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" subchapter O in chapter I of title 40
of the Code of Federal Regulations is
aménded by adding part 503,-which
reads as follows: . »

SUSCHAPTER O—SEWAGE SLUDGE.

PART 503—STANDARDS FOR THE
USE OR DISPOSAL OF SEWAGE
SLUDGE

Subpart A—General Provisicns -

Sec.

503.1. Purpose and applicability.

503.2 Compliance period. .

503.3 Permits and direct enfarceability

503.4 Relationship to other regulations.

503.5 Additional or more stringent
requirements.

503.6 Exclusions.

503.7 Requirement for a person who
prepares sewage sludge.

503.8 Sampiling and analysis. |

503.9 General definitions.

_ Subpart B—Land Application

503.10 Applicability.

503.11 Special definitions.

503.12 General requirements.

503.13 Follutant limits.

503.14 Management practices.

503.15 Operational standards—pathogens
and vector attraction reduction.

503.16 Frequency of monitoring. .

503.17 Recordkeeping.

503.18 Reporting.

Subpart C—Surface Disposal

503.20 Applicability.

503.21 Special definitions.

503.22 General requirements. .

503.23 Pollutant limits {other than domestic
septage). . )

503.24 Management practices.

.503.26 ;_f,requeqcyrgf_xggm}gyi_ng.

.

503.25 Operational standards-—pathogéns
2nd vector attraction reduction.

503.27 Reccrdkeeping. T

503.28 Reperting.

Subpart D—~Pathogens and Vector
Attraction Reduction

502.30 Scope.

503.31 Special definitions.

502.32 Pathogens.

503.33 Vector attraction reduction.

Subpart E—incinetation

503.40 Applicability.

503.41 Special definitions.

503.42 General requirements.

503.43 Pollutant limits. .

5G3.44 Operational standard—total -
hydrocarbons.

$03.45 Management practices.

503.46 Frequency of menitoring.

503.47 Recordkeeping.

503.48 Reporiing.

Appendix A to Part 503—Procedure to

Determine the Annual Whole Sludge

Application Rate for a Sewage Siudge

Appendix B to Part 503—Pathogen -
Treatment Processes

Authority: Sections 405 (d) and (e} of the

- Clean Water Act, s amended by Pub. L. 85—

217, Sec. 54(d), 91 Stat. 1591 (33 U.S.C. 1345
{d) and (e)); and Pub. L. 1004, Title IV, Sec.

" 406 (a), (b), 101 Stat., 71,72 (33 U.5.C. 1251
© et seq.). ’ .

- Subpart A—General Provigions

§503.1 Purpose and applicability.
{a) Purpose. (1) This part establishes
standards, which consist of general .

A-1

. one million gallons per day,

requirements, pollutant limits,
management practices, and operational
standards, for.thé final usa.or disposal’
of sewage sludge generated during the
trestment of demestic 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
dttraction reduction requirements for
sewage sludge applied to the land or
placed on a surface disposal sits:

(2) In addition, the standards in this

- part include the frequency of

monitoring and recordkeeping
requirements when sewage sludge is
applied to the land, placed on a surfece
disposal site; or fired in a sewage sludge
incinerator. Also included in this part
are reporting requiremeats for Class1
sludge management facilities, publicly

.owned treatment works (POTWs) with a

design flow rate-equal to or greater than
and POTWs
that serve 10,000 people or. more. N
(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 nd to the owner/
operator of a surface disposal site. «*
(2) This part applies to sewage sludge
applied to the land, placed on a surface - -
disposal site, or fired in 8 sewage sludge ~
incinerator. s ) :
(3) This part applies to the exit gas -
from a sewage sludge incinerator stack.
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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.

§503.2 Compliance period.

(a) Compliance with the standards in
this part shall be achieved as
expaditiously as practicable, but in no
casa later than February 19, 1994. When
compliance with the standards requires
construction of new pollution control
facilities, compliance with the standards
shall be achieved as expeditiously as
practicable, but in no case later than
February 19, 1995,

- (b} The requirements for frequency of
monitoring, recordkeeping, and
reporting in this part for total
hydrocarbons in the exit gas from a
sewage sludge incinerator are effective
February 19, 1984 or, if compliance
with the oparational standard for total
hydrocarbons in this part requires the
construction of new pollution control

facilities, February 19, 1995.

-~ {c) All other requirements for

uency of monitoring, recordkeeping,
and reporting in this part are effective
on July 20, 1883.

§503.3 Permits and direct enforcesbility.

() Permits. The requirements in this
part may be implemented through a

ermit:

(1) Issued to a “treatment works
treating domestic sewage", as defined in
40 CFR 122.2, in accordance with 40
CFR parts 122 and 124 by EPA orby a
State that has a State sludge
management program approved by EPA
in accordance with 40 CFR part 123 or
40 CFR part 501 0or

(2) Issued under subtitle C of the
Solid Waste Disposal Act; part C of the
Safe Drinking Water Act; the Marine
Pratection, Research, and Sanctuaries
Act of 1972; or the Clean Air Act.
“Trestment works treating domestic
sewage" shall submit a permit e
?é%licnﬁon in accordance with either 40

122.21 or an approved State

pro%ram. s :

{b) Direct enforceability. No person
shall usa or dispose of sawage sludge
through any practice for which
requirements are established in this part
except in accordance with such
requirements, e

$503.4 Relationship to other regulations.
Disposal of sewage sludge in a
municipal solid waste landfill unit, as
defined in 40 CFR 258.2, that complies
with the requirements in 40 CFR part
258 constitutes compliance with section
405(d) of the CWA. Any person who
propares sawage sludge that is disposed
in a municipal solid waste landfill unit

shall ensure that the sewage sludge
meets the requirements in 40 CFR part
258 concerning the quality of materials
disposed in a municipal solid waste
landfill unit.

§503.5 Additional or more stringent
requirements.

(a) On a case-by-case basis, the
permitting authority may impose
requirements for the use or disposal of

. sewage sludgein addition to or more

stringent than the requirements in this
part when necessary to protect public
health and the environment from any
adverss effect of a pollutant in the
sewage sludge.

(b) 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 in this part or from
imposing additional requirements for
the use or disposal of sewage sludge.

§503.6 Exclusions.

(a) Treatment processes. This part
does not establish requirements for
processes used 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. - '

(b) Selection of a use or disposal
practice. This part-does not require the
selection of a 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 of sewage sludge. This
part does not establish requirements for
sewage sludge co-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
include 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.This part does not
establish requirements for the use or
disposal of sewage sludge with a
concentration of polychlorinated

A-2

" may be obtained from

biphenyls (PCBs) equal to or greater
than 50 milligrams per kilogram of total
solids (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
not establish requirements for the use or
disposal of grit {e.g., sand, gravel,
cinders, or other materials with a high
specific gravity) or screenings (e.g.,
relatively large materials such es regs)
generated during preliminary treatment
of domestic sewage in a treatment
works. B

{i) Drinking water treatment sludge.
This part does not establish
requirements for the use or disposal of
sludge generated during the treatment of
either surface water or ground water
used for drinking water.

(3) Commercial and industrial septage.
This part does not establish
requirements for the usé or disposal of
commercial septage, industrial septage,
a mixture of domestic septage and
commercial septage, or a mixture of
domestic septage and industrial septage.

§503.7 Requirement for a8 person who
prepares sewage sludge.

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.

§503.8 Sampling and analysis.

{a) Sampling. Representative 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.

(b) Methods. The materials listed
below are incorporated by reference in
this part. These incorporations by
reference were approved by the Director -
of the 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 of approval, and notice
of any 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
e standard - .
producer or publisher listed in the  __ °
regulation. Methods in the materials
listed below shall be used to-analyze -
samples of sewage sludge.

B
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(1) Enteric viruses. ASTM
Designation: D 499489, “Standard
Practice for Recovery of Viruses From
Wastewatsr Sludges™, 1992 Annual

- Book of ASTM Standards: Section 11—
Water and Environmental Technology,
ASTM, 1916 Race Street, Philadelphia,
PA 19103~1187. ‘ ’

(2) Fecal coliform. Part 9221 E. or Part
9222 D., “Standard Methods for the:
Examination of Water and Wastewater”

- 18th Edition, 1992, American Public
Health Association, 1015 15th Strest,
NW., Washington, DC 20005.

~ (3) Helminth ova. Yanko, W.A.,
“‘Occurrence of Pathogens in
Distribution and Marketing Municipal
Sludges”, EPA 600/1-87-014, 1987.
National Technical Information Service,
5285 Port Royal Road, Springfield,
‘Virginia 22161 (PB-88-154273/AS). -
(4) Inorganic pollutants: *“Test
Methods for Evaluating Solid Waste,
Physical/Chemical Methods”, EPA
Publication SW-8486, Second Edition
* (1982) with Updates I (April 1984) and
1I (April 1985) and Third Edition
(November 1986) with Revision I
(December 1987). Second Edition and
Updates I and II are available from the
National Technical Information Service,
' 5285 Port Royal Road, Springfield,
Virginia 22161 (PB-87-120~291). Third
Edition and Revision I are available -
from Superintendent of Documents,
" Government Printing Office, 941 North
Capitol Street, NE., Washington, DC
20002 {Document Number 955-001-
00000-1). .

(5) Salmonella.sp. bacteria. Part 9260
D., “Standard Methcds for the
Examination of Water.and Wastewater™
18th Edition, 1992, American Public
Health Association, 1015 15th Street,
NW.,, Washington, DC 20005; or

Kenner, B.A. and H.P. Clark,
“Detection and enumeration of
Salmonelia and Pseudomonas
aerugincsa”, 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 rate. Pari

2710 B., “Standard-Methods-for the - -

Examination of Water and Wastewater””
18th Edition, 1992, American Public.
Healtly Association, 1015 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.

....to 40 CFR 403.10(e)) and any treatment

" the case of approved State programs, thie

- constant mass {i.e., essentially 100

“ §5039 Goner‘ nl dnﬁ;\liionn.
{(a) Apply sewage sludge or sewage

."sludge applied to the land means land
o ap&lication of sewage ﬂudﬁfﬁ .
) t has a one

Base flood is a flood
percent chance of occurtring inany
given year (i.e., a flood with a
magnitude equalled once in 100 years).
(c} Class I sludge management facility.
is any publicly owned treatment works
-(POTW), as defined in 40 CFR 501.2;--~
required to have an approved
pretreatment program under 40 CFR
-403.8(a) (including any POTW located
in a State that has elected to assume
local program responsibilities pursuant

works treating domestic sewage, as
defined in 40 CFR 122.2, classified asa °
Class I sludge management facility by
the EPA Regional Administrator, or, in .
Regional Administrator in conjunction
with the State Director, because of the
potential for its sewage sludge use or
disposal practice to affect public health
and the environment adversely. :
(d) Cover crop is a small grain crop,
such as oats, wheat, or barley, not grown
for harvest. S
(e} CWA means the Clean Water Act
(formerly referred to as either the
Federal Water Polhition Actorthe = -
Federal Water Pollution Control Act
Amendments of 1972), Public Law 92~
500, as amended by Public Law 95-217,
Public Law 95-576, Public Law 96-483,
Public Law 97-117, and Public Law
100-4. - <
() Domestic septdge is either liquid or .
solid material removed from a septic
tank, cesspocl, portable toilet, Type T
marine sanitation device, or similar-
treatment Works that receives only ™
domestic sewage. Domestic septage does
not include liquid or solid material
removed from a septic tank, cesspool, or
similar treatment works that receives
either commercial wastewater or
industrial wastewater and does not
include grease removed from a greese
trap at a restaurant. --° .
) Domestic sewage is waste and .
wastewater from humans or household .
operations that is' discharged to or
otherwise enters a treatment works.
(b) Dry weight basis means calculated
on the basis of having been dried at 105
degrees Celsius uintil reachinga ™~ -

percent solids content). - o
(i) EPA means the United States

- Environmental Protection Agency.

(j) Feed crops are crops produced
primarily for consumption by animals. .

(k) Fiber crops are crops $uch as flax
and cotton. —

(1) Food crops are crops consuined by
humans. These include, but are not

A-3

limited to, fruits, vegetables, an
tobacco. :

(m) Ground water is water below the
land surface in the saturated zons.

(n) Industrial wastewater is

- -wastewater generated in a.commercial

or industrial process.

. {0} Municipality means a city, town,
borough, county, parish, district,
association, or other public body
(including an intermunicipal Agency-of -
two or more of the foregoing entities)
created by or under State law; an Indian
tribe or an authorized Indian tribal

- . organization having jurisdiction over

sewage sludge management; or a

- designated and approved management
- Agency under section 208 of the CWA,
~as amended. The definition includes a

special district created under State law,
such as a water district, sewer district,

‘sanitary district, utility district, drainage

district, or similar entity, or an
integrated waste management facility as
defined in section 201{s) of the CWA, as
amended, that has as one of its principal
responsibilities the treatment, transport,
use, or disposal of sewage sludge. :

{(p) Permitting authority is either EPA
cr a State with an EPA-approved sludge
management program. :

(q) Person is an individual,
association, partnership, corporation,
municipality, State or Federal agency, or
an agent or employee thereof.

" (r) Person who prepares sewage

sludge is either the person who )
generates sewage sludge during the '

- treatment of domestic sewage in &

treatment works or the person who
derives d material from sewage sludge.

(s) Place sewage sludge or sewage
sludge placed means disposal of sewage
sludge on a surface disposal site.’ ‘

(t) Pollutant is an organic substance,
an inorganic substance, a combination
of organic and inorganic.substances, or
a pathogenic organism that, after '
discharge and upon exposurs, ingestion,
inhalation, or assimilation into an * '
organism either directly from the
environment or indirectly by ingestion
through the food chain, could, on the
basis of information available to the .
Administrator of EPA, cause death, _
disease, behavioral abnormalities,

- cancer, genetic mutations, physiological

malfunctions (including melfunction in
reproduction), or physical deformations

. in either organisms or offspring of the -
. organisms. * e

u) Pollutant limit is a numerical -~ ;
value that describes the amount ofa., . ;... . .
poliutant allowed per unit smountef ~ "
sewage sludge (e.g., milligrams per .". ..x: -
kilogram of total solids); the amountof
a pollutant that can be applied to a unit ...
area of land (e.g., kilograins per hectare); -,
or the volume of a material that canbe .-
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applied to & unit area of land (e.g.,
gallons per acre).

{v) Huno{}j’f is rainwater, leachate, or
other liquid that drains overland on any

art of a land surface and runs off of the
and surface.

{w) Sewage sludge is solid, semi-solid,
or liquid residue generated during the
treatment of domestic sewage in a
treatmont works. Sewage sludge .
includes, but is not limited to, domestic
soptage; scum or solids removed in
primary, secondary, or advanced
wastewater treatment processes; and a
material derived from sewage sludge.
Sewage sludge does not inc%ude ash

“generated during the firing of sewage
sludge in a sswage sludge incinerator or
grit and screenings generated during
preliminary treatment of domestic
sewage in a treatiment works.  °

{x) State is one of the United States of
America, the District of Columbia, the
Commonwaealth of Puerto Rico, the
Virgin Islands, Guam, American Samoa,
the Trust Territory of the Pacific Islands,
the Commonwealth of the Northern
Mariana Islands, and an Indian Tribe
sligible for treatment as a State pursuant
to regulations promulgated under the

authority of section 518(e) of the CWA. -

{y) Store or storage of sewage sludge
is the placement of sewage sludge on
land on which the sewage sludge
remains for two years or less. This does
not include the placement of sewage
. sludge on land for treatment. -

(z) Treat or treatment of sewage
sludge is the preparation of sewage
sludge for final use or dispossl. This
fncludes, but is not limited to,
thickening, stabilization, and
dewatering of sewage sludge. This does
not include storage of sewage sludge.

(aa) Treatment works is either a
federally owned, publicly owned, or
privately owned device or system used
to treat (including recycle and reclaim)
either domaestic sewage or a
combination of domestic sewage and
industrial waste of a liquid nature.

(bb) Wetlands means those areas that
are inundated or saturated by surface
water or ground water at a frequency
and duration to support, and that under

.normal circumstances do support, a
prevalence of vegetation tygically
adapted for life in saturated soil
conditions, Wetlands generally include
swamps, marshes, bogs, and similar
areas. ‘

Subpart B—Land Application
§503.10 Applicability, . | ..

{a) This subpart applies to any person
who prepares sawage sludge that is
applied to the land, to any person who
applies sewage sludge to the land. to

. .

. which the bulk material is derived

sewage sludge.applied to the land, and
to tl}p iland on which sewage sludge is
applied.

P )(1) Bulk sewage sludge. The general

~requirements in § 503.12 and the

management practices in § 503.14 do
not apply when bulk sewage sludge is -
applied to the land if the bulk sewage
sludge meets the pollutant
concentrations in § 503.13(b)(3), the.
Class A pathogen requirements in

§ 503.32(a), and one of the vector
attraction reduction requirements in
§503.33 (b)(1) through (b)(8).

