,bution for pollutant concentrations as
domestic septage in trucks found in the area around Madison, Wisconsin. This result is
found by comparing the 98th pcrcentfie estimates from the National Sewage Sludge Survey,
presented in Statistical Suppott Docummttztion for 1M 40 CFR, Part 503 Final Standards for
the u~ or Dispo.stzl of~geSludge (1992), to 98dl percentfie estimates developed here for
dry weipt concentrations of scptage.

'.

Statistical MethodJ for EstimatiDl the Relationship Between AmmoDia " TKN

Ammonia is the constituent of Total Kjeldahl NitrogCD (TKN) that is immediately
available for plant uptake. Over tlmc, Total Kjeldahl Nitrogen is cxpectcd to completely
break down into Ammonia. The purpose of this analysis is to assist in determining an
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appropriate hydraulic loading rate for
domestic scptage that allows sufficient
nitrogen for crop JrOWth while not allowing
for so much nitrogen that crop growth.
would be adversely affected. The loading
rate itself will be estimated. in another
document.

Relation of Totol Kjeldohl Nitrogen to Ammonia:
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The observed relationship between
the Ammonia and the Total Kjeldahl
Nitrogen data indicates, as expected, that
both pollutants increase together. A
statistical model was fit to these data that­
assumes the conccntration of Ammonia is
zero when the concentration of TKN is
zero, that the Ammonia concentration will
increase in a linear fashion as TKN
increases, that the Ammonia concentrations
about that line are approximately normal in
distnbution, and that the deviations from

lINt..... "'9"
that line are independent and identically
distnbuted. Under these· assumptions, -
Total Kjeldahl Nitrogen is approximately- 43% Ammonia·-in wet domestic scptage.

Evaluation of
Assumptions

•

Analysie of Verience

SWI of ...."
Source D' Squa.... Square , Value ProP,

Model 1 3785.12042 3785.12042 9.106 0.0166
Error 7 2702.12431 316.01777
C Total a 6487.24410

loot _ 19.647S3 ••....re 0.5135
oep..., 42.72000 AdJ .-eq 0.5240
C.V. 45.99095

Par_ter lett.t..

Par_ter St..-reI T for HO:
Vari_le D' btl.t. Error Per_ter-O Prob> ITI

IIiTEItCIP , 6.292426 13.34986889 0.471 0.6517
TO 1 0.3777'05 0.12061931 3.131 0.0166

Vert_t.
Veri.te Df .....t

IIiTEICEP 1 Intercept
TO 1 Total Kjeldlhl lIitroeen

For the
assumption that the
concentration of
Ammonia is zero
when the
concentration of TKN
is zero, a model was
fit that estimated a
non·zero constant
when TKN is zero and
a hypothesis test was
conducted that failed
tor e j e c t th e
hypothesis that the
constant was
statistically different
than zero. The
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Analysis of Variance
table for this model
indicates that the
intercept term is not
statistically significant
at the 0.05 level. The
significance test used
is robust to many
departures from
assumptions.

$cure.

Modal
Errot'
U Toul

Iloot MR
Oep Man
C.V.

Anll~i. of Verienc.

OF

1 20124.34510 20124.34510
8 2781.8853(1 34S.4S566
9 22912.23040

18.66m
42.72000
43.697'91

F Vell.-

51.748

0.8783
0.5631

0.0001

that
are

0.0001

'reb> ITI

7.599

the assumption
from the line

Stlndard
Error

0.05622261

For
deviations

For the assumption that
Ammonia concentrations about that line
are approximately normal in
distnbution, the Shapiro-Wilk test for
1he normal distnbution fails to reject the
hypoth~is that the residuals from the
jitted line come from a normal
distnbution. Residuals are the
arithmetic difference between the
IJbserved concentration of Ammonia at
a particular TKN concentration and the
Ammonia concentration predicted by
the statistical model. Further evidence
is that the plot of the residuals versus
'their expected position in a normal
distnbution, a normal scores plot, is
approximately linear.

o

0.427241

Verfeble
Label

1 Totel Kjeldehl Mftrogen

20

TIOI

Verieble OF

Verieble OF

o to
RnKlud
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o
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Relation of Total Kjeldahl Nitrogen fo Ammonia:
Nonnal sc...." Plot III Rniduois ,""" Reog.......

For the
assumption of
linearity, both the
Analysis of Variance
table for the model
with an intercept term
and for the model
without an intercept
term indicate that a
statistically siSnfficant linear relationship emts between Ammonia and TKN. Again, the

significance test used is robust to many
departures from assumptions.

•
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independent, the physical process of sampling from different truck loads of septage would
tend to make the sample results independent.

For the assumption that deviations from-the line are identically distnbuted, the plot
of residuals versus observed Ammonia values does not appear to indicate strong deviation
from this assumption.
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Appendix A

Summary Statistics
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w~t W,eight Co,ncentrationB of Pollutants in Septage:
SUH,ary statistics fro. M,axi.,ua L!kelibo,od Eati.ation

Sa.•ple Lo9 Log
Pollutant units Size Hon-Detect" Mean Variance

ALDRIN/DIELDRIN (TOTAL) UG/L 9 7 -4.872 15.2471
AMMONIA (AS If) MG/L 9 0 3.231 2.5560
CADMIUM UG/L 9 6 1.207 1.1385
CHROMIUM UG/L 9 1 3.494 0.8888
COPPER UG/L 9 0 5.373 1.8551
DDT,DDZ,DDD(TOTAL) UG/L 9 7 -2.783 6.1436·
LEAD UG/L 9 6 3.642 0.5873 .
LINDAHE (GAMMA-BIlC) UG/L 9 7 -2.360 0.2981
MERCURY UG/L 9 4 -1.348 2.7855

, NICKEL UG/L 9 4 3.747 0.3319,
NITRATE+NITRITE (AS N) MG/L 9 2 -1. 345 1.0699,
PERCENT SOLIDS , 9 0 -0.488 2.8024

~
SELENIUM UG/L 9 .. 7 0.442 5.4810

N TOTAL KJELDAHL NITROGEN MG/L 9 0 4.284 0.9236
N TOTAL PHOSPHORCUS MG/L 9 0 2.960 1.2521'

ZINC UG/L 9 0 7.806 2.1128



-
~et Weight concentrations of Pollutants in septage:

Summary Statistics from Maxiaua Likelihood Estimation

Standard ·Coefficient
Deviation of Standard of

Pollutant Units Mean the Mean Deviation Variation

ALDRIN/DIELDRIN(TOTAL) UG/L 15.7000 10700.000 32100.000 2050.0000
AMMONIA (AS N) MG/L 90.8000 104.C)000 313.0000 3.4500
CADMIUM UG/L 5.9100 2.8700 8.6100 1.4600
CHROMIUM UG/L 51. 3000 20.5000 61.4000 1.2000
COPPER· UG/L 545.0000 422.0000 1270.0000 2.3200
DDT, DOE, DDD(TOTAL) UG/L 1.3300 9.5900 28.8000 21.6000
LEAD UG/L 51.2000 15.3000 45.8000 0.8940
LINDANE (GAMMA-BHC) UG/L 0.1100 0.0215 0.0646 0.5890
MERCURY UG/L 1.05.00 1.3600 4.0800 3.9000
NICKEL UG/L 50.0000 10.5000 31.4000 0.6270
NITRATE+NITRITE (AS N) MG/L 0.4450 0.2050 0.6160 1.3800
PERCENT SOLIDS , 2.4900 .. 3.2700 9.8100 3.9300
SELENIUM UG/L 24.1000 124.0000 373.0000 15.5000