(2) The Regional Administrator of
EPA or, in the case of a State with an
approved sludge management program,
the State Director, may apply any or all
of the general requirements in § 503.12
and the management practices in
§ 503.14 to.the bulk sewage sludge in
§ 503.10(b)(1) on a case-by-case basis
after determining that the general
requirements or management practices
are needed to protect public health and
the environment from any reasonably
anticipated adverse effect that. may
occur from any pollutant in the bulk
sewage sludge. L

(c)gll The general requirements in

§503.12 and the management practices

in § 503.14 do not apply when a bulk
material derived from sewage sludge is
applied to the land if the derived bulk
material meets the pollutant
concentrations in § 503.13(b)(3), the |
Class A pathogen requirements in

§ 503.32(a), and one of the vector
attraction reduction requirements in
§503.33 (b)(1) through (b)(8).

(2) The Regional Administrator of
EPA or, in the case of a State withan .
approved sludge management program,
the State Director, may apply any or all
of the general requirements in § 503.12
or the management practices in § 503.14
to the bulk material in § 503.10(c)(1) on
a case-by-case basis after determining
that the general requirements or

- management practices are needed to.

protect public health and the . .
environment from any reasonably -
anticipated adverse effect that may. - .
occur from any pollutant in the bulk
sewage sludge. -

(d) The requirements in this subpart
do not apply when a bulk material
derived from sewage sludge is applied
to the land if the sewage sludge from -

meets the pollutant concentrations in

§503.13(b)(3), the Class A pathogen

requirements in § 503.32(a), and one of .

the vector attraction reduction - -

(rg;;ui)rements in"§503.33 (b)(1) through -
(8 :

(e) bewage sludge sold or g}vep a&ay_ )

in a bag or other container for »
application to the land. The general

A-4

. 365 day period. . e

requirements in § 503.12 and the
management practices in § 503.14 do
not apply when sewage sludge is sold or
given away in a bag or other container
for application to the land if the sewage
sludge sold or given away in a bag or
other container for application to the
land rpests the pollutant concentratioris
in § 503.13(b)(3), the Class A pathogen
requirements in § 503.32(a), and one of
the vector attraction reduction
requirements in § 503.33 (b}(1) through
®)(8). - .

(f) The general requirements in

‘ § 503.12 and the management practices
in § 503.14 do not apply when a
“material derived from sewage sludge is

sold or given away in a bag or other
container for application to the land if

the derived material meets the pollutant - .-
. concentrations in § 503.13(b}(3), the
‘Class A pathogen requirements in

§ 503.32(a), and one of the vector
attraction reduction requirements in
§503.33 (b)(1) through (b)(8).

(g) The requirements in this subpart
do not apply when a material derived
from sewage sludge is sold or given
away in a bag or other container for
application to the land if the sewage
sludge from which the material is:
derived meets the pollutant
concentrations in § 503.13(b)(3), the
Class A pathogen requirements in
§ 503.32(a), and one of the vector
attraction reduction requirements in
§ 503.33 (b)(1) through (b)(8).

§503.11 Special definttions.

(a} Agricultural land is land on which
a food crop, a feed crop, or a fiber crop
is grown. This includes range land and
land used as pasture. :

(b) Agronomic rate is the whole
sludge application rate (dry weight
basis) designed: - .

(1) To provide the amount of nitrogen

needed by the food crop, feed crop, fiber -
. crop, cover crop, or vegetation grown on

the land; and ' ‘

{2) To minimize the amount of
nitrogen in the sewage sludge that
passes below the root zone of the crop
or vegetation grown on the land to the .

_ ground water.

{c) Annual pollutaht loading rate is

. the maximum amount of a pollutant that '

can be applied to a unit area of land

‘during a 365 day period. . . . .
.. . (d) Annual whole sludge application
. rate is the maximum amount of sewage

sludge (dry weight basis) that can be
applied to a unit area of land during a
{e} Bulk sewage sludge is sewage
sludge that is not sold or given away in
a bag or other container for application -
to the land. - C ‘
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(f) Cumulative pollutant loading rate
is the maximum amount of an inorganic - -
pollutant that can be applied to an area
of land. : "

(g) Forest is a tract of land thick with ...
tress and underbrush.

(h) Land application-is the spraying-or- -

spreading of sewage sludge onto the

land surface; the injection of sewage
sludge below the land surface; or the
incorporation of sewage sludge into the
_soil so that the sewage sludge can either
condition the soil or fertilize cropsor
vegetation grown in the soil.

?i) Monthly average is the arithmetic
mean of all measurements taken during
the month. .

{3} Other container is either an open
or closed receptacle: This includes, but -
is not limited to, a buckst, a box, a
carton, and a vehicle or trailer with a
load capecity of one metric ton or less.

(k) Pasture is land on which animals
feed directly on feed crops such as
legumes, grasses, grain stubble, or
stover. :

(1) Public contact site is land with a
high potential for contact by the public.
This includes, but is not limited to,
public parks, ball fields, cemeteries,
plant nurseries, turf farms, and golf -
courses. :

{m) Range land is open }and with
indigenous vegetation.

{n) Reclamation site is drastically
disturbed land that is reclaimed using
sewage sludge. This includes, but is not
limited to, strip mines and construction
sites.

§503.12 General requirements.

{a) No person shall apply sewage
sludge to the land except in accordance -
with the requirements in this subpart.

{b) No person shall apply bulk sewage
sludge subject to the cumulative . -
pollutant loading rates in §503.13(b)(2)
to agricultural land, forest, a public
contact site, or a reclamation site if any
of the cumulative pollutant loading
rates in § 503.13(b)(2) has been reached.

{c) No person shall apply domestic
septage to agricultural land, forest, or a
reclamation site during a 365 day period
if the annual application rate in
§ 503.13(c) has been reached during that .
period. .

(d) The person who prepares bulk
sewage sludge that is applied to
agricultural %and. forest, a public contact
site, or a reclamation-site-shall-provide. ..
the person who applies the bulk sewage
sludge written notification of the
concentration of total nitrogen (as Non .
a dry weight basis) in the bulk sewage ™
sludge.- - Ceos Co
(eﬁl) The person who applies sewage
sludge to the land shall obtain :
information needed to comply with the
requirements in this subpart.

" applied to the site in the bu

sewage sludge to the lan

(2)(i) Before bulk sewé%e sﬁdge .
subject to the cumulative pollutant

loading rates in § 503.13(b)(2) is applied

to the land, the person who proposes to
apply the bulk sewage sludge shall
contact the permitting suthority for the
State in- which the-bulk sewage sludge
will be applied to determine whether
bulk sewage sludge subject to the
cumulative pollutant loading rates in

§ 503.13(b)(2) has been applied to the
site since July 20, 1993. .

(ii) If bulk sewage sludge subject to
the cumulative pollutant loading rates
in § 503.13(b)(2) has not been applied to
the site since July 20, 1993, the
cumulative amount for each pollutant
listed in Table 2 of § 503.13 may be
applied to the site in accordance with
§ 503.13(a)(2)(i). .

(iii) If bulk sewage sludge subject to
the cumulative pollutant loading rates
in § 503.13(b)(2) has been applied to the .
site since July 20, 1993, and the
cumulative amount of each pollutant
sewage
sludge since that date is known, the
cumulative amount of each pollutant -
applied to the site shall be used to
determine the additional amount of
each poliutant that can be applied to the
site in accordance with § 503.13(a)(2)(i).

(iv) If bulk sewage sludge subject to
the cumulative pollutant loading rates
in § 503.13(b)(2} has been applied to the.’
site since July 20, 1993, and the :
cumulative amount of each pollutant
applied to the site in the bulk sewage
sludge since that date is not known, an
additional amount of each pollutant
shall not be applied to the site in
accordance with § 503.13(a){2)(i).

{f) When a person who prepares bulk
sewage sludge provides the bulk sewage
sludge to a person.who applies the bulk
sewage sludge to the land, the person -
who prepares the bulk sewage sludge
shall provide the person who applies
the sewage sludge notice and necessary
information to comply with the
requirements in this subpart.

?g) When a person who prepares
sewage sludge provides the sewage

- sludge to another person who prepares

the sewage sludge, the person who
provides the sewage sludge shall
provide the person who receives the
sewage sludge notice and necessary
information to comply with the
requirements in this subpart..
) The person who ap(i)lies bulk
shall provide

the owner or lease holder of the land on
which the bulk sewage sludge is applied
notice and necessary informatior to
comply with the requirements in this

(i) Any person who prepares bulk

- sewage sludge that is applied to land in
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a State other than the State in which the:
bulk sewage sludge is prepared shall
provide written notice, prior to the
initial applicstion of bulk sewage sludge
to the land application site by the
applier, to the permitting autherity for
the State in which the bulk sewags
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 will be applied to the
site. T

(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 land application site
by the applier, to the permitting
authority for the State in which the bulk
sewage sludge will be-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) The name, address, telephone
number, and National Pollutant
Discharge Elimination System permit
number (if appropriate) of the person
who will apply the bulk sewage sludge. * .

§503.13 Poliutant limits. S
{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.* .
(2) If bulk 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 excead the

cumulative pollutant loading rate for the
pollutant in Table 2 of § 503.13; or
{ii) The concentration of each
pollutant in the sewage sludge shall not
exceed the concentration for the '
pollutant in Table 3 of § 503.13. :
(3) If bulk sewage sludge is applied to :
a lawn or a home garden, the -

concentration of each pollutant in the .
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sewags sludge shall not exceed the

concentration for the pollutant in Table -

3 of §503.13.

{4) If sawage sludge is sold or given
awa‘); in a bag or other container for .
application to the land, either:

8) The concentration of each . .
poilutant in the sswage sludge shall not
exceed the concentration for the
pollutant in Table 3 of § 503.13; or

(i}) The product of the concentration
cf each pollutant in the sewage sludge
and the annual whela sludge
application rate for the sewage siudge

all not cause the annual pollutant
loading rate for the pollutant in Teble 4
of §503.13 to be exceeded. The
procadure used to determine the annual
whole sludge application rate is
presented in appendix A of this part.

{b) Poliutant concentrations and
loading rates—sewage sludge.

{1) Ceiling concentrations,
TABLE 1 OF §503.13.—CEIUNG
CONCENTRATIONS
Cellng concentration
Potiutant {milligrams per kio-
gam)?
ALBMOIC e 75
CROMIIM ceesasimmsrsrsene 85
CHOIMIIM oo 3000
[ = o7 4300
[ 1-1.7 840
MBICIY e 57
avessonsmmsersee 75
1= - S 420
SOHNRVM oo rcreiene 100
Zoe —arevatn 7500
TDry weight besis.
(2) Cumulative pol! -nt loading
rates. .

_TABLE 2 OF §503,13.—CUMULATIVE -
POLLUTANT LOADING RATES

nale
per heclare,
ALBOOIC waeeeseesoonsrmmessnonsones 41
Caombm e e 39
COOMIIM cremerrmemssmnsassnne 3000
COPPH e e 1500
Lead e 300
Mescury S 17
MODCOUT comerecsecreaemee 18
Nickot - 420
Selanivm 100
Joe oo e o svee 2800

{3) Pollutant concentrations. m
TABLE 3 OF §503.13.~—POLLUTANT

CONCENTRAT/IONS
. : Mocrihly average con-
per ktogram)' |
AR corsrrrrcssonmensssemionsen 41
(o0 1013 1T 1| ORI 39
CHOMIUM coeereemereem s 1200
Coppel e 1500

TABLE 3 OF §503.13.—POLLUTANT

CONCENTRATIONS—Continued
Poutant contrations ( e
pet Wiogram) *

300
Mercury 17
Mclybdenum ..eecnuccennne.. 18
NICKB] coeesreacrcacessscrssosanace 420
Selenium 36
Zinc . 2600

1 Dry weight basis.

(4) Annual pollutant lcading rates.
TABLE 4 OF § 503.13.~ANNUAL
POLLUTANT LOADING RATES

Annual poliutant loa
Poiutant rate { rams per g’g
tare per aay period)
ATBONC oo 20
CaOMIUM e 1.9
Chromium ..o.ceeevrerrcaennen 150
Coppor o ericemam e, 75
Lead et s 15
Marcury USSR 0.85
Molybdentm ....emveeesne 0.90
NICKO) ceercirecreccssormmsassnnes 21
Seianium 50
oS 140

{c) Domestic septage.

The annual application rate for
domestic septage applied to agricultural .
land, forest; arareclamation site shall
not exceed the annuel application rate
calculated using eguation {1).

~ AAR= Eq. (1) .~ .

0.00268

Where: :

AAR=Annual application rate in gallons per
- acre per 365 day period. . :

* N=Amount of nitrogen in pounds peracre

-per 365 day period needed by the crop
or vegetation grown on the land.

- §503.14 Managsment pricdm.

(a) Bulk sewage sludge shall not be
applied to the land if it is likely to
adversely affect a threatened or
endangered species listed under section
4 of the Endangered Species Act or its
designated critical habitat.

(b) Bulk sewage sludge shall not be
apglied to agricultural Jand, forest, &
public contact site, or a reclamation site
that is flooded, frozen, or snow-covered
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 psrmit issued
pursuant to section 402 or 404 of the
CWA. R .
(c) Bulk sewage siudge shall not be
applied to agricultural land, forest, or a
reclamation site that is 10 meters or less
from waters of the United States, as
defined in 40 CFR 122.2, unless
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otherwise specified by the permitting
authcarit{.k

(d) Bulk sewage siudge shall be
apglied to agricultura! land, forest, a
public contact site, or a reclamatian site
at & whole sludge application rate that
is equal to or less than the agronomic
rate for the bulk sewsge sludge, unless,
in the case of a reciamation sits,
otherwise specified by the permitting

authorlz:

(e) Either a label shall be affixed to the
bag or other contsiner 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
soldp 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 siudgs
that is sold or given away in a bag or
fthgr container for application to the
and.

(2) A statement that application of the
sewage sludge to the lancr 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.

§503.15 Operationsl standarde—
pathogens and vector attraction reduction.
(a) Pathogens—sewage sludge.
(1) The C?ass A pathogen
requirements in § 503.32(a) or the Class
B pathogen requirements and site

- restrictions in § 503.32(b) shall be met -

when bulk sewage sludge is applied to
agricultural land, forest, a public contact
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 lawn 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. - e
) Pathcgens—domestic septage. -

The requirements in either § 503.32
(c)(1} or {c){2) shal]l be met when
domestic septage is applied to
agricultural land, forest, or a
reclamation sita. .

(c) Vector attraction reductio
sewage sludge. e

(1) One of the vector attracton
reduction requirements in § 503.33 . .
(b)(1) through (b}(10) shall be met when
bulk sewage sludge is applied to
sgricultural land, forest, a public contact
site, or a reclamation site.”-"« - - ... . .
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7"(2) One of the vector attraction .
reduction requirements in § 503.33
{b)(1) through (b)(8) 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)(8) shall be met when
sewage sludge is sold or given away in

. abag or other container for application

.10 the land. :

(d) Vector attraction reduction—
domestic septdge. 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.

§503.16 Frequency of monitoring.
- {a) Sewage sludge. (1) The frequency
...of. monitoring 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. °

TABLE. 1 OF § 503.16.—~FREQUENCY OF
MONITORING—LAND APPLICATION

Amount of sewage

sludge ! {metric tons per - Freque
2%5 day period) pe equency
Greater than zero but Once pét year.
less than 280. .
Equal to or greater than | Once per quarter (four
290 but less than times per year).
1,500, :

Equal to or greater than Once per €0 days (six -

1,500 but less than times per year).
15,000.

Equal to or greater than -] Once per month (12
15,000. times per year).

1 Either the amount of bulk sewage sludge applied
to the land or the amount of sewage siudge received
by a person who prepares sewage sludge that is
sold or given away in a bag or other container for
application 10 the 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
frequency of monitoring be lessthan
once per year when sewage sludgeis
applied to the land. .

{b) Domestic septage. If either th
.pathogen requirements in § 503.32(c)(2)
cr the vector attraction reduction
requirements in § 503.33(b)(12} are met

--when domestic septage is applied to
agricultural land, forest, or a
reclamation site, each container of
domestic septage applied to the land-

" shall be monitored for compliance with

those requirements. L
{Approved by the Office of Management and"
.Budget under control number 2040-0157)
§503.17 Recordkeeping. '
{a) Sewage sludge. (1) The person who

"'prepares the sewage sludge in
§

503.10(b)(1) or (e) shall develop the
following information and shall retain
the information for five years:
. (i)Y The concentration of each
pollutant listed in Table 3 of § 503.13 in
the sewage sludge. :

{ii) The following certification
statement: ) S

*1 certify, under penalty of law, thai the

" Class A pathogen requirements in § 503.32(a) ~
- and the vector attraction reduction .

requirement in [insert one of the vector
attraction reduction requirements in
§503.33(b)(1) through § 503.33(b){8)] have
been met: This'determination has been made
under my direction and supervision in
accordance with the system designed to
ensure that qualified personnel properly
gather and evaluate the information used to
determine that the pathogen requirements
and vector attraction reduction requiremerts
have been met. I am aware that there are
significant ‘genaltjes for false certification
including the possibility of fine and
imprisonment.”

(iii) A description of how the Class A
pathogen requirements in § 503.32(a) are
met.

(iv}) A description of how one of the
vector attraction reduction requirements
in-§ 503.33 {b}{1) through (b)(8) is met.

{2) The person who derives the
material in § 503.10 {c){1) or {f) shall
develop the following information and
shall retain the information for five
years: :

(i) The concentration ofeach
pollutant listed in Table 3 of § 503.13 in
the material.

(ii) The following certification
statement:

*[ certify, under penalty of law, that the
Class A pathogen requirements in § 503.32(a)
and the vector attraction reduction
requirement in [insert one of the vector
attraction reduction requirements in § 503.33
{(b)(1) through (b)(8)] have been met. This
determination has been made under my
direction and supervision in accordance with
the system designed to ensure that qualified
personnel properly gather and evaluate the
‘information used to determine that the

.pathogen requirements and the vector

attraction reduction requirements have been
met. ] am aware that there are significant
penalties for false certification including the
possibility of fine and imprisonment.”

(iii} A description of how the Class A
pathogen requirements in § 503.32(a) are
met. |- e v

{iv) A description of how one of the
vector attraction reduction requirements
in § 503.33 (b)(1) through (b)(8) is met.
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(3) If the pollutant concentrations in
§ 503.13(b)(3), the Class A pathogen
requirements in §503.32(a), and the
vector attraction reduction requirements
in either § 503.33 (b)(9) or (b)(10) are
met when bulk sewage sludge is applied

o agricultural land, forest, a public

contact site, or a reclamation site:
{i) The person who prepares the bulk
sewage sludge shall develop the

_following information and shall retain . - e

the information for five years.

(A) The concentration of each
pollutant listed in Table 3 of § 503.13 in
the bulk sewage sludge. i

{B) The following certification

- statement:

*“f certify, under penalty of law, that the
thogen requirements in § 503.32(a) have
gen met. This determination has been made

under my direction and supervision in -

“-accordance with the system designed to. .. . o

ensure that qualified personnel properly
gather and evaluate the information used to
determine that the pathogen requirements
have been met. I am awaere that there are
significant penalties for false certification
including the possibility of fine and
imprisonment.” ) )

{C) A description of how the pathogen
requirements in § 503.32(a) are met.

ii) The person who apf»lies the bulk
sewage sludge shall develop the
following information and shall retain
the information for five years. '

(A) The following certification
statement:

“] certify, under penalty of law, that the
management practices in § 503.14 and the
vector attraction reduction requirement in
[insert either § 503.33 (b){9) or (b)(10)] have

- been met. This determination has been made

under my direction and supervision in
accordance with the system designed to
.ensure that qualified personnel properly
gather and evaluate the information used to
determine that the management practices and
vector attraction reduction requirements have
been met. I am aware that there are
significant penalties for false certification
including fine and imprisonment.”

(B) A description of how the
mansgement practices in § 503.14 are
met for each site on which bulk sewage

sludge is applied. - oot .
(C) A description of how the vector

- attraction reduction requirements in

‘either § 503.33(b)(9) or (b)(10) are met
for each site on which bulk sewage
sludge is applied. . .

(4) If the pollutant concentrations in
§ 503.13(b)(3) and the Class B pathogen -
requirements in § 503.32(b) are met .
when bulk sewage sludge is applied to
agricultural land, forest, a public contact
site, or a reclamation site: :

{i) The person who prepares the bulk .
sewage sludge shell developthe - -
following information and shall retain-
the information for five years: T
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{A) The concentration of each
poiluunt listed in Table 3 of §502.13 in
tha bulk sewags sludge.
{8} The following eemﬁcauon
statement:
“1 w:tify under, penalty of law, that the
. Class B en requirements in § 503.32(b)
ard the vector sttraction reduction
requirsment in {insert one of the vector
attraction reduction requirements in §503.33
(b)X1) through (b)(8] if one of thote
mequircments is met] bave been met. This
datermination kas been made under my
diroclion and supervision in accordance with
the system designed to ensure that quaiified
pessonnel properly gather end evaluate the
information used to determine that the
pathogan sequirsmonts Jand vector atiraction
reduction mq.!lmman!s if applicable} have
been met, I am awaro thet there are
significant pecalties for false certification
including the possibility of fine and
imprisonment.”

{C) A description of how the Class B
pathogen requirements in § 563.32(b}
are mat.

{D) When one of the vector attraction

- reduction ments in § 503.33
(5}(1) through (b)(8) is met, a description
cf how the vecter attraction reduction

irement is met,

i 1i) The person who applies tha bulk
sowage sludpe shall develop the
following information angd shall retain
the information for five years,

(A) The following certification
statament:

*“1 certify, under penalty of law. that the
management ces in § 503.14, the site
restrictions in § 502.32(bX5}, and the vector
atiraction reduction requirements in linsert
either § 503.33 (b)}9) or (b}{10}, if one of those
requirements is mot} havs boen met for each
site on which bulk sewags sludge is applied.

This dstermination has besn made undermy . Y

direction and supervision in accordance with
the system designed to ensure that qualified
personnel properly gather and evaluate the -
information used {o determine that the
management practices and site restrictions
{and tbs vector attraction reduction :
requirements if applicable] have been met.
am aware that thers are significant penaities
for false certification including the
pessibility of fine and imprisonment.”

{B) A description of how the ..
mansgement practices in § 503.14 are
maet for each site on which bulk sewage
shxd is applied.

C) A description of how the site -
mstncﬁons in § 503.32(b}(5) are met for
each site on which bulk sewzge sludge
is a!g lied. :

When the vector attraction
mducuon requirement in either § 503.33
{b)(8) or (b}{1D) is met, a description of
how the vector attraction reducticn

uirement is met.
m?s) If the requirements in
§ 503.13(:](2)(:) ars met when bulk -
sawage sludge is applied to agncuhural

land, forest, @ public contac! site; ora
reclamation site:

(i) The person who pr2 a."es ths bulk
sewage siudge shall develop ths
following information and shall retain
the m'ormatxon for five years.

(A) The concentration of each .
pmol‘};xtt;k 1t listed i 1:} stle 10f§503.13in

o bulk sewage sludgs.

(B} The following certification
statement:

*I certify, under penalty of law, tkat the
pa requirements in {insert either
§ 503.32(a) or § 503.32(b)} and the vector
attraction reduction requirement in {insert
one of the vector attraction reduction
requirements in § 503.33 (b}(1) through (h}{8)
if one of those requirements {3 met] have
been met. This deterrination has been made
under my direction and supervision in
e that ealifiod persannel properh
ensurs ')
gather und cvaluate the infarmation use{i to
determine that tlie pathogen requirements
fand vectar aftraction reduction
requirements) have been met. I am aware thst
there are significant penalties far false
certification includirg the possibility of fine
snd impriconment.”

(C) A description of how the pathogen
requmaxren:s in either § 503 32 {a) or (b}
are met,

(D) When one of the vector attraction
requirements in § 503.33 (b}{1) through
{b}{8) is met, & description of how the
vector attraction requirement is met.

{ii} The person who appiies the bulk
sewage sludgs shal} develop the
following information, retain the
information in § 503.17 {(a){5)Gi)(A)
through (a)(5)(ii)(G) indefinitely, and
retain the information in § 503.17
(a)(5)(ii}{H) through fa){5)ii}(M) for five
ears. -

(A) The location, by either street
address or latitude and longitude, of
each site on which bulk sewage-sludge
is applied.: -

* (B) The number of hectares in each
sitelondwhich bulk sewage sludge is
ie

(C) The date and time bulk sewage

" sludge is applied to each site.

{D) The cumulative amount of each
pollutant (i.e., kilograms] listed in Table
2 of §503.13 in the bulk sewage sludge
applied to each site, including the
amount in § 503.12(e}{2)(iii). .

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

{F) The following certxﬁcahon )
statemnent:

I certify, under penalty of law, that the
requirements to obtain information in

. §503.22(¢)(2) have been met for each site on

which buik sewage shudge is applied. This
determination has been made under my -
direction end supervision in accordance with
the system designed to ensure that qualified
personnel properly gather and evaluate the
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" vector attraction reduction

infcrmation used to determine that tke
roqeirements o oblain infonmalion have been
et ) sm aware that there are significant
penaitias for false certification including fiae
and imprisonment.” .

{G) A deseription of how the
requirernents to obtain information in
§503.32{0)(2) are r1et.

(H) The fcllowing certification
statement:

“] certify, under penalty of law, that tho
maneagement practices in § 503.14 have beon
met for eech sits on which bulk sewege
sludgs is applied. This determination has
been made under my direction and
supervisicn in accardance with the system

. desigred to ensure that qualified personne!

properly gather and eveluate the information
used to determine that the management
practices have boen met. | am aware that
there are significant penalties for false
certification including fine end
imprisonment.”

(7} A description of how the
management practices in § 503.14 are
mat for each site on which bulk sewage
sludg_gs applied. - .

(J} The following oamﬁcaﬁon
statement whan the bulk sewage sludgo
meats the Class B pathogen
requirements in § 503.32(b):

*1 certify, under penalty of law, that the
site restrictions in § 503.32(bX5) bave been
met. This determination has teen rade
under my direction and supervision in
accardance with the system designed to
ensure that qualified personnel properly
gather and evaluate the information used to
determine that the site restrictions have been
met. | am aware that there are significant )
penalties for false certification including Ere
and imprisonment.”

(X} A description of how the site
restrictions in § 503.32(b)(5) are met for
ezch site an whu.h Class B'bulk sewage
sludga is a‘p{) .

(L) The mmrg certification
statement when the vector attraction
recuction requiremant in either § 503.23
(b)) cr (&}(10) is met:

I certify, under penalty of law, that the
requirement in
[insert either § 503.33(b)(9) or § 503.33(b}{10})}
has been met. This determination has been
made under my direction and supervision in -
accordance with the system designed to
ensure that'qualified personnel properly
gather and evaluate the information used to

determine that the vector attraction reduction

requirement has been met. | am aware that _
there are significant penalties for false

.. certification including the possibihty of fine -

and imprisonment.”
{M) If the vector attracnon mducuo-n .

‘ requirements in either § 503.33 (b}{8) or '

(b)(10) are met, ¢ description of how !he
requirements are met. °°

6) If the requirementsin. .
§ 503.13(a){4){ii) are met when sewage .
sludge is sold or given awayinabagor - -
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. other container for application to the -

land, the person who p the -

" sewage sludge that is sold or given away
.- in a bag or other container shall develop
the following information and shall

-retain the information for five years;

(1) The ammual whole slodge
application rate for the sewags sludge

" that does not cause the annual poliutant

" loading rates in Teble 4 of § 503.13 to
be exceaded. :

{ii) The concentration of each
pollutamt listed in Table 4 of §503.13 in
the sewage sludge.

(iii) The following certification
statement .

“I certify, under penalty of law, tbat the
management practice in § 503.14(e), the Class
A pathogen requirement in § 503.32[a), and
the vector attraction reduction requirement
in [insert one of the vector attraction
reduction requirements in § 503.33 {b)(1)
through }{8)] have been met.‘This -
determination has been made under my
direction and supervision in accordance with
the system designed to ensure that qualified
personnel properly gather and evaluate the
information used to determine that the
mansgement practice, pathogen
requirements, and vector attraction reduction
requirements have been met. ] am aware that
there are significant penalties for false
certification including the possibility of fine
and imprisonment.”

{iv) A description of how the Class A
pathogen requirements in § 503.32(a) are
met.

{+) A description of how 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 mfarmatxcn for five
years: .

(1) The location, by either street
address or latitude and longitude, of
each site on which domestic septage is
applied.

2) The number of acrss in each site
on which domestic soptadge is applied.

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

F 4) The nitrogen requirement for the
crop or vegetation grown on each site
during a 365 day period.

{5) The rate, in gallons per acre per
365 day period, at which domestic
septage is applied to each site.

(6) The fol owmg certification
statement: - :

“I certify, under penalty of law, that the
pathogen requirements in Jinsert either

§503.32(c)(1) or § 503.32(c)(2)] and the vector

attraction.reduction requirements in finsert
§ 503.33(b){9), § 503.33(b)(10), or

§ 503.33(b)(12)] have been met. This
determination has been made under my

direction and supervision in accordance with
the system designed to ensure that qualified
personnel properly gather and evaluate the
inforthation used to determine that the
pathbgen requirements and vector attraction
reduction requirergents have been met. 1am
aware that there are significant penalties for
false cortification inciuding the poss.\bility of
fine and imprisonment.”

(7) A description of how the p-thogen
requirements in either § 50333 {e)1) or
(c)(2) are met. - .
(8)'A description- ofhow thevector - "= v =
attraction reduction ments in .
§503.33 {b)(9). (b)(10), or (b)(12) are
met.
(Approved by the Dffice of Management and
Budget under control number 2040-0157)

§503.18 Reporting. - v
{a) Class I sludge management

“facilities, POTWs (as defined in 40 CFR

501.2) with a design flow rate equal to
or greater than one million'gallons per
day, and POTWs that serve 10,000

‘people or more shall submit the

following mformatmn to the permitting
authority:

{1) The mformauon in §503.17(s),
except the information in § 503.17
{a)(3)(i1), (a){(4)(ii) and i (a)(5)(ii), for
the appropriate requirements on
February 19 of ea

(2) The information in § 503.17
(a)(5)(ii)(A) through-(a}{5)(ii){G)}on —~ -
{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 loeding rates in
Table 2 of § 503.13 is reached at a site.
[Approved by the Dffice of Management and
Budget under control number 2040-0157)



93936

Federal Register / Vol. 58, No. 32 / Friday, February 19, 1993 / Rules and Regulations

post-graduate degree in the natural
sciences or engineering who has
sufficient training and experience in
ground-water hydrology and related
fields, as may be demonstrated by State
registration, professional certification,
or completion of accredited university
programs, to make sound professional
judgmaents regarding ground-water
monitoring, pollutant fate and transport,
and corrective action.

(m) Seismic impact zone is an area
that has a 10 percent or greater . .

robability that the horizontal ground
avel acceleration of the rock in the area
exceads 0.10 gravity once in 250 years.

{n) Sewage siudge unit is land on

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

(o) Sewage sludge unit boundary is
the outermost parimeter of an active
sewage sludge unit.

(p) Surface disposal site is an area of
land that contains one or more active
sewage sludge units,

(q) Unstable crea is land subject to
natural or human-induced forces that
may damags the structural components
of an active sewage sludge unit. This
includes, but is not limited to, land on
which the soils are subject to mass
movement.

§503.22 General requirements.

() No person shall placs sewage
sludge on an active sewage sludge unit
unless the requirenents in this subpart
ars met. )

(b) An active sewage sludge unit
located within 60 meters of a fault that
has displacement in Holocens time;
located in an unstable area; or located
in a wetland, except as provided in 2
permit issued pursuant to section 402 of
the CWA, shall close by [insert date one
year after the effective date of this Final
rule], unless, in the case of an active
sawage sludge unit located within 60
metors of a fault that has displacement
in Holocens time, otherwise specified
by the permitting authority,

(c) The owner/operator of an active
sewage sludge unit shall submit a

written closurs and post closure planto -

the permitting authority 180 days prior
to the date that the active sewage sludge
unit closes. The plan shall describe how
the sewage sludge unit will be closed
and, at a minimum, shall include:

(1) A discussion of how the leachats
collection system will be operated and
maintained for three years after the
sawage sludgs unit closes if the sewage
. sludge unit has a liner and lsachate
collection system.

(2) A description ¢ *e 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 § 503.24(j)(2).

(3) A discussion of how public access
to the surface 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 placad on the land.

§503.23 Poliutant limits {other than
domestic septags).

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

(1) Except as provided in § 503.23
{2)(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 exceed the
concentration for the pollutant in Table
1 of § 503.23.

TABLE 1 OF §503.23.~POLLUTANT CON-
CENTRATIONS—ACTIVE SEWAGE SLUDGE
UNIT WITHOUT A LINER AND LEACHATE

. COLLECTION

potuan Sozcratey
m rams
‘ kiograms ) |
Arsanic : 73
Chromium 600
Nicksl 420
1 Dry weight basis.