~ TOTAL KJELDAHL NITROGEN MG/L 115.0000 47.3000 142.0000 1.2300
N TOTAL PHOSPHOROUS MG/L 36.1000 19.0000 57.0000 ·1.5800~

ZINC UG/L 7060.0000 6350.0000 19000.000 2.7000

,
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We!t weight Concentrations ot Pollutants in Septage:
Suaaary statistics fro. MaxiaUJl Likelihood Estia,ation

90th 95th 98th

pollutant units Median Percentile Percentile Percentile

ALDRIN/DIELDRIN (TOTAL) UG/L 0.0077 1.1600 4.7200 23.4000

AMMONIA (AS N) MG/L 25.3000 197.0000 351.0000 676.0000

CADMIUM UG/L 3.3400 13.2000 19.3000 30.0000

CHROMIUM UG/L 32.9000 111.0000 155.0000 228.0000

COPPER UG/L 216.0000 1240.0000 2030.0000 3540.0000

DDT,DDE,DDD(TOTAL) UG/L 0.0619 1.4900 3.6500 10.1000

LEAD UG/L 38.2000 102.0000 135.0000 184.0000

, LINDANE(GAHIIA-BHC) UG/L 0.0944 0.1900 0.2320 0.2900

MERCURY UG/L 0.260,0 2.2200 4.0400 8.0200

'. NICKEL UG/L 42.4000 88.9000 109.0000 138.0000

NITRATE+NITRITE (AS N) MG/L 0.2610 0.9840 1.4300 2.1800

PERCENT SOLIDS
, 0.6140 5.2800 9.6400 19.1000

SELENIUM UG/L 1.5600 .. 31.5000 73.2000 191.0000

~
TOTAL KJELDAHL NITROGEN MG/L 72.5000 249.0000 352.0000 523.0000

N
TOTAL PHOSPHOROUS MG/L 19.3000 81.3000 122.0000 192.0000

~ ZINC UG/L 2460.0000 15900.000 26800.000 48700.000
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wet Weight Concentrations of Pollutants in septage:
Summary Statistics fro. Substitution Methods

------------ Pollotant-ALDRIN/DIELDRIN(TOTAL) -- Sa.ple Size~9 -- Units=UG/L -------------

Standard Coefficient
Substitution Deviation of Standard of

Method "un the' Mean Deviation Variation Minimum Median Maxi.WI

SM-ML 0.4480 0.2660 0.7980 178.0 0.1000 0.1000 2~500

SM-O 0.3610 0.2800 0.8400 232.0 0.0000 0.0000 2.500

---------------- Pollutant-ALPHA-CHLORDANE -- Sa.ple Size-9 -- Units-UG/L ----------------
. II

'~
Standard Coefficient '>.

SUbstitution Deviation of Standard of
Method Mean the Mean Deviation variation Minimum Median Maxiaum..

~
SM-ML 0.1090 0.0093 0.0280 25.6 0.1000 0.1000 0.184

0.0000' 0.0000 0.0000 0.0000 0.0000
,

N SM-O • 0.000"
VI

---------------- Pollutant-AMMONIA (AS N) -- Sa.ple Size-9 -- Units-MG/L ---~-------------

Stand..rd Coefficien~

Substitution Deviation of Standard of
Method Mean the Mean Deviation variation Mini.ua Median Maxiaua

SM-ML 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000
SM-O 42.7000 9.4900 28.5000 66.7 0.4800 45.0000 100.000
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Wet Weight Concentrations of Pollutants in se!ptag,e:
StDaary statistics froa Substitution Methods

_________________.l__ pollutant-ARSENIC -- saaple Size-9 -- units-UG/L --------------------

standard Coefficient
Substitution Deviation of Standard of

Method Hean the Mean Deviation variation MiniD\1II Median MaxiaWl

SM-ML 20.0000 0.0000 0.0000 0.0 20.0000 20.0000 20'.000

SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000

____________________ Pollutant-BENZENE -- Saaple Size-7 -- Units-UG/L --------------------

'~~
Standard Coefficient

, Substitution Deviation of Standard of
Method Mean the Mean Deviation variation Mini.ull Median Maxi.WI

~

..
N SM-ML 11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000
C\ SM-O 0.0000 0.0000 0.0000 0.0000 0.0000 0.000.

_____________.___ pollutant-BENZO(A)PYRENE -- Sa.ple Size-9 -- units-UG/L -----------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.ull Median MaxiaUll

SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000

SM-O 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000
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Wet Weight Concentrations of Pollutants in septage:

Summary Statistics from Substitution·Methods

-~--------------_.-Pollutant-BERYLLIUM -- Sample Size-9 -- Units=UG/L ---------------- _

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maxi.om

SM-ML 5.0000 0.0000 0.0000 0.0 5.0000 5.0000 5.000
SM-O 0.0000 0.0000 0.0000 . . 0.0000 0.0000 0.000

---------- Pollutant-BIS(2-BTHYLHEXYL) PHTHALATE Sample Size-9 -- units.UG/~ ------~---. ~

'~

~
!j

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum..
SM-ML 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000
SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000<

-------------------- Pollutant-CADMIUM -- Sample Size-9 -- Units-UG/L --------------------
I

CoefficientStandard
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum

SM-ML 7.1300 1.4900 4.4700 62.7 5.0000 5.0000 18.400
SM-O 3.8000 2.1,",00 6.5000 171.0 0.0000 0.0000 18.400
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wet Wieight Concentratiolns otPollutants in Se,ptage:
. SUJlaary statistics troa Substitution Methods

_________________.._ pollutant.'CHROMIUK -- Suple Siz.·9 -- units-UG/L --------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mesn the Mean Deviation variation MinialDl Median Maidaua

SM-ML 46.7000 12.7000 38.1000 81.6 10.0000 33.5000 128~000

SM-O 45.6000 13.1000 39.4000 86.5 0.0000 33.5000 128.000

Median Maxiaua

62.0000 115.0000 1850.000
62.0000 115.0000 1850.000

133.0
133.0

..
669.0000
669.0000

503.0000 223.0000
503.0000 223.0000

SM-ML
SM-O

Substitution
Method•

____________________ pollutant-COPPER -- Saaple Size-9 -- Units-UG/L ---------------------

Standard Coefficient
Deviation of Standard . of

Mean the Mean Deviation Variation Minimum

~
N
00

'\

______________ pollutant-DDT,DDE,DDD(TOTAL) -- Saaple Size-9 -- Units-UG/L ---------------

standard Coefficient
Subatitution Deviation of Standard of

Method Mean the Mean Deviation variation MiniaUll Median Maximua

SM-ML 0.6850 0.2810 0.8440 123.0 0.3380 0.3380 2.880

SM-O 0.4220 0.3230 0.9690 230.0 0.0000 0.0000 2.880
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Wet Weight Concentrations of Pollutants in septage:

. Suaaary Statistics froll Substitution Methods

---------------- Polluta~t-GAMMA-CHLORDANE-- Sa.ple Sizea 9 -- Units-UG/L ----------------

Substitution
Method

SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

"'an the Mean Deviation variation Minimum Median lIaxi.UIl
"

0.1230 0.0104 0.0313 25.4 0.1130 0.1130 0.207
0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000

------------------ Pollutant-HEPTACHLOR --.sa.plesize-9 -- Units-UG/L -------------------

'. Standard Coefficient
Substitution Deviation of Standard of

Method Mean the lIean Deviation variation Minimum Median Maximum..
~ SM-ML 0.0896 0.02.09 0.0626 69.9 0.0630 0.0630 0.250N

SII-O 0.0278 0.0278 0.0833 300.0 0.0000 0.0000 OJ250\0

--------------- pollutant-HEXACHLOROBENZENE -- Sa.ple Size-9 -- Units-UG/L ---------------

Standard Coefficient
substitution Deviation of Standard of

Method Mean the lIean Deviation variation Minimull Median Maximum

SM-IIL 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000
811-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000



•

Wett Weight COlncentratio;ns of Pollutants in Sept.age:
Su-ary statistics fro,a SUbstitution Methods

-------------- Pollutant~HEXACHU)ROBUTADIENE-- Saaple Size-9 ..:- Units-UG/L --------------

Subatitution
Method

SM-HL
SM-O

standard Co,efficient
Deviation of standard of

Hean the Mean Deviation variation Miniau. Median Maxiaua

11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000
0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000

_____________________ Pollutant-LEAD -- Saaple Size-9 -- Units-UG/L ----------------------

'~,
Standard Coefficient

Substitution Deviation of Standard of
Method Mean the Mean Deviation Variation Miniaum Median Maxbl\lIl

~ SM-ML 63.4000 8.0800 24.2000 36.2 50.0000 50.0000 121.000
~
0 8M-0 30.1000 15.7000 47.1000 157.0 0.0000 0.0000 121'.000

______________ pollutant-LINDANE(GAMMA-BHC) -- Saaple Size-9 -- Units-UG/L ---------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Miniaua Median Maxi.WI

SM-ML 0.1620 0.0170 0.0511 31.6 0.1250 0.1380 0.253
SII-O 0.0417 0.0295 0.0884 212.0 0.0000 0.0000 0.250
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w~t Weight Concentrations of Pollutants in Septage:
Summary Statistics fro. Substitution Methods

----------------~-- pollutant-MERCURY -- S.-ple Size-9-- Unlts~UG/L --------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation ·Mlnimum Median Maxi.UIl

SM-ML 0.8220 0.4200 1.2600 153.0 0.2000 0.3000 .'.050
SM-O 0.7330 0.4380 1.3100 179.0 0.0000 0.3000 4.050

------------------ pollutant-MOLYBDENUM --saaple size-9 -- Units-UG/L -------------------.

\
Standard Coefficient

Substitution Deviation of Standard of
Method Mean the Mean Deviation variation Minimum Median Maximum

...
~ SM-ML 10.5000 0.4890 1.4700 14.0 10.0000 10.0000 14 .400
tJ.)
~ 8M-0 1.6000 1.6000 4.8000 300.0 0.0000 0.0000 14.400.

------------ pollutant-N-NITR080DIMETHYLAMINB Sa.ple Size-9 -- Units-UG/L -------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.um Median MaximUlll

8M-ML 55.6000 5.5600 16.7000 30.0 50.0000 50.0000 100.000
8M-0 0.0000 ~O.OOOO 0.0000 • 0.0000 0.0000 0.000
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Wi.t Weight Conoentrations of Pollutants in Septag,e:
. Slmaary statistics fro. Substitution Methods

------------------- pollutant-'NICKEL -- Saaple Size-9 -- units-UG/L ---------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Hean ttwa Mean Deviation variation Miniaua Median Maxi.ua
lo' .- .

SM-ML 54.5000 7.8300 23.5000 43.1 40.0000 41.6000 105.000
8M-0 36.7000 13.2000 39.7000 108.0 0.0000 41.6000 105.000

____________ Pollutant-HITRATB+HITRITB (AS H) -- Sa.ple Size-9 -- Units-MG/L -------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.WI Median MaxiaUll.
SM-ML 0.3890 0.0964 0.2890 74.4 0.1000 0.2000 0.900
SM-O 0.3670 0.1050 0.3160 86.2 0.0000 0.2000 0,.900

__________________ Pollutant-PCB(TOTAL) -- 8.-ple Size-9 -- Units-UG/L -------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Mini.ua Median Maxi.WI

SM-ML 1.9100 0.1630 0.4890 25.6 1.7500 1. 7500 3.220
SM-O 0.0000 0.0000 0.0000 • 0.0000 0.0000 0.000
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w~t Weight Concentrations of Pollutants in septage:

Summary Statistics from Substitution Methods

--------------- Pollutant-PERCENT SOLIDS -- Sa.ple Size=9 -- Units=' ,. --------------~-

Substitution
Method

SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

lIean the 'Mean Deviation Variation Minimum Median MaxiaUil

2.2100 1.5100 4.5400 205~0 0.0653 0.6580 14.200
2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200

\

~ww

------------------- Pollutant-SELENIUM -- Sa.ple Size-9-- Units-UG/L ---------:-----------

Standard Coefficient
substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Mini.um Median Maximum..
SM-ML 20.8000 6.6400 19.9000 95.6 5.0000 5.0000 50.000
SM-O 6.9400 4.6000 13.8000 199.0 0.0000 0.0000 32.000

, Ii

------------ Pollutant-TOTAL KJELDAHL NITROGEN Sa.ple Size-9 -- Units-MG/L ------------ .

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation MiniaUil Median MaximUll

SM-ML 96.4000 19.2000 57.6000 59.7 9.0000 115.0000 175.000
SM-O 96 .. 4000 19.2000 57.6000 59.7 9.0000 115.0000 175.000
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Wiet weight Co,ncentrations of Pollutants in septage:
Su.aary statil$tics froll Substitution Methods

_______________ Pbllutant-TOTAL PHOSPHOROUS -- Saaple Size-9 -- units-MG/L ---------------

Substitution
Method

SM-ML
SM-O

Standard Coefficient
Deviation of Standard of

Haan the Mean Deviation variation Mini.wa Median Maxi.WI

27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000
27.6000 5.7400 17.2000 62.3 1. 7000 32.0000 48.000

___________________ pollutant-TOXAPHENE -- Saaple Size-9 -- Units-UG/L -------------------

'~\
Standard Coefficient

Substitution Deviation of Standard of
Method Mean the Mean Deviation variation Minillum Median Maxi.WI

..
~ SM-ML 11.3000 1.6700 5.0100 44.3 0.9100 11.4000 20.900
w SM-O 0.0000 0.0000 0.0000 0.0000 0.0000 0.000
~

.
________________ pollutant-TRICHLOROETHENE -- Saaple Size-7 -- units-UG/L ----------------

Standard coefficient
Substitution Deviation of standard of

Method Hean the Mean Deviation variation Mini.WI Median Maxi.WI

SM-ML 11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000

SM-O 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000
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w,t Weight concentrations of Pollutants in septage:
Summary statistics from Substitution Methods

--------------------- Pollutant-zINC--.Saaple·Size-9 -- Units=UG/L ------~---------- _

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minimum Median Maxiaum

SM-ML 5300.0000 2420.0000 1210.0000 137.0 182.0000 3190.0000 23800~000
8M-0 5300.0000 2420.0000 1210.0000 137.0 182.0000 3190.0000 23800.000

;.'