(2) Except as provided in § 503.23(b),
the concentration 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. =

(f) 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 in Table 2 of § 503.23 that
corresponds to the actual distance in
§ 503.23(a)(2)(i). “

A-10

TABLE 2 OF §503.23.—POLLUTANT CON- ~
CENTRATIONS—ACTIVE SEWAGE SLUDGE
UNIT WITHOUT A LINER AND LEACKATE
COLLECTION SYSTEM THAT HAS A UnIT
BOUNDARY TO PROPERTY LINE. Dis-
TANCE LESS THAN 150 METERS

Unit boundary 1o Poflutant concentration !

property line

Amonic | S |y

Disiance (meter3) | (MQ/XQ) | (moxgy | (MBX0)
0 10 less than 25 | 0 200 210
25 1o less than 50 34 220 240
50 to less than 75 39 260 270
75 10 less than

100 46 300 320
100 1 loss than

|2 J 53 360 390
125 10 lass than

150 62 450 420

1 Dry weight basis,

(b) Active 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 surface 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
and when the permitting authority -~
determines that site-specific pollutant

- limits are appropriate for the active

sewage sludge unit.

'(2) The concentration of each
pollutant listed in Table 1 of § 503.23 in
sewage sludge placed on an active

- sewage sludge unit without a liner and

leachate collection system shall not
exceed either the concentration for the
pollutant determined during a site-
specific assessment, as specified by the
permitting authority, or the existing
concentration of the pollutant in the
sewage sludge, whichever is lower,

§503.24 Management practices.

{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
4 of the Endangered Species Act or its
designated critical habitat, = =

:(b) An active sewage sludge unit shall -
not restrict the flow of abaseflood. . ..

{(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. . ‘ o

(d) An active sewage sludge unit shall
be located 60 meters or more froma -
fault that has displacement in Holocene
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" time, unless otherwise specified by the

permitting authority.
(e) An active sewags sludge unit shall
not be located in an unstable area.
‘(f) An active sewage sludge unit shall
not be located in & wetland, except as
provided in a permit issued pursuant to
section 402 or 404 of the CWA.
{g)(1) Run-off from an active sewage
sludge umnit shall be collected and shall
be disposed in accordance with

* National Pollutant'Discharge-

Elimination System permit
requirements and any other applicable

’ uirements. :

2) The run-off collection system for
an active sewage sludge unit shall have
the capacity to handle run-off from a 24~
hour, 25-year storm event.

(h) The leachate collection system for -
an active sewsge sludge unit thathas a
liner and leachate collection system

*'~shall be operated and maintained during

the period the sewage sludge unit is
active and for three years after the
sewage sludge unit closes. i

(i) Eeachate from an active sewage
sludge unit that has a liner and leachate-
collection system shall be collected and
shall be disposed in accordance with
the applicable requirements during the
period the sewage sludge unit is active
and for three years after the sewage
‘sludge unit closes. - - -

(;)?1) When a cover is placed on an
active sewage sludge unit, the
concentration of methane gas in air in
any structure within the surface
disposal site shall not exceed 25 percent
of tl}:e Jower explosive limit for methane

gas during the period that the sewage
sludge unit is active and the
concentration of methane gas in air at
the property line of the surface disposal
site shall not exceed the lower explosive
limit for methane gas during the period
that the sewage sludge unit is active.

{2) When a final cover is placed on a
sewage sludge unit at closure, the
concentration of methane gas in air in
any structure within the surface
disposal sits shall not exceed 25 percent
ef the lower explosive Timit for methane
gas Yor three years after the sewage ’
sludge unit closes and the concentration
of methane gas in air at the property line
of the surface disposal site shall not
exceed the lower explosive limit for
methane gas for three years afterthe .
sewage sludge unit closes, unless '

. otherwise specified by the permitting
authoriz. S ,

1k) A foed crop, a feed crop, or a Tiber
crop shall not be grown on an active
sewage sludge unit, unless the owner/

- operator of the surface disposal site
demonstrates to the permitting authority
that through management practices
public health and the environment are

" -unit in the surface disposal

- protected from any reasonably
anticipated adverse effects of pollutants
in sewage when crops are grown.

{1) Antimals shall not be grazed on an

“"active sewage sludge unit, unless the -

owner/operator of the surfice disposal

site demonstrates to the permitting ’
authority that thro;gh mmmmt
practices public health and

environment are protected from any

reasonably anticipated adverse effects of

- pollutants-in:sewage sludge when" -~ "~

animals are grazed. .
{m) Public access to a surface di
site shall be restricted for the period that
the surface disposal site contains en
active sawa&e sludge unit and for three
years after the last active sewage sludge
PARERE Sorlos i £ e ppena
1) Sewage cod on an
active sawage sludge unit shall not
‘contaminate an aquifer. :

sonitoring p bya
qualified d-water scientist or a
-certification by-a qualified ground-water
scientist shell be used to demonstrate
that sewage sludge placed on an active
sewage sludge unit does not
contaminate ap aquifer. -

§503.25 Operations! standards—
pathogens and vector attraction reduction.

{a) Pathogens—sewage sludge (other
than domestic septage). The Class A -
patho requirements in § 503.32(a) or
one of the Class B pathogen
requirements in § 503.32 (b)(2) through
(b)(4) shall be met when sewage sludge
is placed on an active sewage sludge
unit, unless the vector attraction
reduction requirement in § 503.33(b}J{11)
s met, : .

{b) Vector attraction reduction—
sewage sludge (other than domestic. -
septage). One of the vector attraction
reduction requirements in §503.33
(b)(1) through (b)(11) shall be met when
sewage sludge is placed on an active
sewage sludge unit. :

{c) Vector attraction reduction— *
domestic septuge. One of the vector
.attraction reduction requirement in
§ 503.33 (b)(9) through (b){12) shall be
met when domsstic septage is placed on
an active sewsage sludge omit. - -

§503.26 Frequency of monltoslng. -
(2) Sewage sludge{atherthan .
Adomestic septage). - T
{1) The frequency of monitoring for
the pollutants in Tables 1 and 2 of
§ 503.23; the pathogen density
requiraments in §503.32(s)andin -
§503.32 (b)(2) through (b}{(4); and the
vector attraction reduction requirements-
ir §503.33 (b)(1).through b)(8) for
sewage sludge placed on an active
sewage sludge unit shall be the
frequency in Table 1 of § 503.26.

A-11

- {a)(5)(iii), but in no-case

-during the period that

_ sewage sludge unit:

. following information and shall

TABLE 1 OF §503.26.—FREQUENCY OF
* MONITORING—SURFACE DISPOSAL

-Amount of sswage
1 (metric ons per
%uym
less than 200.

Equal 10 0r graater than } Onca per quaster (four
.290 but less than AWnes per year)..

1,500. 1
1] Once per 80 days {six. . _—

Eq:ﬂlbor‘m'm

1.500 butiees than ™ | tmes per year).
15,000. - :
Equal 1o or greatar than  } Onos per month (12
15000. ~ ¢« ]| mesperyear)

 Amount of aawag placed ative
mwmg:ymusm on s
{2) After the sewage sludge has been

‘monitored for two years at the frequency

in Table 1 of § 503.26, the tting
thority may reduce the ﬁncy of
monitoring for pollutant concentrations

-(2) Results-of-a ground-water == and for the pathogen density

requirements in §.503.32 {8){5)(ii) and
shall the
frequency of monitaring be less than
once per year- when sewags sludge is
placed on an active sowage sludge unit.
{(b) Domestic septage. H the vectar
attraction reduction requirements in
§503.33(b)(12) are met when domestic
septage is placed on an active sewage
sludge unit, each container of domestic. - .-

" septage shall be monitored for

compliance with those requirements.

{c) Air. Air in structures within a
surface disposal site and at the pro
line of the surface disposal site be
monitared continuously for methane gas
e surface
disposal site contains an active sewage
sludge it on which the sewage sludge
is covered and for three years after a ]
sewage sludge unit closes when g final . -
cover is placed on the sewage sludge.
{Approved by the Office of Management-ard
Budget under control number 2640~0157 -

© . §503.27 Recordkeeping.

(a) When sewage sludge (other than
domestic septage) is placed on an active

(1) The person who preparss the
sewage sludge shall develop the .
ain .

the information for five years.

.7 (i) The concentration of each 'A T
“polluiant listed in Table 1.0f § 503.23 in

the sewage sludge when the pollutant -.
concentrations in Table 1 of §503.23 are .
met. .
{ii) The following certification ~
statement: T R

“I ceriify, unider penalty of law, that the
pathogen requirements in [insert § 50332{s),
§503.32(b)(2), § 503.32(b){3), or § 503.32(b)«)

. when one of those requirements is inet] and

the vector attraction reduction requ

nts
in {imsert-one of the vector attraction ’




Subpart D-—Pathogens and Vector
Attraction Reduction -

(a} This subpart contains the .
requirements for a sewage sludge to be
classified either Class A or Class B with
resigact to pathogeng. =3 e -
. (b) This subpart contains the site - -
restrictions for lanid on which a Class B
sewage sludge is applied. ... =~ .. -

{c) This subpart contains the pathogen
requirements for domestic septage

A-12
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applied to agricultural land, forest, or a
reclamation site. .

(d) This subpart contains alternative
vector attraction reduction requirements
for sewage sludge that is applied to the

‘land or placed on a surface disposal site.

§503.31 Speclal definitions.

(a) Aerobic digestion is the
biochemical decomposition of organic
matter in sewage sludge into carbon
dioxide and water by microorganisms in’
the presencs 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 of microorganisms is the
number of microorganisms per unit
mass of total solids (dry weight) in the
sewage sludge. - ‘

{(d) Land with a high potential for
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 for
public exposure is land that the public

_. usaes 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).

(f) Pathogenic organisms are disease-
causing organisms. These include, but
are not limited to, certain bacteria,
protozoa, viruses, and viable helmirith
ova.

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

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

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

(§) Unstabilized solids are organic ,
materials in sewage sludge that have not
been treated in eisxer ‘an aerobic or
anaerobic treatment process.

(k) Vector attraction is the .
characteristic of sewage sludge that .
attracts rodents, flies, mosquitos, or
other organisms capable of transporting
infectiousagents. . . . ... .

(1) 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. .o
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§503.32 Pathogens. . ]

(a) Sewage sludge—Class A. (1) The
requirement in § 503.32(a)(2) and the
requirements in either § 503.32{a)(3),
(a)(4), (a)(s). (a)(6), (a)(7), or (a)(8) shall -
be met for a sewage sludge to be
classified Class A with respect to

- pathogens.

(2) The Class A pathogen
requirements in § 503.32 (a)(3) through
(a}(8) shall be met either prior to

- meeting or at the-same-time-the vector. .-
attraction reduction requirements in
§ 503.33, except the vector attraction
reduction requirements in § 503.33
(b)(6) through (b)(8), are met.
(3) Class A—Alternative 1. (i) Either
" the density of fecal coliform in the
- sewage sludge shall be less than 1000
Most Probable Number per gram of total
solids (dry weight basis), or the density
“of Salmonella sp. bacteria in the sewage
- sludge shall be lessthan- three-Most~ -~
Probable Number per four grams of tota}
solids (dry weight basis) at the time the
sewage sludge is used or disposed; st
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
- material derived from sewage sludge is
prepared to meet the requirements in
§503.10 (b), {c), (e); or ().
~ (ii) The temperature of the sewage -
sludge that is used or disposed shall be
maintained at a specific value fora -
period of time. "

(A) When the percent solids of the
sewage sludge is seven percent or
higher, the temperature of the sewage
sludge shall be 50 degrees Celsius or -
higher; the time period shall be 20
minutes or longer; and the temperature
and time period shall be determined
using equation (2), except when small

- particles of sewage sludge are heated by
either warmed gases or an immiscible
liquid.
131,700,000

D= —pea ~ B2 @

Where,
‘D=time in days.
t=temperature in degrees Celsius.
{B} When the percent solids of the
- sewage sludge is seven percent or higher
and small particles of sewage sludge are

heated by either warmed gases cran -~ -

immiscible liquid, the temperature of
the sewage sludge shall be 50 degrees
Celsius or higher; the time period shall
be 15 seconds or longer; and the - -
temperature and time period shali be
determined using equation (2). :

{C) When the percent solids of the .
sewage sludge is less than seven percent
and the time period is at least 15

seconds, but less than 30 minutes, the« -
. contains enteric viruses.

temperature and time period shall be

- determined using equation (2).

{D) When the percent solids of the

“-sewage sludge is less than seven

percent; the temperature of the sewags
sludge is'50 degrees Celsius or higher;
and the time period is 30 minuvtes or
longer, the temperature and time period
shall be determined using equation (3).

2. 50,070,00Q.... . '
D= TN Eq. (3)

Where,

_ D=time in days.

t=temperature in degrees Celsius.

* . (4) Class A—Alternative 2. {i) Either - -
-the density of fecal coliform in the -

sewage sludge shall be less than 1000
Most Probable Numberper gram of total

solids (dry-weight basis), cr the density—

of Salmonella sp. 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
sewage sludge is used 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
material derived from sewage sludge is

prepared to-mest-the-requirementsin- -

§503.10 (b), (c), (e, or ().

(ii) (A) The pH of the sewage sludge
that is used or disposed shell be raised
to above 12 and shall remain above 12
for 72 hours. ) .

(B) The temperature of the sewage
sludge shall be above 52 degrees Celsius

for 12 hours or longer during the period .

that the pH of the sewage sludge is
above 12. -

(C) At the-end of the 72 hour period
during which the pH of the sewage
sludge is above 12, the sewage sludge
shall be air dried to achieve a percent
solids in the sewage sludge greater than
50 percent. C

(5) Class A—Alternative 3. (i) Either
the density of fecal coliform in the
sewage sludge shall be less than 1000
Most Probable Number per gram of total
solids (dry weight basis), or the density
of Salmonella sp. bacteria in sewage
sludge shall be less 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 give away in a bag or other
container for application to the land; or
at the time the sewage sludge or
material derived from.sewsge sludge is
prepared to mest the requirements in
§503.10 (b), (c), (e), or (f). .

(ii) (A) The sewage sludge shall be
analyzed prior to pathogen treatment to

A-13

-total solids {dry wei
. sawage sludge is Class A with respect to

determine wﬁath‘er the sewage sludge

(B) When-the density of enteric
viruses in the sewage sludgs prior to
pathogen treatment is less than one
Plaque-forming Unit per four grams cf
t basis), the

enteric viruses until the next manitoring
episode for the sawga sludge.

{C) When the density of enteric
viruses in the-sewage sludge priorto
pathogen treatment is equal to or greatsr
than one Plaque-forming Unit per four.
grams of total solids (dry weight basis),
the sewage sludge is Class A with
respect to enteric viruses when the

."density of enteric viruses in the sewage

sludge after pathogen treatment is less
than one Plaque-forming Unit per four
grams of total solids (dry weight besis)
and when the values or ranges of values
for the operating parameters for the
pathogen treatment process that _
produces the sewage sludge that meets
the enteric virus density requirement
are documented. ‘

(D) After the enteric virus reduction
in paragraph (a)(5)(ii)(C) of this section
is demonstrated for the pathogen "
treatment process, the sewage sludge

" continues to be Class A with respect to

enteric viruses when the values for the
pathogen treatment process operating
parameters are consistent with the
values or ralx:ges o)f(va]u§s fdmlucumented
in (a)(5)(ii)(C) of this section.

hE m(gra 'Phe sewage sludge shall be
analyzed prior to pathogen treatment to
determine whether the sewage sludge
contains viable helminth ova.

(B) When the density of viable
helminth ova in the sewage sludge prier
to pathogen treatment is less than one
per four grams of total solids (dry =~ ~
weight basis), the sewage sludge is Class
A with respect to viable helminth ova
until the next monitoring episode for
the sewage sludge.

(C) When the density of viable
helminth ova in the sewage sludge prior
to pathogen trsatment is equal to or
greater than one per four grams of total
solids (dry weight basis), the sewage
sludge is Class A with respect to viable

- helminth ova when the density of viable

helminth ova in the sewage sludge after
pathogen treatment is less than one per
four grams of total solids (dry weight
basis) and when the values or ranges of
values for the operating parameters for
the gathogen treatment process that
produces the sewage sludge that meets
the viable helminth ova density
uirement are documented.
re«a)) After the viable helminth ova
reduction in paragraph (e){5)(iii){C) of
this section is demonstrated for the .

pathogen treatment procuss, the sewsge
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siudgs continues to be Class A with
respact to viable helminth ova when the
values for the pathogen treatment
‘process opanﬁn'ipmmetars are
consistent with the values or ranges of
values documented in paragraph
(a)(5)(iii)(C) of this on.

(8) Class A—Alternative 4. (i) Either
the density of fecal coliform in the
sawage sludge shall be less than 1000
Most Probable Numbar per gram of total
solids (dry weight basis), or the density
of Sclmonella sp. bacteria in the sewage
sludge shell be less 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 sawage sludge is prepared
for sala or give away in a bag or other
container for application to the land; or
at the time the sewage sludge or
masterial derived from sewage sludge is
prepared to mest the raquirements in
§503.10 (b), (c), (e}, or (D).

{ii) The density of enteric viruses in
the sswage sludge shall be less than one
Plaque-forming Unit per four grams of
total solids (dry weight basis) at the time
the sawage sludge is used or disposed;
a! the time the sewage sludge is
prepared for sale or give away in a bag
or otber container for application to the
land; or at the time the sawage sludge
or material derived from sewage sludge
is pre to meet the requirements in
§503.10 {b), (c), (e), or (), unless .
otherwise specified by the permitting
authority.

(3ii) The density of viable helminth
ova 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 used or disposed; at the time
the sewage sludgs 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 material derived
from sawage sludge is prepared to mest
the requirements in §503.10 (b), (c), (e).
or (7, unless otherwise specified by the
permitting autbority.

(?) Class A—Alternative 5. (i) Either
the density of fecal coliform in the
sewage sludge shall be less than 1000
Most Probable Number per gram of total
solids (dry weight basis), or the density
of Salmonella, sp. bacteria in the sewage
gludge shall be less than three Most
Probable Number per four grams of total
solids (dry weight basis) at the time the
sowage sludge is used or disposed; at
the time the seweage sludge is prepared
for salo or given away in a8 bag or other
container for application to the land; or
at the tims the sewage sludge or
material derived from sewage sludge is
prapared to mest the requirements in
§503.10(b). (<), (e), or (f).

(ii) Sewags sludge that is used or
disposed shall be treated in one of the
Processses to Further Reduce Pathogens
described in appendix B of this part.

(8) Class A—Alternative 6. (i) Either
the density of fecal coliform in the
sawage slud%e shall be less than 1000
Most Probable Number per gram of total
solids (dry weight basis), or the density
of Salmonella, sp. bacteria in the sewage
sludgs shall be less than three Most-
Probable Number per four grams of total
solids (dry weight basis) at the time the
sewags 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 mest 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 Further
Reduce Pathogens, as determined by the
permitting 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 clissified Class B with
respect to pathogens. :

(ii) The site restrictions in
§ 503.32(b)(5) shal! be met when sswage

slhudgs 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—Alternative 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 of the density
of fecal coliform in the samples
collected in paragraph (b)(2)4) of this
section shall be less than either
2,000,000 Most Probable Number per
gram of total solids (dry weight basis) or
2,000,000 Colony Forming Units per
gram of total solids (dry weight basis).

(3) Class B—Alternative 2. Sewage
sludge that is used or disposed shall be
treated in one 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 shall be -

treated in a process that is equivalent to
a Process to Significantly Reduce

"Pathogens, as determined by the .

permitting authority. (

- (5) Site Restrictions. (i) Food crops
with harvested parts that touch the
sewaga sludge/soil mixture and are
totally above the land surface shall not
be hervested for 14 months after
application of sewage sludge. ,

gi) Food crops with harvested parts
below the surface of the land shall not
be barvested for 20 months after
application of sewage sludge when the
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§503.33 Vector attraction reduction.

- (b)(1) through (b)(10) shall be mst when

sewage sludge remains 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 38 months after
application of sewage sludge when the
sewags sludge remains on the land
surface for less than four months prior
to incorporation into the soil. . v

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

{v) Animals shall not be allowed to
graze on the land for 30 days after
application of sawage sludge.

(vi) Turf grown on land where sewags
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 public exposure or a lawa,
unless otherwise specified by the
permitting authority.

{vii) Public access to land with a high
potential for public exposure shall be
restricted for one year after applicaticn
of sewage sludge. ’

(viii) 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, ora
reclamation site shall be raised to 12 or
higher by alkali addition and, without
the addition of mors alkali, shall remain
at 12 or higher for 30 minutes and the
site restrictions in § 503.32 (b)(5){i)
through (b){5)(iv) chall be met.

{a)(1) One of the vector attraction
reduction requirements in § 503.33

bulk sewage sludge is applied to
agricultural land, forest, a public contact
site, or a reclamation site. .

(2) One of the vector attraction
reduction requirements in § 503.33
{b)(1) through (b)(8) 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)(8) shall be met when
sewage sludge is sold or given away in
a bag or other container for application
to the land. - . -

{(4) One of the vector attraction
reduction requirements in § 503.33 |
{b)(1) through (b)(11) shall be met when . -
sewage sludge (other than dcmestic

g1
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septage) is placed on an active sewage
sludge unit. :

(5) One of the vector attraction
reduction requirements in § 503.33
{b)(9), (b)(30}, or (b)(12) shall be met
when domestic septage is applied to
agricultural land, forest, or a
reclamation site and one of the vector
attraction reduction requirements in
§503.33 (b)(9) through (b)(12) shall be
met when domestic-septage is placed-on--
an active sewage sludge unit.

(b)(1) The mass of volatile solids in
the sewage sludge shall be reduced by
a minimum of 38 percent (see
calculation procedures in
“Environmental Regulations and
Technology—Control of Pathogens and
Vector Attraction in Sewage Sludge™,
EPA-625/R-92/013, 1992, U.S.
Environmental Protection Agency,
Cincinnati, Ohio 45268)."

{2) When the 38 percent volatile
solids reduction requirement in
§ 503.33(b)(1) cannot be met for an
anaerobically digested sewage sludge,
vector attraction reduction can be
demonstrated by digesting a portion of
the previously diﬁasted sewage sludge
anaerobically in the laboratory ina -
bench-scale unit for 40 additional days
at a ternperature between 30 and 37
degrees Celsius. When at the end of the
40 days, the volatile solids in the
sewage sludge at the beginning of that
period is reduced by less than 17
percent, vector attraction reduction is
achieved. . .

(3) When the 38 percent volatile -
solids reduction requirement in
§ 503.33(b)(1) cannot be met for an
aerobically digested sewage sludge,
vector attraction reduction can be
demonstrated by digesting a portion of
the previously digested sewage sludge
that has a percent solids of two percent
or less aerobically in the laboratory in
a bench-scale unit for 30 additional days
at 20 degrees Celsius. When at the end
of the 30 days, the volatile solids in the
sewagé sludge at the beginning of that
period is reduced by less than 15
percent, vector attraction reduction is
achieved. C

(4) The specific oxygen uptake rate
(SOUR) for sewage sludge treated in an
aerobic process shell be equal to or less
than 1.5 milligrams .of oxygen 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
sewags sludge shall be higher than 40
degrees Celsius and the average
. temperature of the sewage sludge shall
be higher then 45 degrees Celsius.

(6) The pH of sewage sludge shall be
raised to 12 or higher by alkali addition
and, without the addition of more alkali,

- shall remain at 12 or higher fortwo ...

hours and then at 11.5 or higher for an
additional 22 hours. .

(7) The percent solids of sewage
sludge that does not contain
unstabilized solids generated in a
primary wastewater treatment process

shall be equal to or greater than.75.......- - e

percent based on the moisture content
and total solids prior to mixing with
other materials, -

(8) The percent solids of sewage
sludge that contains unstabilized solids

generated in a primary wastewater
" treatment process shall be equal to or
~ greater than-90 percent on the

moisture content and total solids prior

‘to mixing with other materials.

{9)(i) Sewage sludge shall be injected..- -
below the surface of the land.
(ii) No significant amount of the

- sewage sludge shall be present on the

land surface within one hour sfter the_
sewage sludge is injected. ‘

(iii) When the sewage sludge that is
injected below the surface of the land is
Class A with respect to pathogens, the
sewage sludge shall be injected below
the land surface within eight hours after
being discharged from the pathogen. .
treatment process. -

(10)(i) Sewage sludge applied to the
land surface or placed on a surface
disposal site shall be incorporated into
the soil within six hours after )
application to or placement on the land.

ii) When sewage sludge that is .
incorporated into the soil is Class A
with respect to pathogens, the sewage .
sludge shall be applied to or placed on
the land within eight hours after being..
discharged from the pathogen treatment
process. ' . '

(11) Sewage sludge placed on an
active sewage sludge unit shall be

.covered with soil or other material at

the end of each operating day. S

(12) The pH of domestic septage 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. .
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. SECTION ONE

INTRODUCTION

On February 6, 1989, the . U.S. Environmental Protection Agency
(EPR) 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 dlfferent 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 restrlcted 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 Part 503
standards for land application of sewage sludge 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
~organic 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.







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 three
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- the United States. : .

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 practlce is not expected to be exceeded ‘in sewage
sludge that is used or-disposed:

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 Intreduction

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 placément 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
sludge placed on a monofill. The requirements for land application
and distribution and marketing are combined in the final Part 503
regulation as are the requirements-for-placement 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 1nclude the organlc pollutants 1n the proposal for a
monofill.




TABLE 1 - PART 503 ORGANIC POLLUTANTS BY USE OR DISPOSAL
PRACTICE '

Use or Disposal Practice

Pollutant LA f=10]

Aldrin/dieldrin (total) X
Benzene

Benzo (a)pyrene

Bis (2-ethylhexyl)phthalate
Chlordane

DDT/DDE/DDD (total)
Heptachlor
Hexachlorobenzene
Hexachlorobutadiene
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene
Trichloroethylene

%
KX M X

MM KX MMM XXX

WX MM

LA - land application
SD - surface disposal .

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

2.2.2 Criterion 1

The organic pollutants listed in Table 2 have been banned for
use in 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

Number of Percent

Pollutant POTWs Detect*
‘Aldrin/dieldrin (total) 177 8
Benzene : 178 0
Benzo(a)pyrene 178 3
- Bis(2-ethylhexyl)phthalate = 178~ 63
Chlordane 177 0
DDT/DDE/DDD (total) . 177 3
Heptachlor 177 0
- Hexachlorobenzene 178 0
Hexachlorobutadiene 178 0
Lindane . 177 o
N-Nitrosodimethylamine 178 0
Polychlorinated biphenyls 177 - 19
‘Toxaphene , 177 0
Trichloroethylene 178 1

* Estimated percent detect in sewage sludge used or disposed at
publicly owned treatment works nationwide. From "Statistical
Support Documentation for the 4Q 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 olphenyls (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 pollutant
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
RESTRICTED USE, OR ARE NOT MANUFACTURED .

Pollutant Reference

Aldrin/dieldrin (total) %

Chlordane *
DDT/DDE/DDD (total) *

Heptachlor *

Lindane *
N-Nitrosodimethylamine *
Polychlorinated biphenyls 40 CFR Part 761
Toxaphene *

% 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 = -99TH PERCENTILE CONCENTRATIONS

Pollutant , Units 99th Percentile Concentrationx*
Aldrin/dieldrin (total) . _ mg/kg . 0.074
Benzene ' mg/kg ' 7.0
Benzo(a)pyrene ng/kg 43
Bis(2—-ethylhexyl) phthalate mg/kg 1000
Chlordane ng/kg : 1.8
DDT/DDE/DDD (total) mg/kKg 0.14
Heptachlor . mg/kg 0.14
Hexachlorobenzene : - mg/kg . 43
Hexachlorobutadiene mg/kg 43
Lindane - e mg/KG . .. 0.18:- -
N—Nltrosodlmethylamlne mg/kg 210
Polychlorinated biphenyls ng/kg 9.1
Toxaphene - mng/kg 7.4 °
Trichloroethylene ‘ mg/kg 7.0

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

~-1992. Values- are on dry weight -basis--and - -are-reported- in- two”"

51gn1f1cant 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
NSSS 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 Annual Whole Sludge Application Rate*
Agricultural 7
Forest - 26
Public contact 51te 18
Reclamation site 74

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

e




APLR = C x AWSAR x 0.001 (1)

where,

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

APIR
C = pollutant concentration in milligrams per kilograms
(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.

TABLE 6 = COMPARISON OF ANNUAL LOADS FOR AGRICULTURAL LAND

APLR (Exposure) APLR (NSSS)
Pollutant . kg/ha/365 ka/ha/365
Aldrin/dieldrin (total) 0.027 . 0.00051
Benzo(a)pyrene 0.15 : 0.30
Chlordane - 0.86 0.012
DDT/DDE/DDD {total) 1.2 0.00098
Heptachlor 0.074 0.00098
Hexachlorobe..zene 0.29 0.30
Hexachlorobutadiene 6.0 0.30
Lindane 0.84 0.0012
N-Nitrosodime chylamine 0.021 1.4
Polychlorinated biphenyls 0.046 0.063
Toxaphene 0.10 , 0.049
Trichloroethyiene 100 0.05

The annmal pollutant 1loading rate for benzo(a)pyrene,
hexachlorobenzene, N-Nitrosodimethylamine, and PCBs calculated
using the 99th percentile concentration for 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<ssment. 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 ANNUAL LOADS FOR. FORESTS

: ' APIR (Expdsure) APLR (NSSS)
Pollutant : kg/ha/365 ka/ha/365 -
Aldrin/dieldrin (total) 0.027 : © 0.0019
Benzo (a)pyrene 0.15 Lo 1.1
Chlordane - 0.8¢€ , . 0.046
DDT/DDE/DDD (total) 1.2 - : 0.0036
Heptachlor 0.074 - . 0.0036
Hexachlorobenzene o ' 0.29 o 1.1
Hexachlorobutadiene 6.0 1.1
Lindane . 0.84 0.0046
N-Nitrosodimethylamine.. ... .. ......0.021 . ‘ 5.4
Polychlorinated biphenyls 0.046 0.23
Toxaphene . 0.10 0.19
Trichloroethylene - 100 0.18

The annual pollutant loading rate for bénzo(a)pyrene;

- hexachlorobenzene, N-Nitrosodimethylamine, PCBs, and toxaphene

calculated using the 99th percentile concentration from the NSSS
‘and an annual- whole sludge.application rate..of .26 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

APLR (exposure) APLR (NSSS)

Pollutant _ -ka/ha/365 -_ka/ha/365
Aldrin/dieldrin (total) ' 0.027. 0.0013
Benzo (a)pyrene 0.15 - 0.77
Chlordane : ' 0.86 0.032
DDT/DDE/DDD (total) 1.2 ‘ 0.0025"
Heptachlor 0.074 T - 0.0025
Hexachlorobenzene . 0.29 0.77
Hexachlorobutadiene ] 6.0 0.77
Lindane . 0.84 0.0032
N-Nitrosodimethylamine 0.021 3.7
Polychlorinated biphenyls 0.046 0.16
Toxaphene’ 0.10 < 0.12
Trichloroethylene 100 ) 0.13
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P

The annual pollutant 1loading 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 .application rate 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
applicaticn of sewage sludge to a public contact site.

Reclamation site:

TABLE 9 - COMPARISON OF ANNUAL LOADS FOR RECLAMATION SITES

APLR (Exposure) APLR (NSSS)

Pollutant ka/ha/365 ka/ha/365
Aldrin/dieldrin (total) 0.027 0.0054
Benzo(a)pyrene 0.15 3.1
Chlordane 0.86 0.13
DDT/DDE/DDD (total) 1.2 0.010
Heptachlor 0.074 0.010
Hexachlorobenzene 0.29 3.1
Hexachlorobutadiene b 6.0 3.1
Lindane 0.84 0.013
N~-Nitrosodimethylamine . 0.021 15
Polychlorinated biphenyls 0.046 ' 0.67
Toxaphene A 0.10 0.54
Trichloroethylene 100 0.51

The annual pollutant 1loading 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
pellutant 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 rateés 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 1land application of sewage
sludge. When this is done, the pollutants that do not satisfy
Criterion 3 for 1land 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. ' i

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 1land
application comparison alsc were used to calculate the annual
pollutant loading rates for sewage sludge sold or given-away in a
bag or other container for application to the land.

For the purposeof-comparing-annual pollutant loading-rates
for sewage sludge sold or given-away in a bag or other container
for application to the 1land, 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 container for-application-to the land’ from the
Part 503 exposure assessment are presented in Table 10.

!

APLR = C x AWSAR x 0.001 (2)

where,

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

APLR

0
]

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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TABLE 10 - COMPARISON OF AﬁNUAL LOADS FOR SEWAGE SLUDGE SOLD
OR GIVEN AWAY IN A BAG OR OTHER CONTAINER FOR
APPLICATION TO THE LAND

APLR (Exposure) APIR (NSSS)

Pollutant ka/hectare/365 ka/hectare/365
Aldrin/dieldrin (total) 0.027 0.0054
Benzo(a)pyrene 0.15 3.1
Chlordane 0.86 0.13
DDT/DDE/DDD (total) 1.2 0.010

. Heptachlor 0.074 0.010
Hexachlorobenzene 0.29 3.1
Hexachlorobutadiene 6.0 3.1
Lindane 0.84 0.013
Polychlorinated biphenyls - 0.046 0.67
Toxaphene 0.10 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 B8urface 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 unit without a liner and leachate collection system. This
comparison is presented in Table 11.
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TABLE 11 - COMPARISON OF ORGANIC POLLUTANT CON”ENTRATIONS FOR
SURFACE DISPOSAL

' .. ..Concentration#* Concentration
Pollutant Exposure - ma/kKgq NSSS - mg/kg
Benzene ' : 140 7.0
Benzo(a)pyrene >100,000 ' , 43
Bis(2-ethylhexyl)phthalate >100,000 o 1000
Chlordane >100,000 , 1.8
DDT/DDE/DDD (total) - >100,000 0.14
.Lindane 28,000 , 0.18
N-Nitrosodimethylamine 0.088 210
Polychlorinated biphenyls : 110 9.1
Toxaphene 26,000 . 7.4
Trichloroethylene 9,500 ‘ 7.0

* Actlve sewage sludge unit without a 11ner and leachate
collection system.