-.'.'
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,I
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DJ;Y weight COln,centr1atiolna ot Pollutants in Se.ptagle:
s~,ary statistics tro. MaxiaUil Likeliho,od E,sti.atioln

Sa.pl. Log Log
pollutant unit. size Hon-Detect Mean Variance

ALDRIN/DIELDRIN (TOTAL) UG/KG 9 7 0.741 8.92238

AMMONIA (AS M) MG/KG 9 0 8.325 3.90825

CADMIUM MG/KG 9 6 -1. 766 5.86238

CHROMIUM MG/KG 9 1 1.542 2.39400'

COPPER MG/KG 9 0 3.559 4.39988

DDT,DDE,DDD(TOTAL) UG/KG 9 7 1.665 7.27425

LEAD MG/KG 9 6 0.561 3.87225

LINDANE (GAMMA-BIIC) UG/KG 9 7 0.967 2.14650

MERCURY KG/KG. 9 4 -3.571 2.86875

'\.
NICKEL MG/KG 9 4 1.330 1.57612

, NITRATE+NITRITE (AS N) MG/KG 9 2 3.522 0.82463

PERCENT SOLIDS
, 9 0 -0.488 2.80237

SELENIUM MG/KG 9 .. 7 -2.098 6.97725

~
TOTAL ICJELDAHL NITROGEN MG/KG 9 0 9.378 2.81813

~ TOTAL PHOSPHOROUS MG/KG 9 0 8.054 1.42312
0\

ZINC MG/KG 9 0 5.992 1.05525
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Dry Weight Concentrations of Pollutants in Septage:

Sumaary statistics from Maxiaua Likelihood Estimation

Standard Coefficient
Deviation of Standard ofPollutant Units Mean the Mean Deviation Variation

ALDRIH/DIELDRIN(TOrAL) UG/KG 182.0000 ",5240.0000 15700.000 86.6000
AMMONIA (AS H) MG/KG 29100.000 67800.000 203000.00 6.9900
CADMIUM MG/KG 3.2100 20.0000 60.0000 18.7000
CHROMIUM MG/KG 15.5000 16.3000 48.8000 3 .. 1600
COPPER MG/KG 317.0000 948.0000 2840.0000 8.9700
DDT,DDB,DDD{TOTAL) UG/KG 201.0000 2540.0000 7620.0000 38.0000
LEAD MG/KG 12.1000 27.8000 83.3000 6.8600
LINDAHl (GAMMA-BHC) UG/KG 7.6900 7.0500 21.1000 2.7500 "

\. . MERCURY MG/KG 0.1180 0.1600 0.4810 4.0800
HICDL MG/KG 8.3200 5.4300 16.3000 1.9600
HI'1'RATB+HITRITB (AS N) MG/KG 51.1000 19.3000 57.9000 1.1300
PERCENT SOLIDS , 2.4900 .. 3.2700 9.8100 3.9300
SELENIUM MG/KG 4.0200 43.8000 131.0000 32.7000

~ TOTAL KJBLDAHL NITROGEN MG/KG 48400.000 64000.000 192000.00 3.9700
~ TOTAL PHOSPHOROUS MG/KG 6410.0000 3790.0000 11400.000 1.7700~

ZIHC MG/KG 678.0000 309.0000 928.0000 1. 370Q



..

Dz;y "'ieight Co'n,oentration8 of Pollutants in S,e.ptage:
suuary statistics fro. Maxi.. Likeliho,od E,sti.ation

90th 95th 98th
pollutant units Median Percentile Percentile Percentile

ALDRIH/DIELDRIN(TOTAL) UG/KG 2.1000 97.4000 286.0000 972.0000
AMMONIA (AS N) MG/KG 4130.0000 52300.000 107000.00 240000.00
CADMIUM MG/KG 0.1710 3.8400 9.1800 24.8000

CHROMIUM MG/KG 4.6700 34.1000 59.6000 112.0000

COPPER MG/KG 35.1000 520.0000 1110.0000 2620.0000
DDT, DDE, DDD(TOTAL) UG/KG 5.2900 169.0000 447.0000 1350.0000

LEAD MG/KG 1.7500 22.0000 44.6000 100.0000

LINDANE (GAMMA-BHC) UG/KG 2.6300 17.3000 29.3000 53.4000

MERCURY MG/KG 0.0281 0.2480 0.4560 0.9140

'l\
NICKEL MG/KG 3.7800 19.0000 29.8000 49.9000

NITRATE+NITRITE (AS N) MG/KG 33.9000 109.0000 151.0000 219.0000

PERCENT SOLIDS
, 0.6140 5.2800 9.6400 19.1000

SELENIUM MG/KG 0.1230 .. 3.6600 9.4600 27.9000

~
TOTAL KJELDAHL NITROGEN MG/KG 11800.000 102000.00 187000.00 372000.00

TOTAL PHOSPHOROUS MG/KG 3150.0000 14600.000 22400.000 36500.000
~
00 ZINC MG/KG 400.0000 1500.0000 2170.0000 3300.0000
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Dry Weight Concentrations of Pollutants in septage:
Suamary statistics fro. SUbstitution Methods

------------ PollutantgALDRIN/DIELDRIN(TOTAL) -- Sa.ple Size-9 -- Units=UG/KG ------------

Standard Coefficient
Substitution Deviation of Standard of

Method Hean the Mean Deviation variation Minimum Median lIaxiao.

SM-ML 77.200 36.300 109.000 141.0 8.55000 17.6000 325.00
. SM-O 38.000 35.900 108.000 283.0 0.00000 0.0000 325.00

--------------- Pollutant-ALPHA-CHLORDANE -- Saaple S~ze-9 -- Units-UG/KG ----------------

\ Standard Coefficient
Substitution .. Deviation of Standard of

Method Mean the lIean Deviation Variation Minimum Median Maximum..