N-Nitrosodimethylamine does not satisfy Criterion 3 for
Placement of sewage sludge on an actlve 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.. All of the other organlc pollutants. for this
practice satisfy Crlterlon 3.

2.3 Evaluat1on results

Following are the results of the evaluation of the organic
pollutants for which pollutant limits were published in the
proposed Part 503 standards to determine which of those pollutants,
1f any, to delete from the final Part 503 standards:

o Eight of the organlc 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:
aldrin/dieldrin (total), chlordane, DDT/DDE/DDD (total),
heptachlor, lindane, N-Nitrosodimethylamine, polychlorinated
biphenyls, and toxaphene. These pollutants satisfy Criterion
1.

© The-percent: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 disposal
site are 1low (i.e., five percent or 1less), except for
aldrin/dieldrin (total), bis(2-ethylhexyl)phthalate, and
polychlorinated bJphenyls.,, All of the other organic
pollutants for which limits were proposed satlsfy Criterion 2.
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2.4

©0 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 1is below the Part 503 exposure assessment annual
pollutant loading rate for each organic pollutant for sewage
sludge applied to agricultural land, forest, a publi¢ contact
site, or a reclamation site. For land application of sewage
sludge, . benzo(a)pyrene, hexachlorobenzene, N-
Nitrosodimethylamine, 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 wusing 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 other 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..t 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.

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 pollutants 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 pollutants in the final Part 503 regulation.
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2.4.1  Application to_ _agricultural zland.- forest, a public

contact site, or a reclamation site - pollutants deleted:

Poliutant - ' Criteria Met
Aldrin/dieldrin (total) - -1 and 3
Benzo (a)pyrene . L | -2 '
Chlordane 1, 2, and 3
DDT/DDE/DDD(total) 1, .2, and 3
Heptachlor 1, 2, and 3
Hexachlorobenzene 2
Hexachlorobutadlene 2 .and 3
Lindane 1, 2,.and 3
N-Nitrosodimethylamine 1 and 2 .
Polychlorinated blphenyls 1
Toxaphene- .1 and- 2
Trichloroethylene 2 and 3.

Organic pollutant remaining: none.

Sewage_ sludde sold or given-away in a bag or other container for

lication to the land (formenr distribution and marketin -
pollutants deleted:

Pollutant - Criteria Met

Aldrin/dieldrin (total) 1 and 3
Benzo(a)pyrene 2

Chlordane -1, 2, and 3
DDT/DDE/DDE (total) 1, 2, and 3
Heptachlor 1, 2, and 3
Hexachlorobenzene 2
Hexchlorobutadiene 2 and 3
Lindane : - "1, 2, and 3
" Polychlorinated biphenyls 1
Toxaphene 1 and 2

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 can be used
only in closed systems 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 wcrks nationwide. To satisfy
Criterion 2, the percent detect had to be five percent or less.

PCBs also did not satisfy Criterion 3. If PCBs had been




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 concentration 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 vyears. 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 APILRs is the use
of the 99th percentile concentration for PCBs from the NSSS to
calculate the APIRs. This concentration represents, to a large
extent, outlier wvalues for PCBs and, therefore, is conservative.
If the more reasonable worst case 90th percentile concentration for
PCBs (i.e., 1.9 milligrams per Kkilogram) is used to calculate the
APILRs, 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 (i.e., 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 decision 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. 1In addition, EPA will
re—-evaluate the toxicity of PCB congeners through use of a toxicity
equivalent factor system. Both of these factors will be considered
in Round II.
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2.4.2 surface disposal = pollutant deleted:

Pollutant

Benzene
Benzo(a)pyrene

~Bis (2-ethylhexyl)phthalate ... -~

chlordane

DDT/DDE/DDD (total)
Lindane
N-Nitrosodimethylamine
Polychlorinated biphenyls
Toxaphene '
Trichloroethylene ’

Organic pollutants remaining:

ononet
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2 and 3
2 and 3

3 R :

i, 2, and 3
1, 2, and 3
1, 2, and 3
1 and 2

1 and 3

1, 2, and 3
2 and 3







SECTION THREE

INORGANIC POLLUTANTS - SURFACE DISPOSAL

3.1 Introduction

After reviewing results-of-the-exposure assessment forsurface
disposal, the Agency decided to evaluate the inorganic pollutants
to determine whether to include 1limits in the final Part 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's conclusions based on those results are

presented below.
3.2 Evaluation - Sewage Sludge "~

The evaluation to determine whether to include 1limits 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 exposure 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

ConcentratiPn Concentra%}on Concentrgtion

Pollutant (ma/ka) (mg/kg) (mg/kq)

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 420 690 >100,000

1 - From "Statistical Support Documentation for 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 F .t 503 exposure assessment for an active sewage sludge
unit without a 1liner and leachate collection system (dry
weight basis) - see technit¢al 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 p ~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 the 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 percentile concentrations are at least an order of magnitude
lower than the exposure assessment concentrations.

3.3 Evaluation - Domestic Septage

The evaluation to determine whether to include limits in the
final Part 5C3 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




Attachment B). Results of this compariscn afe:presented in Table
130 . :

TABLE 13 - COMPARISON OF INORGANIC POLLUTANT CONCENTRATIONS FOR
DOMESTIC SEPTAGE

Concentratlcn Concentratﬁpn Concentraglon

Pollutant (ma/kq) (mq/kq) - _(ma/kqg)
Arsenic 30* , 73 >100, 000
Cadmium - 25 . >100,000 >100,000
Chromium 110 600 ->100,000
Copper 2600 46,000 >100,000
Lead 100 >100,000 >100,000
Mercury 0.91 - >100,000. >100,000-
Nickel 50 690 >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 1liner and leachate collection system (dry
weight basis) - see the technical support document for the
Part 503 surface disposal reguirements. -

3 - From Part 503 exposure assessment for an active sewage sludge
unit with a liner and leachate collection system (dry weight
basis) ~ see 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 sewage sludge placed on an
active sewage sludge unit both with and without a 1liner and
.leachate collection system. The 98th percentile concentration that
is the closest to the Part 503 concentration is the wvalue for
arsenic when compared to the Part 503 exposure assessment
concentration for an active sewage sludge unit without a liner and
leachate collection system. As indicated in a footnote above,
arsenic was not ‘detected -in any-of-the domestic septage samples
collected and analyzed. The concentration for arsenic in the table
is the minimum level value (i.e., the highest detection limit) for
arsenic in the domestic septage samples collected and analyzed.
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3.4 Conclusions
3.4.1 Bewage Sludge

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 included-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, copper, 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
prlaced on an active sewage sludge 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 98th 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 1limits are not
needed in the final Part 503 regulation to protect public health
and the environment from the reasonably anticipated of arsenic,
cadmium, chromiunm, copper, lead, mercury, and nickel in domestic
septage placed on an active sewage sludge unit 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 1leachate
collecticn system.
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“MEMORANDUM

Date: _November 10, 1992

To: Bob Southworth, EPA .

From: - Anne Jones and Matt Murphy, ERG '
Re: Revised Mean Application Rates for Land Application
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We have calculated weighted mean application rates for agricultural land application,
land application to forest sites and public contact sites, and land reclamation. The follow-ing

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
applicéﬁon rates. However, respondents 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
conservatively high estimate of numbers of applications. We feel ihat, if anything, this

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

Finally, we deleted one observation, which was a POTW practicing land reclamation.
This POTW 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 followihg tables reflects the

deletion of this observation. -

Attachmént A
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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 dmt/ha;
rates at forest sites average 26 dmt/ha; rates at public contact sites average 19 dmt/ha; and rates
at reclamation sites average 74 dmt/ha, as shown in the attached tables.




1

The SAS System ° 11:50 Tuesday, November 10, 1992 1

Univariate Procedure
variable=MTHAYR

Weight= ANAL _WT
Moments Quantiles(Def=5) Extremes
N 87 Sum Wogts - 3691 100% Max 290 99% 290 Lowest Obs Highest Obs .
Mean 6.768121 Sum 24981.14 75% Q3 16.3666 95% 53,4717 0.026904 - 40) 53.4717 .19
Std Dev 104.9951 Variance 11023.97 50% Med 7.53312 90% 43.719 0.026904 39) 58.5162 51
Skewness - . Rurtosis « e 25% Q1 1.61424 10% 0,.13452 0.026904 73) 61,2066 9
uss 1117136 CSS 948061.1 0% Min 0.026904 5% 0.035872 0.035872 72 75.3312 50
cv 1561.318 Std Mean  11.25665 1% 0.026904 0.035872 71 290 25
© T:Mean=0 0.601255 Pr>{Tl - 0.5493 Range 289,.9731 :
Num *= 0 ‘ 87 Num > O a7 Q3-Q1 14.75236
M(Sign) 43.5 Pro=iM| 0.0001 Mode 0.026904
Sgn Rank 1914 Pr>=18| 0.0001
Missing Value e
Count C 2
% Count/Nobs 2.25
w _ The SAS System - 11:50 Tuesday, November 10, 1992 3
4 N ' - .
Eg cecccvsresasasensasunniacones cemmecnesannnn cemscsccanmemnaccs NEWUSE=FOR .E ---------- heemee-sesessesscacasscessacssnmnnnn cesmamsacenaa
‘ Univariate Procedure
variable=MTHAYR
VWeight= ANAL_WT
Moments Quantiles(Def=5) Extremes
N 2 Sun Wgts 12 100% Max 33.63 99% 33.63 Lowest Obs Highest 0bs
Mean 26.06325 Sum 312,759 75% Q3 33.63 95% 33.63 18,4965 2 . .
std Dev 26,21199 Variance- 687.0685 50% Med 26,06325 90% 33.63 33.63 1 .
" Skewness . Kurtosis . 25% Q1 18,4965 10%  18.4965 : . .
uss 8838.584 CSS 687.0685 0% Min 18.4965 5% 18.4965 . 18.4965 2
cv 100.5707 Std Mean 18,.53468 . 1% 18.4965 . 33.63 1
T:Mean=0 1.406189 Pr>ITl ' 0,3935 Range 15.1335 : ’ ’
Num ~= 0 2 Num > 0 2 Q3-Q1 15.1335
M(Sign) 1 Pro=IMl 0.5000 Mode 18,4965
sgn Rank 1.5 Pr>=1S! 0.5000
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Variable=MTHAYR
Welight= ANAL_WT
Moments
N 11 Sum Wg*s
Mean . 18.87404 Sum.
Std Dev 121.8776 Variance
Skewness « Kurtosis
uss 174346.9 CSS
cv 6852.6581 Std Mean
T:Mean=0 0.508172 Pr>IT!
Num ~= 0 11 Num >0
M(Sign) 5.5 Pro=|Ml
Sgn Rank 33 Pro=ls|
%
©
o
Variable=MTHAYR
Welght= ANAL_WT
Moments
N 7 Sum Wgts
Mean 74.07916 Sum
Std Dev 147.885 Variance
- Skewness . Kurtosis
uss 224511.1 css
cv . 199,631 Std Mean
T:Mean=0 1.325321 Pr>ITI
Num ~= 0 7 Num > 0
M(sign) 3.5 Pr>=iN|
Sgn Rank 14 Pr>=is|

74-
1381.879

"' 14854.18

148541.6
36.74749
0.6224
11
0.00t0
0,0010

17
1259,346

21869.97

131219.8
55.89527
0.2333
7
0.0156
0.01586

The SAS System

meeeerreetananaea.. ceeenn NEWUSE=PUBC »-cevmmmemecnranennnnnnn...

Univariate Procedure

e e NEWUSE=RECL - -eerenvaenn...

11:50 Tuesday, Movembar 10, 1882 5

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

Extremes
Lowest Obs Highest Obs
0.38114 11 1€2.011 7
4.0356 10) 116,584 6
44,7279 9) 124,68552 2
51.0055 8) 230,2534 5
65.1532 4) 246.194 1

11:50 Tuesday, November 10, 1992 7

Extremes

Quantiles (Def=5)

100% Max - 6.194 99% 246,194
75% Q3 §..4.6552. © '95% 246,194
50% Med 55,1532 90% 230.2534
25% Qt 44,7279 10% 4,0356

0% Min  0.38114 5% 0.38114
1% 0.38114

Range 245,8129

Q3-af 79,9273

Mode 55,1532

Missing Value .
Count 2
% Count/Nobs 15.38
The SAS System )
Univariate Procedure
Quantiles(Def=5)

100% Max 420.7113 99% 420.7113
75% Q3 100.89 95% 420.7113
50% Med 65.9148 90% 420.7113
25% Q1 45 10%: 45

0% Min 45 5% 45
1% 45

Range 375.7113

Q3-Q1 55,89

Mode 85.9148

Lowest
45

45
65.9148
65.9148
65.9148

Highest Obs
65.9148
65,9148
65,9148
100.89
420.7113

WM~
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; £ % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
i;ﬂj o WASHINGTON, D.C. 20480
AL ot
NOQY B 1622 .
- ‘ " v oo OFFICE OF
: ' e WATER:
MEMORANDUM :
Subject: Summary Statistics for EPA’s Stu&y on the Quality of Domestic Septage
From: Charles E. White, Statistician Z>ZZ -
Statistical Analysis Section ~
To: Alan Rubin, Chief

Sludge Risk Assessment Branch

Through:  Henry D. Kahn, Chief M T —
Statistical Analysis Section

At your request, ] 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 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 CFR 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 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. Second, Total Kjeldahl Nitrogen is found to be approximately
43% Ammoma in wet domestic septage. .

Daia
. 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 Analytical 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 DDD are reported separately in the NSSS;
totals for DDT, DDS, and DDD are reported here. Lindane is reported in the NSSS;
Lindane (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. 1In general, a Minimum Level is defined as the
lowest concentration at which the physical analytical process can be-reliably calibrated.
Pollutant concentrations not measured above-the Minimum Level for a particular pollutant
are not reported; the Minimum Level is reported instead.

Statistical Methods for Basic Sntﬁmary 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 septage samples across the country follow
approximately the same probability distributions for pollutant concentrations as those
distributions 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.
Weight Conversion

Physical analyses were conducted on liquid septage sémples. 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 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 40 CFR Part 503 Final Rule for Sewage Sludge Use or Disposal. Conversion
of a concentration reported in ug/l is illustrated below:

Let: Pollutant Cancentration. for Sample i =.x pgl
Solids Concentration for Sample i = y, mg/l

‘Dry Weigh; Pollutant Cancentration in pg/kg

1;#8/1( 1,000,000 mg)
ymgl\ kg

(1 000, 00&,]“ g
S

Substitution Methods

The substitution methods used here make no assumptions about the probability
distributions 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 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 Documnent for the 40 CFR Part 503
Final Rule for Sewage Sladge Use or Disposal. . .

i 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 substitution methods are presented on pages 27 through 36.

Maximum Likelihood Estimation
The maximum likelihood estimation (MLE) procedure used here assumes pollutant
concentrations are approximately lognormal in probability distribution. When this

assumption is true, estimates produced using this procedure will be more efficient than those
produced without assumptions about probability 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 distribution. If the assumption of a lognormal distribution 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 described 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
Jor 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 distributions were
plotted for both the wet and dry weight distributions. Each plot shows the estimated
cumulative distribution 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 Blom. The line indicating the estimated
lognormal distribution 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 dry weight summary statistics are 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 appronmately the same probability distribution for pollutant concentrations as
domestic septage in trucks found in the area around Madison, Wisconsin. This result is
found by companng 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 or Disposal of Sewage Sludge (1992), to 98th percentile estimates developed here for
dry wcxght concentrations of septage.

Statistical Methods for 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 comPletcly
break down into Ammonia. The purpose of this analysis is to assist in detem;imng an
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appropnate hydraulic loading rate for
domestic septage that allows sufficient
nitrogen for crop growth while not allowing ]
for so much nitrogen-that crop growth.. %1
would be adversely affected. The loading 20 ]
rate itself will be estimated in another ]
document.

Relation of Total Kjeldahl Nitrogen to Ammonia:
100 4 -]

, 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 the- concentration~of TKN: is- -]
zero, that the Ammonia concentration will’ 4

" increase in a linear fashion as TKN
increases, that the Ammonia concentrations T T
about that line are approximately normal in B e
distribution, and' that the deviations from '
that line are independent and identically
distributed. Under these assumptions,
Total Kjeldahl Nitrogen is approxlmately 43% Ammonia in wet domestic septage.

a-3033>» .

*
Units cre mg/t

Evaluation of
Assumgnons

Analysis of Variance

aum of Mean For the
‘Model 1 3785.12042 3785.12042 © ©  9.806" 8.0166 concentration of
Error 7 2702.12438 386.01777 . 3 3
¢ Total 8 6487.26480 Ammonia 1s 2ero
. w hen the
Root MSE 19.64733 R-square 0.5835 ‘ 2
Dep Mean  42.72000  Adj R-3q 0.5240 concentration of TKN

c.v. 45.99095 is zero, a model was
' fit that estiinated a

Psraneter Estimates
non-Zero constant

) Parameter Standard T for HO: , .

varisble OF Estimste Error Parameter=3 - Prob > |T} . when TtI]SN is zero and
: ypothesis test was

INTERCEP 1 6.292626  13.34986389 0.471 0.6517 ah 15 '
™ 1 0.377705  0.12061931 3.131 0.0166 -  conducted that failed
Varisble , ‘ | to reject the
varisble DF  Label hypothesis that the
' constant was

INTERCEP 1 Intercept o . -
TN - 1 Total Kjeldshl Nitrogen . 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.

For the
assumption of
linearity, both the
Analysis of Variance
table for the model
with an intercept term
and for the r..del
without an intercept
term indicate that a

Analysis of Variance

Sum of Mean
Saurce DF Squares Square F Vatue Prob>F
Nodel 1 20126.34510 20124.34510 57.748 0.0001
Error 8 2787.33530 348.48566
U Total 9 22912.23040
Root MSE 18.66777 R-square 0.8783
Dep Mean 4£2.72000 Adj R-sq 0.8631
c.V. L3.69797
Parameter Estimetes
Parameter Standard T for HO:
Varisble DOF Estimate Error Parameter=Q  Prob > |T|
TKN 1 0.427247 0.05622261 7.599 0.0001
Varisble
Variable DOF Label
TKN 1 Total Kjeldahl Hitrogen

{5

‘¢

statistically significant linear relationship exists between Ammonia and TKN. Again, the

Relation of Total Kjeldahl Nitrogen to Ammonia:
Normal Score: “lot of Residucts from Regression

2 4

MASNONN ~B3N0X

-y o

Unds are mg/t
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significance test used is robust to many
departures from assumptions.

For the assumption that
Ammonia concentrations about that line
are approximately normal in

distribution, the Shapiro-Wilk test for
the normal distribution fails to reject the
hypothesis that the residuals from the
fitted line come from a normal
distribution. 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.

For the assumption that
deviations from the line are



mdependent, the physical process of sampling from dxfferent truck loads of septage would
tend to make the sample results independent.

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

Relation of Total Kjeldahl Nltrogen to Ammonia:

Resicuats Varsus Observed Volues
40
E -]
30 3
20
° o
) 3
e 10
Fy
i 3 °
-} 3
(']
0
jo °
-10 o
)
o
=20 °
-x‘t T
0O 10 20 30 40 SO 60 70 8 S0 10
Amenonic
Units are mg/!
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Wet Welght Concentrations of Pollutants in septage:
Summary Statistics from Maximum Likelihood Estimation

! Sample Log Log
Pollutant "Units S8ize Non-Detect Mean Variance
ALDRIN/DIELDRIN(TOTAL) -UG/L 9 7 ! -4,872 15.2471
AMMONIA (AS N) 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, DDE, DDD (TOTAL) UG/L 9 7 -2.783 6.1436
LEAD UG/L 9 6 3.642 0.5873 '
LINDANE(GAHHA-BHC) 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 -1.3485 1.0699
PERCENT SOLIDS E 3 9 0 -0.488 2.8024
SELENIUM UG/L 9 7 0.442 5.4810
TOTAL KIJELDAHI, NITROGEN MG/L 9 - 0 4.284 0.9236
TOTAL PHOSPHOROUS MG/L 9 0 2.960 1.2521
- ZINC ’ UG/L 9 0 7.806 2.1128

10
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Wet Weight Concentrations of Pollutants in septage: .
Summary Statistics from Maximum Likelihood Estimation

Pollutant

ALDRIN/DIELDRIN (TOTAL)

AMMONIA (AS N)

CADMIUM

CHROMIUM

COPPER :
DDT, DDE, DDD (TOTAL)
LEAD .
LINDANE (GAMMA~BHC)
MERCURY

NICKEL

. NITRATE+NITRITE (AS N)

PERCENT SOLIDS
SELENIUM

TOTAL KJELDAHL NITROGEN
TOTAL PHOSPHOROUS

ZINC |

Units

UG/L
MG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
MG/L
)
UG/L

MG/L

MG/L

. UG/L

Mean

15.7000

90.8000 .

5.9100
51.3000
545.0000
1.3300
51.2000
0.1100
1.0500
50.0000
0.4450
2.4900 .
24.1000
'115.0000
36.1000
7060.0000

1

Standard

Deviation of

the Mean

10700.000
104.0000
2.8700
120.5000
422.0000
9.5900
15.3000
0.0215
1.3600
10.5000
0.2050
3.2700
124.0000
47.3000
19.0000

6350.0000

“Standard

Deviation

32100.000
313.0000
8.6100
61.4000
1270.0000
28.8000
45.8000
0.0646
4.0800
31.4000
0.6160

. 9.8100
373.0000
142.0000
© 57.0000
19000.000

Coefficient
" of
variation

2050.0000

3.4500
1.4600
1.2000
2.3200
21.6000
0.8940
0.5890
3.9000
0.6270
~1.3800
3.9300
'15.5000
1.2300
- 1.5800
2.7000
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~ Wet Welght Concentrations of Polluta
Summary Statistics from Maximum

¢

Pollutant

ALDRIN/DIELDRIN (TOTAL)
AMMONIA (AS N)
CADMIUM . -
CHROMIUM S
COPPER

DDT, DDE, DDD (TOTAL)
LEAD

LINDANE (GAMMA-BHC)
MERCURY

NICKEL
NITRATE+NITRITE (AS N)
PERCENT SOLIDS
SELENIUM

TOTAL KJELDAHL NITROGEN
TOTAL PHOSPHOROUS
ZINC

Units

UG/L
MG/L
UG/L
UG/L-
UG/L
UG/L
UG/L
UG/L
UG/L
UG/L
MG/L
%
UG/L
MG/L
MG/L
UG/L

Median

0.0077
25.3000

3. 400,

32.9000
216.0000
0.0619
38.2000
0.0944
0.2600
42.4000
0.2610
0.6140
1.5600
72.5000
19.3000
2460.0000

nts in Septage:

Likelihood Estimation

90th

Percentile

1.1600
197.0000
13.20500
111.0000
1240.0000
1.4900
102.0000
0.1900
2.2200
88.9000
0.9840
5.2800
31.5000
249.0000
81.3000
15900.000

95th

Percentile

4.7200
351.0000
19.3000
155.0000

2030.0000°

3.6500
135.0000
0.2320
4.0400
109.0000
1.4300
9.6400
73.2000
352.0000
122.0000
26800.000

98th
Percentile

23.4000
676.0000 -
30.0000
228.0000
3540.0000
10.1000
184.0000
0.2900
8.0200
138.0000
2.1800
19.1000
191.0000
523.0000
192.0000
48700.000
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Wet Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods ’

Pollutant=ALDRIN/DIELDRIN(TOTAL) -- Sample Size=9 -- Units=UC/L

; Standard . Coefficient
Substitution : peviation of Standard of - ‘

_Method Mean the Mean Deviation ‘variation Minimum Median Maximum
SM-ML 0.4480 0.2660 0.7980 178.0 0.1000  0.1000 2.500
SM-0 0.3610 0.2800 0.8400  232.0 . 0.0000  0.0000 2.500

Pollutant=ALPHA-CHLORDANE -~ Sample Size=9 -- Units=UG/L ---
Standard coefficient
substitution Deviation of Standard of ‘ : )
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 0.1090  0.0093 0.0280 25.6 “0.1000  0.1000 0,184
§H-=-0 ) 0.0000 0.00600 0.0000 " . _-0.'0000 0.0000 0,000
Pollutant=AMMONIA (AS N) -- Sample Size=9 -- Units=MG/L -
 standard Coefficient
substitution J 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-0, 42.7000 9,4900 28.5000 66.7 0.4800 45.0000 100.000
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Wet Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

iw= Pollutant=ARSENIC -- Sample Size=9 -~ Units=UG/L

Standard Coefficient
Substitution Deviation of Standard of : :
Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM-ML 20.0000 0.0000 0.0000 0.0 20.0000 20.0000 20:000
SM-0 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 1.4500 3.7800 33.1 io.oo000 10.0000 20.000
SM-0 0.0000 " 0.0000 0.0000 . 0.0000 0.0000 0.000
- Pollutant=BENZO(A) PYRENE -~ Sample Size=9 -- Units=UG/L
» Standard Coefficient
Substitution Deviation of Standard of ‘
Method Mean the Mean Deviation Variation Minimum Median Maximum
SH-ﬁL 11.1000 1.1100 3.3300 30.0 10.0000 10.0000 20.000
SM~0 0.0000 0.0000 0.0000 . . 0.0000 0.0000

0.000



Wet Weight Concentrations of Pollutants in Sgptage:
- 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 Maximum
SM~-ML >5.0000 0.0000 0.0000 0.0 5.0000 . 5.0000 5.000
SH-O_ : 0.0000 0.0000 0.0000 o 0.0000 0.0000 0.000
~——=c==w=~ Pollutant=BIS (2-ETHYLHEXYL) PHTHALATE -- Sample Size=9 -~ Units=UG/L =-==--===-=
. B - gtandard ccefficleht
, - Substitution peviation of Standard : of :
Method Mean the Mean Deviation Variation Minimum Median Maximum
E Sk-HL 11.1000 1.1100 3.3300' 30.0 10.0000 10.0000 20.000
O SM~0 ~ 0.0000 0.0000 0.0000 B 0.0000 0.0000 - 0.000
e Pollutant=CADMIUM -- Sample Size=9 -- UnitGQUG/L —————— S
. Standard coefficient ‘ )
Substitution Deviation of Standard of L -
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-0 3.8000 2.1700 6.5000 171.0 0.0000 0.0000° 18.400 .
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Wet Welght Concentrations of pPollutants in Septage:
Summary Statistice from Substitution Methods

- :~ Pollutant=CHROMIUM ~- Sample Size=9 -~ Units=UG/L - ——
) Standard Coefficient
Substitution Deviation of Standard of :
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-M1L, 46.7000 12.7000 38.1000 81.6 10.0000 33.5000 128.000
SM-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 vVariation Minimum Median Maximum
SM-ML 503.0000 223.0000 669.0000' 132.0 62.0000 115.0000 1850.000
SM-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-M1, . 0.6850 0.2810 0.8440 123.0 0.3380 0.3380 2.880
SM~0 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-

Summary Statistics from Substitution Hethods

Pollutant=GAMMA-CHLORDANE -~ Sample Size=9 -- Units=UG/L

0.0000

: Standard Coefficient

Substitution Deviation of Standard of E ;
“Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 0.1230 0.0104 0.0313 25.4 0.1130 0.1130 0.207
SM-0 0.0000 . 0.0000 0.0000 . 0.0000 0.0000 0.000

Pollutant=HEPTACHLOR -- Sample Size=9 -- Units=UG/L
Standard Coefficient -

Substitution Deviation of Standard of o : ,
Method Mean the Mean Deviation variation Hinimum Median Maximum
SM-ML 0.0896 0.0209 0.0626 69.9 0 0630 0.0630 0.250
SM-0 0.0278 0.0279 0.0833 300.0 0 0000 0.0000 0.250
? ] | | -

Pollutant=HEXACHLOROBENZENE -- Sample Size=9 -~ Units=UG/L -
7 Standard : Ccoefficient

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
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Pollut&nt'HEXACHLOROBUTADIENE ~- Sample Size=9 -- Units=UG/L

Wet Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

Standard Coefficient
Substitution Deviation of Standard of : . .
Method Mean the Mean Deviation Variatica Minimum Median Maximum
SH-Hb ‘11;1000 1.1100 3.3300 30.0 10.0000 10.9000 20,000
SM-0 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.000
Pollutant=LEAD -~ Sample Size=9 -~ Units=UG/L -
Standard Coefficient
Substitution "Deviation of Standard of , ﬂ
Method Mean the Mean Deviation vVariation Minimunm Median Maximum
SM-ML . 63.4000 8.0800 24.2000 38.2 50.0000 50.0000 121.000
SM-0 30.1000 15.7000 47.1000 157.0 0.0000 0.0000 121,000
Pollutant=LINDANE (GAMMA~BHC) -~ Sample Size=9 -- Units=UG/L
Standard Coefficient
Substitution Deviation of Standard of
Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM-MI, 0.1620 0.0170 0.0511 31.6 0.1250 0.1380 0.253
SM-0 0.0417 0.0295 0.0884 212.0 0.0000 0.0000 0.250
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Wet Weight Concentrations of Poliutants in Septage:
Summary Statistics from Substitution Methods

«-~ Pollutant=MERCURY -~ Sample Size=9 -~ Units=UG/L ----

Standard Ccoefficient

Substitution ' Deviation of Standard of -t .
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 0.8220 0.4200 1.2600 153.0 0.2000 0.3000 4050
SM-0 0.7330 0.4380 1.3100 179.0 0.0000 0.3000 4.050

Pollutant=MOLYBDENUM -- Sample Size=9 -- Units=UG/L -
o Standard E 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 1@.0000 10.0000 14.400
SH-O 1.6000 1.6000 4.8000 300.0 9.'0000 0.0000 14.400

Pollutant=N-NITROSODIMETHYLAMINE -- Sample size-9@--_0n1t5=UG/L
~ Standarad coefficient

Substitution peviation of Standard of N , |
‘Method . Mean the Mean Deviation Variation Minimum: Median Maximum
SM-ML 55,6000 5.5600  16.7000 30.0 50.0000 50.0000 100.000

0.000

SM-0 0.0000 0.0000 - 0.0000 . 0.0000 0.0000
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Wet Weight Concentrations of Pollutants in Septage:
. Summary Statistics from Substitution. Methods

= e e e : ﬁollutant-N;CKEL -~ Sample Size=9 -~ Units=UG/L -~ -
Standard Coefficient
Substitution Deviation of Standard of :
Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM-ML 54.5000 7.8300 23.5000 43.1 40,0000 41.6000 105.000
SM-0 36.7000 13 «2000 39.7000 108.0 0.0000 41.6000 105.000
Pollutant=NITRATE+NITRITE (AS N) -- Sample Size=9 ~- Units=MG/L
, Standard Coefficient
Substitution Deviation of Standard of
Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM-ML 0.3890 0.0564 0.2890 T4.4 "0.,1000 0.2000 0.900
~ SM-0 0.3670 0.1050 0.3160 86.2 - 0.0000 0.2000 0.900
- - Pollutant=PCB(TOTAL) ~-- Sample Size=9 -- Units=UG/L
' . Standard Caoefficient
Substitution Deviation of Standard of
Method . Mean the Mean Deviation Variation Minimum Median Maximum
SHM~-ML 1.9100 0.1630 0.4890- 25.6 1.7500 1.7500 3.220
SM-0 ' 0.0000 0.0000 0.0000 0.000

. 0.0000 0.0000
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Wet Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

Pollutant=PERCENT SOLIDS -- Sample Size=9 -- Units=' %' ---

Standard Coefficient
Substitution Deviation of Standard of : : ,
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200
SM-0 2.2100 1.5100 4.5400 205.0 0.0653 0.6580 14.200
Pollutant=SELENIUM -- Sample Size=9 -- Units—UG/L - -——-
Standard Coefficient .
Substitution Deviation of Standard of j ‘
Method : Mean the Mean Deviation Variation Minimum Median  Maximum
SM-ML 20.8000 6.6400 19.9000 95.6 " 5.0000 5.0000 50.000
SM-0 6.9400 4.6000 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
175.000.