~
SM-ML 44.100 19.500 58.500 133.0 0.70400 15.2000 153.00

l.H SM-O 0.000 0.000 0.000 . 0.00000 0.0000 .0.00
\0

---------------- Pollutant-AMMONIA (AS N) -- Saaple Size-9 -- Units-MG/KG ----------------

Standard coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Mini.um Median Maximum

SM-ML 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00
SM-O 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00

.
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D~ W,eight Concentratio,ns of Pollutants in Septage:

Su_ary statistics fro,a Substitutioin Methods

___________________ Pollutant-ARSENIC -- Sa.ple Size-g -- units-KG/KG --------------------

standard Coefficient
Substitution Deviation of Standard ot

Method Hean the Mean Deviation variation Mini.ua Median MaxiaWl

SM-ML 8.710 3.920 11.800 135.0 0.14100 3.0400 30.60

SM-O 0.000 0.000 0.000 • 0.00000 0.0000 0.00

___________________ pollutant-BENZENE
Saaple Size-7 -- units-UG/KG --------------------

"
~o

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.WI Median MaxiaUlll

1540.000 519.000 1370.000 •89.1 70.40000SM-ML 1080.0000 4330.00

SM-O 0.000 0.000 0.000 • 0.00000 0.0000 10.00

________________ pollutant-BENZO(A)PYRENE -- Saaple Size-9 -- Units-UG/KG ----------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Minillu. Median Maxi.WI

8M-HL 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00

8M-0 0.000 0.000 0.000 . 0.00000 0.0000 0.00
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Dry Weight Concentrations of Pollutants in septage:

. Summary statistics fro. Substitution Methods

-----------------~·Pollutant-BERYLLIUM-- Sa.ple Size-9 -- Units-MG/KG --------- _

Standard Coefficient
Substitution Deviation of Standard of

Method 1I.@an the Mean Deviation variation Minimum Median Ma.xi.WI

SII-ML 2.180 0.981 2.940 135.0 0.03520 0.7600 . 7.66
SM-O ·0.f>00 0.000 0.000 • 0.00000 0.0000 . 0.00

--------- Pollutant-BIS(2-ETHYLHEXYL) PHTHALATE -- Sa.ple Size-9 -- Units=UG/KG ----------

\ Standard Coefficient
, Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Minimum Median Maximum..

~
SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00

·SM-O 0.000 0.000 0.000 . 0.00000 0.0000 0.00....

------------------- Pollutant-eADMIUM -- Sa.ple Size-9-- Units-MG/KG --------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Miniaua Median Maximum

SM-ML 2.430 0.954 2.860 118.0 0.03520 0.9950 7.66
SM-O 0.632 0.349 1.050 166.0 0.00000 0.0000 2.77

..; .

,-,-
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Median Maxi.UIlMiniaua
Substitution

Method

Dry Weight concentrations of Pollutants in·se1ptage:
S.u.aary statistic. frOD Substitution Methods

__________________ poll~tant-CHROMIUM-- Sa.ple Size-9 -- Units-MG/KG -------------------

Standard Coefficient
Deviation of Standard of

Hean' the Mean Deviation variation

SM-HL
SM-O

10.900
9.360

3.640
3.800

10.900
11.400

100.0
122.0

0.22600
0.00000

7.6300
6.9200

35.30
'35.30

____________________ Pollutant-COPPER -- Sa.ple Size-9 -- units-MG/KG --------------------

, . Standard Coefficient

", Substitution Deviation of standard of
Method Mean the Mean Deviation variation Minimum Median MaxillUll

~ SM-ML 113.000 40.900 123.000 108.0 0.81000 105.0000 320.00
N 5M-0 113.000 40.900 123.000 108.0 0.01000 105.0000 3~0.00

______________ Pollu~&nt-DDT,DDB,DDD(TOTAL) -- Sa.ple Size-9 ~- Units-UG/KG --------------

Standard Coefficient
Subatitution Deviation of standard of

Method Mean the Mean Deviation variation Miniaua Median Maxillua

SM-HL 176.000 64.500 194.000 110.0 2.30000 69.3000 510.00

SM-O 33.800 28.100 84.400 250.0 0.00000 0.0000 254.00

•



Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from SUbstitution Methods

--------------- P611utant-GAMMA-~HLORDANE-- Sample Sizem 9 -- Units=UG/KG ________________

Standard CoefficientSUbstitution Deviation ot standard ofMethod Hean the Mean Deviation Variation Minimum Median Maxi.WI
SM-ML 49.800 22.000 66.100 133.0 0.79600 17.2000 173.00SM-O 0.000 0.000 0.000 . 0.00000 0.0000 ' 0.00

------------------ Pollutant-HEPTACHLOR Sample Size-9 -- Units-UG/KG ~-----

'\.,

~
~

'if

Standard CoefficientSubstitution Deviation of Standard ofMethod Mean the Mean Deviation Variation Minimum Median Maximum,-
SM-ML 32.000 12.400 37.100 116.0 0.44400 9.5700 96.50SM-O 5.690 5.690 17.100 300.0 0.00000 0.0000 51.20

.-------------- Pollutant-HEXACHLOROBENZENE -- Sample Sizea 9 -- Units-UG/KG _

standard CoefficientSubstitution Deviation of Standard ofMethod Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00SM-O 0.000 0.000 , 0.000 • 0.00000 0.0000 0.00



Median Maxi.u.Minillua
Substitution

Method

D~ Weightconoentrations of Pollutants in septage:
Suuary statistics fro. Substitution Methods

------------- Pollutant-REXACHLOROBUTADIEHE -- Sa.ple Size-9 -- Units-UG/KG --------------

Standard Coefficient
Deviation of standard of

Hean the Mean Deviation variation

SM-ML
8M-0

4420.000 1950.000
0.000 0.000

5840.000
0.000

132.0
•

70.40000 1520.0000 15300.00
0.00000 0.0000' 0.00

--------------------- Pollutant-LEAD -- sa.ple Size-9 -- Units-MG/KG ---------------------

"-
Standard Coefficient

, Substitution Devia~ion of standard of
Method Mean the Mean Deviation variation Minimua Median Maximum

~ SM-ML 23.800 9.600 28.800 121.0 0.35200 7.6000 76.60
t SM-O 3.960 2.730 8.200 207.0 0.00000 0.0000 24.80

-------------- pollutant-LINDANE(GAMMA-BHC) -- Sa.ple Size-9 -- Units-UG/KG --------------

Standard Coefficient
Substitution Deviation of standard of

Method Mean the Mean Deviation variation Miniau. Median MaxillUll

SM-ML 61.900 26.700 80.000 129.0 0.88000 22.1000 211.00
SM-O 2.560 2.450 7.340 287.0 0.00000 O.GOOO 22.10



Dry Weight Concentrations of Pollutants in Septage:
,Summary Statistics from Substitution Methods

-----------------~- Pollutant-MERCURY -- Sample Size-9 ~- Units=MG/KG _

Median Maxi.om

Standard CoefficientSubstitution Deviation of Standard ofMethOO Nean the Mean Deviation variation Minimum
SM-ML 00138 0.044 0.132 95.4 0.00211SM-O 0.059 0.037 0.112 189.0 0.00000

0.0160
0.0021

. 0.35
0.35

------------------ Pollutant-MOLYBDENUM -- Saaple Size-9 -- Units-MG/KG ~ _

\:'\ Standard Coefficient,
Substitution Deviation of Standard ofMethod Mean the Mean Deviation variation Minimum Median Maximum-~

...
SM-ML 4.460 1.950 5.850 131.0 0.07040 1.5200 15.30VI SM-O 0.328 0.328 0.984 300.0 0.00000 0.0000 '2.95

;~ :,

------------ Pollutant-N-NITROSODlMETHYLAMINE Sample Size-9 -- Units-UG/KG _
'~

Standard CoefficientSubstitution Deviation of Standard ofMethod Mean the Mean Deviation variation 'Minimum Median Maximum
SM-HL 22100.000 9740.000 29200.000 132.0 352.00000 7600.0000 16600.008H-0 0.000 0.000 0.000 . 0.00000 0.0000 0.00



Dry Weight Concentrations of Pollutants in Septage:
Suaary Statistics fro. SUbstitution Methods

-----------------~- pollutant-NICKEL -- Sa.•ple Size-9 -- Units-MG/KG --------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Hean the Mean Deviation Variation Miniaua Median Haxiaua

SM-ML 18.900 7.800 23.400 124.0 0.56200 6.0800 61.30
SM-O 4.470 2.870 8.620 193.0 0.00000 0.5620 '26.80

____________ Pollutant-NITRA'I'E+NITRITE (AS N) -- Sa.ple Size-9 -- Units-MG/KG ------------

, Standard Coefficient
~. Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation MinillWl Median Maximum
..

~ SM-ML 68.600 17.200 51.700 75.4 6.34000 53.1000 153.00
0\ SM-O 36.400 11.600 34.900 95.9 0.00000 32.4000 91.20

__________________ pollutant-PCB(TOTAL) -- Saaple Size-9 -- Units-UG/KG ------------------

standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.WI Median MaxhaUB

SM-ML 771.000 341.·000 1020.000 133.0 12.30000 266.0000 2680.00
SM-O 0.000 0.000 0.000 . 0.00000 0.0000 0.00



Median Maxi.WIMinimum
Substitution

Method

Dry Weight Conce~trations of Pollutants in septage:
Summary Statistics fro. Substitution.Methods

------------------- Poll~tant-SELENIUM-- Sa.ple Size-9 -- Units=MG/KG -------- _

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation Variation

SM-ML
SM-O

4.370
0.487

1.240
0.335

3.720
1.000

85.2
206.0

0.03520
0.00000

2.7400
0.0000

10.20
2.74

Median MaximumMinimum
Substitution

Method

----------- Pollutant-TOTAL KJBLDAHL NITROGEN -- Sa.ple Size-9 -- Units-MG/KG------------

Standard . Coefficient
Deviation of Standard of

Mean the Mean Deviation Variation
'\

-------------- Pollutant-TOTAL PHOSPHOROUS -- Sample 8ize-9 -- Units-MG/KG ---~-----------

Standard Coefficient
Deviation of Standard of

Mean the Mean Deviation Variation Minimum Median MaximUil

4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00
4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00

~
'-J

SM-ML
SM-O

substitution
Method

SM-ML
SM-O

23600.000 8350.000 25100.000
23600.000 8350.000 25100.000

106.0
106.0

218.00000 13000.0000 84200.00
218.00000 13000.0000 84200.00
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Dry Weight Conoentrations of Pollutants in septage:
Suaaary statistics fro,a Substitution Methods

_________________.... PollutantaTOXAPHENE -- Saaple Size-9 -- Unit.-UG/KG -------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Hean the Mean Deviation Variation Miniaua Hedian Haxiaua

SM-HL 3240.000 1600.000 4800.000 148.0 80.10000 1390.0000 15500.00
SH-O 0.000 0.000 0.000 • 0.00000 0.0000 0.00

_______________ pollutant-TRICHLOROETHEHE -- Saaple Size-7 -- Units-UG/KG ----------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation variation Mini.WI Median Maximum
..

SM-ML 1540.000 519.000 1370.000 89.1 70.40000 1080.0000 4330.00
SM-O 0.000 0.000 0.000 . 0.00000 0.0000 0.00

_____________________ pollutant-ZINC
Saaple Size-9 -- Units-MG/KG ---------------------

Standard Coefficient
Substitution Deviation of Standard of

Method Mean the Mean Deviation Variation Mini.u. Median MaximWll

SM-ML 570.000 146.000 439.000 77.1 43.70000 433.0000 1290.00

SM-O 570.000 146.0()0 439.000 77.1 43.70000 433.0000 1290.00
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Appendix B

Graphics
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Cumulative Frequericy for Total Aldrin/Dieldrin (ug/l)
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Cumulative Frequency for Arnmonia (AS N) (mg}l)
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Cumulative Frequency for Cadmium (ug/l)
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Cumulative Frequency for Chromium (ug/l)~
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Cumulative Frequency f4:>r Copper (ugll)
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: Oumufative Frequency ",otTbtal DDi: DOE, and DOD (ugJ))
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Cumulative Frequency for Total Kjeldahl Nitrogen (mgJl)
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Cumulative Frequency for Lead (ug/l)
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Cumulative Frequency for Undane (Gamma - SHC) (ugJl)
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Cumulative Frequency for Mercury (ug)l)
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CumulaltiVe Frequency -for Nickel (ug/l)
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,Cumulative Frequency for Total Phosphorous (mgll)
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Cumulative Frequency for Selenium (ug/1)
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Cumulative Prequency for Zinc (ug/l)
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Cumulative Frequency for Percent Solids (%)
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Wet Weight Concentrations of Pollutants in Septage

Minimum
Level Units

0.100 UG/L
0.100 UG/L
0.100 UG/L

UG/L
UG/L

0.184 UG/L
0.100 UG/L
0.100 UG/L
0.100 UG/L

2.50
0.75

Quantified
Amount

19974
19975
19976
19977
19978
19979
19980
19981
19982

--------------- Pollutant=ALDRIN/DIELDRIN(TOTAL) ---------------­

EPA
Sample
Number

------------------- Pollutant=ALPHA-CHLORDANE -------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amoun1:

•

•

Minimum
Level units

0.100 UG/L
0.100 UG/L
0.100 UG/L
0.100 UG/L
·0.100 UG/L
0.184 UG/L
0.100 UG/L
0.100 UG/L
0.100 UG/L

Units
Minimum

Level
Quantified

Amount

------------------- Pollutant-AMMONIA (AS N) --------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982·

45.00
0.48

40.00
11.00
45.00
33.00
56.00
54.00

100.00 •

MG/L
. MG/L

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
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Wet Weight Concentrations of Pollutants in Septage

----------------------- Po11utant=ARSENIC -----------------------to "_

EPA
Sample
Number

19974
19975
19976
19977
19978

, 19979
19980
19981
19982

Quantified
Amount

•

Mi.nimum
l..evel

20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000
20.000

Units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

~----------------------Pollutant-BENZENE -----------------------

EPA
Sample Quantified Minimum
Number Amount • t.ev.1 Units

19974 10.000 UG/L
19977 10.000 UG/L
19978 10.000 UG/L
19979 .20.000 UG/L
19980 10.000 UG/L
19981 10.000 UG/L
19982 10.000 UG/L

------------~------Po1lutant-BENZO(A)PYRENE --------------------

, EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19~81

19982

Quantified
Amount

•

•

•

K-68

Minimum
Level

10.000
10.000
10.000
10.000
10.000
20.000
10.000
10.000
10.000

units

UG/L
UG/L
UG/L
UG/L'
UG/L
UG/L
UG/L
UG/L
UG/L



Wet weight Concentrations of pollutants in Septage

---------------------- Pollutant=BERY~UM----------------------

EPA
Sample Quantified MinimUm
Number Amount Level Units

19974 5.000 UG/L
19975 5.000 UG/L
19976 5.000 UG/L
19977 5.000 UG/L
19978 5.000 UG/L
19979 5.000 UG/L
19980 5.000 UG/L
19981 5.000 UG/L
19982 5.000 UG/L

--------~---- Pollutant=BIS(2-ETHYLHEXYL) PHTHALATE -------------

EPA
Sample Quantified Minimum
Number Amount· Level units

19974 10.000 UG/L
19975 10.000 UG/L
19976 10.000 UG/L
19977 10.000 UG/L
19978 10.000 UG/L
19979 20.000 UG/L
19980 10.000 UG/L
19981 10.000 UG/L
19982 10.000 UG/L

----------------------- Poliutant-CAD~UM-----------------------

EPA
Sample Quantified Minimum
Number Amount Level units

19974 9.40 UG/L
19975 . 5.000 UG/L
19976 • 5.000 UG/L
19977 5.000 UG/L
19978 6.40 UG/L
19979 18.40 UG/L
19980 5.000 UG/L
19981 5.000 UG/L
19982 5.000 UG/L

K-69
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Wet weight Concentrations of Pollutants in Septag8

-_____________________ pollutant-CHROMIUM -----------------------

EPA
Sample Quantified Minimum
Number Amount Level Units

J.9974 53.90 UG/L
J.9975 10.000 UG/L

,J.9976 J.2.J.0 UG/L
J.9977 32.J.0 UG/L
J.9978 81.60 UG/L
J.9979 J.28.00 UG/L
J.9980 33.50 UG/L
1998J. 50.20 UG/L
J.9982 J.8.70 UG/L

----------------------- pollutant-COPPER ------------------------

EPA
Sample
Number

19974
J.9975
J..9976
J.9977
J.9978
J.9979
J.9980
J.998J.
J.9982

Quantified
Amount.

J.340.00
77.10
80.30

J.15.00
758.00
J.74.00

J.850.00
62.00
69.60

Minimum
Level

•

•

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

----------------- Pollutant-DDT,DDE,DDD(TOTAL) ------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
J.9979
J.9980
19981
19982

Quantified
Amount

0.92
2.88

K-70

Minimum
Level Units

0.338 UG/L
0.338 UG/L
0.338 UG/L
0.338 UG/L
0.338 OG/L

• UG/L
OG/L

0.338 OG/L
0.338 UG/L



Wet Weiqht Concentrations of Pollutants in Septaqe

------------------- Pollutant-GAMMA-CHLORDANE -------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
199'82

Quantified
Amount

•

Minimum
Level

0.113
0.113
0.113
0.113
0.113
0.207
0.113
0.113
0.113

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

Pollutant-HEPTACHLOR ----------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amoun1;

0.25
•

•

Minimum
Level units

• UG/L
0.063 UG/L
0.063 UG/L
0.063 UG/L
0.063 UG/L
0.115 UG/L
0.063 UG/L
0.063 UG/L
0.063 UG/L

------------------ Po1lutant-HEXACHLOROBENZENE ------------------

EPA
Sample,
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

•
•

•

K-71

Minimum
Level Units

10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
20.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L

,.
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Wet weight Concentrations of Pollutants in septage

-----------~----- pollutant-HEXACHLOROBUTADIENE -----------------

EPA
Sample
Nu.mJ::)er

19974
19975
19976
·19977
19978

"'19979
19980
19981
19982

Quantified
Amount

•

Minimum
lAvel

10.000
10.000
10.000
10.000
10.000
20.000
10.000
10.000
10.000

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

------------------------ pollutant-~u) -------------------------

EPA
Sample
Nu.mJ::)er

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount-

121.00

70.30
79.30

Minimum
lAvel Units

UG/L
!So.ooo UG/L
!S0.000 UG/L
!So.ooo UG/L
!S0.000 UG/L

UG/L
UG/L

!30.000 UG/L
!S0.000 UG/L

----------------- Pollutant-LINDANE(~~-BHC)------------------

EPA
Sample
NUJIl:)er

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

0.13

0.25

•

K-72

Minimum
Level Units

0.138 UG/L
0.138 , UG/L
0.138 UG/L

UG/L
0.138 UG/L
0.253 UG/L

UG/L
0.138 UG/L
0.138 UG/L



wet Weight Concentrations of Pollutants in septage

----------------------- ~ollutant-MERCURY -----------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amou,nt

0.30

1.30
0.45
0.50
4.05

Minimum
Level

0.200
0.200
0.200

•
0.200

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L"
UG/L
UG/L

po11utant=MOLYBOENUM -~--------------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount •

14.40
•

•

•

Minimum
Level Units

• UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L
10.000 UG/L

--------------- Pollutant-N-NITROSOOr.METHYLAMlNE ----------------

EPA
Sample Quantified Minimum
Number Amount Level units

19974 50.000 UG/L
19975 50.000 UG/L
19976 50.000 UG/L
19977 50.000 UG/L
19978 50.000 UG/L
19979 100.000 UG/L
19980 50.000 UG/L
19981 50.000 UG/L
19982 50.000 UG/L

K-73

,.,
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Wet Weight Concentrations of Pollutants in Septage

----------------------- Pollutant-NICKEL ------~-----------------

EPA
Sample Quantified Mlnimum
Number Amount Level units

19974 4,0.000 UG/L
19975 4,0.000 UG/L
19976 4.0.000 UG/L
19977 79.80 UG/L
19978 61.80 UG/L
19979 105.00 UG/L
19980 41.90 UG/L
19981 4,0.000 UG/L
19982 41.60 UG/L

~-------------- pollutant=NITRATE+NITRZTE (AS N) ----------------

EPA
Sample Quantified ~i.nimum

Number Amount. I ...vel Units

19974 0.20 KG/L
19975 • 0.100 KG/L
19976 0.100 KG/L
19977 0.90 KG/L
19978 0.20 KG/L
'19979 0.60 • KG/L
19980 0.60 • KG/L
19981 0.60 KG/L
19982 0.20 KG/L

-~------------------- pollutant-PCB(TC~AL) ----------------------

EPA
, 'Sample

Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

•

K-74

Minimum
. rAvel Units

1.750 UG/L
1.750 UG/L
1.750 UG/L
1.750 UG/L
1.750 UG/L
3.218 UG/L
1.750 UG/L
1.750 UG/L
1.750 UG/L



Wet Weight Concentrations of Pollutants in Septage
" -,,".

-----~---------------- pollutant=SELENIUM -----------------------

EPA
. Sample.

Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

30.50

32.00

Minimum
Level

50.000
5.000
5.000
5.000
5.000

5.000
50.000

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

--------------- Pollutant=TOTAL KJELDAHL NITROGEN ---------------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
1~980

19981
19982

Quantified
Amount-

142.00
9.00

. 55.00
31.00
70.00

119.00
115.00
175.00
152.00

Minimum
Level

•
•
•

•
•

units

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L

------------------ Pollutant-TOTAL PHOSPHOROUS ------------------

EPA
Sample
Humber

19974
19975
19976
19977
19978
19979
19980
19981

·19982

Quantified
Amount

32.00
1.70
7.00

25.00
12.00
48.00
36.00
46.00
41.00

K-75

Minimum
Level

•

•

units

MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L
MG/L



-.
,.- .. ....
• " #

Wet weight Concentrations of Pc)llutants in septage

-------------------- Pollutant-TOTAL l30LIDS ---------------------

EPA
Sample Quantified Minimum
Number Amount Level Units

J.9974 4880.00 MG/L
J.9975 733.00 MG/L
J.9976 653.00 MG/L
19977 142000.00 MG/L
J.9978 2310.00 MG/L
19979 18500.00 MG/L
19980 J.1300.00 MG/L
19981 6580.00 MG/L
J.9982 11700.00 MG/L.

---------------------- PollutantzTOXAPHENE ----------------------

EPA
Sample
Number

19974
19975
J.9976
19977
19978
19979
J.9980
19981
19982

Quantified
Amount

•

•

Minimum
Level

1J..375
11.375

0.9J.0
1J..375
1J..375
20.920
1J..375
11.735
11.375

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

------------------- pollutant-TRICHLOROETHENE -------------------

EPA
Sample
Number

19974
19977
19978
19.979
19980
19981
19982

Quantified
Amount

•
•
•
•

K-76

./

Minimum
:Level

J.O .. OOO
10.000
10.000
20.000
J.O.OOO
10.000
J.O.OOO

units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L.
UG/L



Wet Weight Concentrations of pollutants in septage

------------------------ pollutan~~ZINC --------~-------~--------

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified
Amount

5990.00
182.00
519.00

6210.00
1120.00

23800.00
3810.00
2850.00
3190.00

K-77

Minimum
Level

•

Units

UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L

•
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CALCULATXO~ OP THE AMOUNT OP SEWAGE SLUDGE USED OR DXSPOSED
POR THE PART 503 PREQUENCY OP MONXTORXNG REQUXRBKBNTS

INTRODUCTION

The Standards for the Use or Disposal of Sewage Sludge in 40
CFR Part 503 contain- frequency :of' monitoring---requirements for land
application of sewage sludge, placement of sewage slUdge on a
surface disposal site, and firing of sewage sludge in a sewage
slUdge incinerator. These requirements indicate how often sewage
slUdge has to be monitored for pollutant concentrations, pathogen
densities, and vector attraction reduction. They are based on the
amount of sewage slUdge used or disposed during a 365 day period.

For land application, the frequency of monitoring requirements
are based either on the amount of bulk sewage slUdge applied to the
land or the amount of sewage sludge received bya person who
prepares the sewage sludge for sale or give away in a bag or
similar enclosure for application to the land. As those amounts
increase, the frequency of monitoring increases.

For surface disposal and firing of sewage sludge in a sewage
sludge incinerator, the frequ~ncy of monitoring requirements are
based on the amount of sewage sludge placed on a surface disposal
site and the amount of sewage sludge fired in a sewage slUdge
incinerator, respectively. For these two practices, the frequency
of monitoring also increases as the amount of sewage slUdge used
or disposed increases.

This document discusses calculation of the amounts of sewage
sludge used or disposed for the Part 503 frequency of monitoring
requirements. The assumptions on which those reqUirements are
based and the calculations for the amounts used or disposed are
presented below. Also presented below are the Part 503 frequency
of monitoring requirements.

ASSUMPTXONS

o wastewater is treated in "typical" secondary wastewater
treatment plant (Le., primary settling followed by

. biological treatment followed by secondary settling).

o Sewage sludge is stabilized in an anaerobic digester
prior to use or disposal.

o Influent wastewater BODS concentration = 200 mg/l.

o Effluent wastewater BODS concentration = 30 mg/l.

o Influent wastewater TSS concentration = 200 mg/l.

o Effluent wastewater TSS concentration = 30 mg/l.

L-l



o TSS percent removal in primary treatment process = 60.

o Percent volatile solids in the influent to digester = 60.

o Percent volatile solids reduction in digester = 38.

o Percent fixed solids in the influent to digester = 40

o Solids concentration factor during
secondary settling = 0.9

cAI&UIJ\T'IONS· lOR TREA'l'HENT WORD WITH A PLOW RATE 01' ONE MGD

o TSS removal in primary treatment process:

Influent TSS x Flow rate x Conversion factor x Percent removal

200 mg/l x 1 MGD x 8.34 x 0.6 = 1,000 pounds per day.

o BOD5 removal through secondary settling process:

Influent BODS - Effluent BODS = 200 - 30 = 170 mg/l

Concent~ation removed x FlQW rate x Conv. fact. x Cone. fact.

170 mg/l x 1 MGD x 8.34 x 0.9 = 1,276 pounds per day.

o Sewage sludge to the digester:

Primary settling sludge + secondary settling sludge = total

1,000 + 1,276 = 2,276 pounds per~

o Amount of sewage sludge used or disposed:

Fixed solids = total amount x percent of total solids.

Fixed solids - 2,276 x 0.4 z 210 pounds per day.

Volatile solids = total amount x percent of total solids x
percent remaining after digestion.

Volatile solids = 2,276 x 0.6 x (LO - 0.38) = 847 pounds/day

Total amount used or disposed == Fixed solids + volatile
solids

910 + 847 = 1,7S7 pounds per day

Total amount"'" 1,7S7 pounds x 365
days

days x 1 metric ton
year 2,200 pounds

Total amount for 1 MGD = 292 metric tons per year.

L-2



Report amount in two significant fiqures:

Use 290 metric tons per year for 1 ·MGD treatment works (dry
weight basis)

CALCULATION FOR A TREATMENT WOlUtS WITH A FLOW RATE OF FIVE MGD

Total amount-= Amount for 1 MGD treatment works times 5

Total amount = 290 x 5 = 1,450 metric tons per year

Report amount in two siqnificant fiqures:

Use 1,500 metric tons per year for five MGD treatment works
(dry weight basis) .

CALCULATION FOR A TRBATMENT WOlUtS WITH A FLOW RATE OF 50 MGD

Total amount = Amount for 1 MGD treatment works x 50

Total amount = 290 x 50 = 14,500 metric tons per year

Report amount in two siqnificant fiqures:..
Use 15,000 metric tons per year for 50 MGD treatment works
(dry weight basis)

PART 503 FREOUENCY OF MONITORING REOUIREHENTS

Results of the above calculations were used as the basis for
the frequency of monitoring requirements in Part 503. Those
frequencies are presented below•.

FREQUENCY OF MONITORING. .

Amount of sewage sludge used or disposed
(metric tons per 365 day period-dry weight)

Greater than zero but
less than 290

Equal to or greater than
290 but less than 1,500

Equal to or greater than
1,500 but less tpan 15,000

Equal to or greater than
15,000

L-3

Frequency

once per year

once per quarter
(four times per year)

once per 60 days
(six time per year)

once per month.
(12 times per year)