SM-0 96.4000 19.2000 57.6000 59.7 9.0000 115. 0000



Wet Welght Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

Pollutant=TOTAL PHOSPHOROUS -~ Sample Size=9 —- Units=MG/L

’ ) Standard Coefficient
Substitution Deviation of Standard of '
Mathod Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 27.6000 5.7400 17.2000 62.3 1.7000 32.0000 48.000
SM-0 27.6000 5.7400 17.2000 62.3 1.7000 ° 32.0000 48.000
== Pollutant=TOXAPHENE ~-- Sample Size=9 ~- Units=UG/L -
“ Standard ' Coefficient
) Substitution Deviation of Standard of
Method Mean the Mean Deviation Variation Minimum Median Maximum
w SM-ML 11.3000 1.6700 $.0100 44.3 "0.9100 11.4000 20.900
% SM-0 0.00QO 0.0000 0.0000 ' . 0.0000 0.0000 0.000
Pollutant=TRICHLOROETHENE ~-- Sample Size=7 -- Units=UG/L
Standard Coefficient
Substitution Deviation of Standard of "
Method: Mean the Mean Deviation vVvariation Minimum Median Maximum
SM-ML -11.4000 1.4300 3.7800 33.1 10.0000 10.0000 20.000
SM~-0 0.0000 0.0000 0.0000 o 0.0000 0.0000 0.000
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Wet Weight Concentrations of Pollutants in‘Septagé:
Summary Statistics from Substitution Methods

- _ o e 'Pollutant=ZINC -- Sample Size=9 -- Units=UG/L - -

Standard - Coefficlient

Subptitutioh Deviation of Standard of ;
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 5300,0000 2420.0000 7270.0000  137.0 182.0000 3190.0000 23800.000

SM-0 $300.0000 2420.0000 7270.0000 137.0 182,0000 3190.0000 23800.000



Y

vs-d

Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Maximum Likelihood Estimation

Pollutant

ALDRIN/DIELDRIN(TOTAL)
AMMONIA (AS N)
CADMIUM

" CHROMIUM

COPPER

DDT, DDE, DDD (TOTAL)
LEAD :

LINDANE (GAMMA~-BHC)
MERCURY

NICKEL
NITRATE+NITRITE (AS N)
PERCENT SOLIDS
SELENIUM

TOTAL KJELDAHL NITROGEN
TOTAL PHOSPHOROUS
ZINC

Units

UG/KG
MG/KG
MG/K¢

‘MG/KG

MG/KG
UG/KG
MG/KG
UG/KG
MG/KG

MG/KG

MG/KG
L 3

MG/KG -

MG/KG
MG/KG
MG/KG

Sample
Size

VOOVVVOVLOVVVVVLVVOVLOVLYLY

Non-Detect

COONONADLLNANOFRAMON

Log
Mean

0.741.

8.325
-1.766
1.542
3.559
1.665
0.561
0.967
-3.571
1.330
3.522
-0.488
~-2.098
9.378
8.054
5.992

Log
Variance

8.92238
3.90825
5.86238
2.39400°
4.39988
7.27425
3.87225 '
2.14650
2.86875
1.57612
0.82463
2.80237
6.97725
2.81813
1.42312
1.05525
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Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Maximum Likelihood Estimation

Pollutant

' ALDRIN/DIELDRIN (TOTAL)

AMMONIA (AS N)
CADMIUM

CHROMIUM

COPPER |
DDT, DDE, DDD (TOTAL)
LEAD -

_* LINDANE (GAMMA-BHC)
. MERCURY

NICKEL

- NITRATE+NITRITE (AS N).

PERCENT SOLIDS
SELENIUM ‘

TOTAL KJELDAHL NITROGEN
TOTAL PHOSPHOROUS

ZINC

Units

UG/KG

MG/KG
MG/KG
MG/KG

. MG/KG

UG/KG
MG/KG
UG/KG
MG/KG
MG/KG
MG/KG
%

MG/KG .
MG/KG
MG/KG
MG/KG

Mean

182.0000
29100.000
3.2100
15.5000
317.0000
201.0000
12,1000
7.6900
0.1180
8.3200
51.1000

2.4900

4.0200

48400.000"

6410.0000
678.0000

Standard.

Deviation of

the Mean

5240.0000
67800.000
20.0000
16.3000
948.0000
2540.0000
27.8000
7.0500
0.1600
5.4300
19.3000
3.2700
A3.8000
64000.000
3790.0000
309.0000

Standard
Deviation

15700.000
203000.00
60.0000
48.8000
2840.0000
7620.0000
83.3000
21.1000
 0.4810
16.3000
57.9000
9.8100
131.0000

©192000.00

11400.000
928.0000

Coefficient
of
Variation

86.6000
6.9900
18.7000
3.1600
8.9700
38.0000
6.8600
. 2.7500
4.0800
1.9600
1.1300
3.9300
32:7000
3.9700
1.7700
1.3700




Ny
N

- 969

Dry Weight Concentrations of
Summary Statistics from Maxim

Pollutant

ALDRIN/DIELDRIN (TOTAL)
AMMONIA (AS N)
CADMIUM

CHROMIUM

COPPER

DDT, DDE, DDD (TOTAL)
LEAD

LINDANE (GAMMA-BHC)
MERCURY

.NICKEL

NITRATE+NITRITE (AS N)
PERCENT SOLIDS
SELENIUM

TOTAL XKJELDAHL NITROGEN
TOTAL PHOSPHOROUS

ZINC

Units

UG/KG
MG/KG
MG/KG
MG/KG
MG/KG
UG/KG
MG/KG
UG/KG
MG/KG
MG/KG
MG/KG
%

MG/KG
MG/KG
MG/KG
MG/KG

Median

2.1000
4130.0000
0.1710
4.6700
35.1000
5.2900
1.7500
2.6300
0.0281
3.7800
33.9000
0.6140

0.1230

11800.000
3150.0000
400.0000

90th

Percentile

97.4000
52300.000
3.8400
34.1000
520.0000
169.0000
22.0000
17.3000
0.2480
19.0000
109.0000
5.2800
3.6600
102000.00
14600.000
1500.0000

Pollutants in Septage:
um Likelihood Estimation

95th

Percentile

286.0000
107000.00
9.1800
59.6000
1110.0000
447.0000
44.6000
29.3000
0.4560
29.8000
151.0000
9.6400
9.4600
187000.00
22400.000
2170.0000

98th
Percentile

972,0000
240000.00
24.8000
112.0000
2620.0000
1350.0000
-100.0000
53.4000
0.9140
49.9000
219.0000
19.1000
27.9000
372000.00
36500.000
3300.0000



Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

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

Standard Coefficient
Substitution Deviation of Standard of : .
Method Mean the Mean Deviation Variation Minimum Median Maximum
SH*HL. 77.200 36.300 - 109.000 141.0 8.55000 17.6000 325.00
SM~-0 38.000 35.900 108.000 283.0 0.00000 0.0000 325.00

- Pollutant=ALPHA~-CHLORDANE ~- Sample Size=9 -~ Units=UG/KG

\ , Standard . Coefficient
. substitution peviation of Standard of : :
Method Mean the Mean peviation Variation Minimum Median Maximum
w SM-ML 44.100 19.500 58.500 133.0 “ 0.70400 15.2000 153.00
3 SM--0 0.000 0.0QO 0.000 o .0.00000 0.0000 0.00
———————————— Pollutant=AMMONIA (AS N) -- Sample Size=9 -~ Units=MG/KG
: | Standard . Coefficient
Substitution 3 Deviation of Standard of ’
Method . Mean the Mean Deviation Variation Minimum Median Maximum
SM~-ML 12700.000 '6390.000  19200.000 ~ 151.0 77.50000 8210.0000 61300.00

SM-0 12700.000 6390.000 19200.000 151.0 77.50000 8210.0000 61300.00




Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

m-mmm==memeeemeeeee Pollutant=ARSENIC -- Sample Size=9 -- Units=MG/KG - -
“ Standard Coefficient
Substitution Deviation of Standard of : .
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 8.710 3.920 11.800 135.0 0.14100 3.0400 '30.60
SM-0 03060 0.000 0.000 . 0.00000 0.0000 - - 0.00
Poliutant=BENZENE -~ Sample Size=7 —-- Units=UG/KG
Standard ' . Coefficient
Substitution Deviation of Standard . of
o Method Mean the Mean Deviation Variation Minimum Median Maximum
O : '
*® SM-ML, 1540.000 519.000 1370.000 89.1 “70.40000 1080.0000 4330.00 -
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 '0.00
- Pollutant=BENZO (A) PYRENE ~- Sample Size=9 -~ Units=UG/KG
sténdard Coefficient
Substitution Deviation of Standard of :
Method . Mean the Mean Deviation variation " Minimum Median Maximum
SM-MIL, 4420.000 1950.000 5840.000 132.0 70.40000 1520.0000 15300.00
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 0.00




6s-d -

- Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

Pollutant=BERYLLIUM -- Sample Size=9 -- Units=MG/KG --

Standard Coefficient
Substitution Deviation of Standard of : .

- Method - Mean the Mean Deviation Variation Minimum Median Maximum
SM=-ML 2.180 0.981 2.940  135.0 0.03520 0.7600 /7.66
SM-0 0.000. 0.000 . 0.000 . 0.00000 0.0000 - 0.00

--------- . Pollutant=BIS (2-ETHYLHEXYL) PHTHALATE ~-- 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 15300.00

SM-0 0.000 0.090 0.000 . . ' 0.00000 0.0000 0.00

Pollutant=CADMIUM -- Sample Size=9 -- Units=MG/KG

Standard coefficient 7
Substitution Deviation of Standard - of j ‘ 7
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

SM~-0 0.632 ‘ 0.349 1.050 166.0 0.00000 0.0000 2.77



Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

-= Pollutant=CHROMIUM -- Sample Size=9 -- Units=MG/KG

Standard Coefficient
Substitution Deviation of Standard of . )
Method Mean ° the Mean Deviation Variatien Minimum - Median Maximum
EM-ML : 104900 3.640 10.900 100.0 0.22600 7.6300 35.30
SM-0 9.360 3.800 11.400 122.0 0.00000 "6.9200 *35.30
Pollutant=COPPER -- Sample Size=9 -- Units=MG/KG
' Standard Coefficient
Substitution Deviation of Standard of
.. Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM~-ML, 113.000 40.900 123.000. 108.0 “0.81000 105.0000 328.00
SM-0 113.000 40.900 . 123.000 108.0 0.81000 105.0000 328.00
Pollutant=DDT,DDE,DDD(TOTAL) -- Sample Size=9 -- Unité-UG/KG --
Standard - Coefficient
Substitution Deviation of Standard of
Method . Mean the Mean Deviation vVariation . Minimum Median Maximum
SM~-ML 176.000 64.500 194.000  110.0 2.38000 69.3006 518.00
SM-0 33.800 28.100 84.400 250.0 0.00000 0.0000 254.00
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Dry wWeight Cdncentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

pPbllutant=GAMMA-CHLORDANE -- Sample Size=9 -- Units=UG/KG --

standard Coefficient
Substitution Deviation of Standard of '
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 49.800 22.000 66.100 133.0 0.79600 17.2000 173.00
SM-0 0.000 0.000 0.000 . 0.00000 0.0000 "~ 0.00
Pollutant=HEPTACHLOR -- Sample Size=9 -- Units=UG/KG
: Standard coefficient
Substitution peviation of Standard of
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM~ML 32.000 12.400 37.100  116.0 "0.44400 9.5700  96.50
SM-0 5.690 5.690 17.100 - 300.0 p.OOOOO - 0.0000 51.20
Pollutant=HEXACHLOROBENZENE -- Sample Size=9 -- Units=UG/KG ========:
- Standard Coefficient
Substitution - Deviation of Standard of S o
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~0

0.000 0.000 0.000 . 9.00000 0.0000 0.00
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Substitution
Method

SM-ML
SM-0

Dry Weight Concentrations of Pollutants in Septaée:

Summary Statistics from

-~ Pollutant=HEXACHLOROBUTADIENE --

Standard
Deviation of Standard
Mean the Mean Deviation
4420.000 1950.000 5840.000
0.000 0.000 0.000

Substitution
Method

SM-ML
SM-0

Substitution
Method

SM-ML
SM-0

PollutantnLEAD -= Sample

Standard
Deviation of Standard
Mean the Mean Deviation
23,800 9.600 28.800
3.960 2.730 8.200

Pollutant=LINDANE (GAMMA~BHC) -~

Standard
Deviation of Standard
. . Mean the Mean Deviation
61.900 26.700 80.000
2.560 2.450 7.340 -

Substitution Methods

Sample Size=9 -~ Units=UG/KG -

Coefficient
of :
Variation Mininum Median Maximum
132.0 70.40000 1520.0000 15300, 00
. 0.00000 0.0000 0.00
Size=9 -- Units=MG/KG
Coefficient
of
Variation Minimum Median Maximum
121.0 " 0.35200 7.6000 76.60
207.0 0.00000 0.0000 124.80
Sample Size=9 -- Units=UG/KG
Coefficient
of
Variation Minimum Median Maximum
129.0 0.88000 22,1000 211.00
287.0 0.00000 0.0000 22.10
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Dry Weight Concentrations of Pollutants invSeptagé:
Summary Statistics from Substitution Methods

Pollutant=MERCURY -- Sample Size=9 -- Units=MG/KG ——

SM-0 0.000 0.000 0.000 ‘ . 0.00000 0.0000

_ standard Coefficient
Substitution Deviation of Standard of :
Method . Mean the Mean Deviation Variation Minimum . Median Maximum
SM-ML 0.138 0.044 10.132 95.4 0.00211 0.0760 0.35
- SM=0 0.059 0.037 0.112 189.0_ 0.00000 0.0021 - 0.35
———— - Pollutant=MOLYBDENUM —-- Sample Size=9 -- Units=MG/KG
: : Standard " Coefficient
Substitution Deviation of Standard of .
Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 4.460 1.950 5.850  131.0 "0.07040 1.5200  15.30
‘SM-0 0.328 0.328 0.984 300.0 0.00000 0.0000 "2.95
- Pollutant=N-NITROSODIMETHYLAMINE -~ Sample Size=9 -- Units=UG/KG =====--=-=--
: S Standard : - coefficient
Substitution ” Deviation of Standard of i
Method . Mean the Mean Deviation 'Variation Minimum Median Maximum
SM-ML 22100.000 9740.000  29200.000 132.0 352,00000 7600.0000 76600.00
0.00
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Dry Welght Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

—— - == Pollutant=NICKEL -- Sample Size=9 -- Units=MG/KG
) Standard Coefficient
Subastitution Deviation.of Standard of : .
Method Mean the Mean Deviation vVariation Minimum Median Maximum
SM~-ML 18.900 - 7.800 23.400 124.0 0.56200 6.0800 61.30
SM~0 4.470 2.870 8.620 193.0 0.00000 0.5620 ‘26,80
Pollutant=NITRATE+NITRITE (AS N) -- S8ample Size=9 -- Units=MG/KG
Standard . Coefficient ‘
Substitution Deviation of Standard of .
Methliod Mean the Mean Deviation variation Minimum Median Maximum
SM-HL 68.600 17.200 51.700 75.4 '6.34000 53.1000 153.00
SM-0 36.400 11.600 34.900 . 95,9 0,00000 32.4000 91.20
== Pollutant=PCB(TOTAL) -- Sampie Size=9 -- Units=UG/KG
Standard Coefficient
Substitution Deviation of Standard of ) '
Method . Mean the Mean Deviation vVariation ‘Minimunm Median Maximum
SM-ML 771.000 341.000 1020.000 133.0 12.30000 266.0000 2680.00
SM-0 0.009 0.000 0.000 . 0.00000 0.0000 0.00
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Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

Pollutant=SELENIUM -- Sample Size=9 -- Units=MG/KG —-----=-=========---
standard - coefficient
Substitution pDeviation of Standard - of o
‘Method Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML | 4.370 1.240 3.720 85.2 0.03520 2.7400 10.20

SM-0 0.487. . - 0.335 1.000 - 206.0 ~ 0.00000 0.0000 *2.74

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

. : Standard , Coefficient
‘Substitution . Deviation of Standard of | :
Method " Mean the Mean Deviation Variation Minimum Median Maximum
SM-ML 23600.000 8350.000 25100.000  106.0  218.00000 13000.0000 84200.00

SM-0 23600.000 8350.000 25100.000  -106.0 218.00000 13000.0000 84200.00

Pollutant=TOTAL PHOSPHOROUS -- Sample Size=9 -- Units=MG/KG

Standard coefficient

Substitution Deviation of Standard of -
Method . Mean the Mean pDeviation Variation Minimum Median Maximum
SM-ML ~ 4580.000 1050.000 3150.000 68.7 176.00000 3500.0000 10700.00

SM-0 4580.000 1050.000 3150.000 = 68.7 176.00000 3500.0000 10700.00
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Dry Weight Concentrations of Pollutants in Septage:
Summary Statistics from Substitution Methods

> Pollutant=TOXAPHENE -- Sample Size=9 -- Units=UG/KG

Standard Coefficient
Substitution Deviation of Standard of ! :
Method Mean the Mean Devistion Variatica Minimum Median Maximum
Sﬂ-ﬁh 5240.300 1600.000 4800.000 148.0 80.10000 1390.0000 15500.00
SM=-0 0.000 0.000 0.000 . 0.00000 0.0000 - 0,00
Pollutant=TRICHLOROETHENE ~-~ Sample Size=7 -~ Units=UG/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 8o.1 X 50.40000 1080.0000 4330.00
SM-0 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 vVariation Minimum Median Maximunm
SM-ML 570.000 146.000 439,000 . 77.1 43.70000 433.0000 1290.00
SM-0 $70.000 146.000 77.1 43.70000 433.0000 1290.00

439.000
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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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: Cdmulative Frequency for Total DDT, DDE, and DDD (ug/h)
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Cumulative Frequency for Total Kjeldahl Nitrogen (mg/l)
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Curnulative Frequency for Lead (ug/)
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Wet Weight COncent:ationS' of Pollutanfs in Sep‘t’age;

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Pollutant=ALDRIN/DIELDRIN (TOTAL)

EPA
Sample
Number

19974
19975
18976
19977
19978
19979
19980
19981
19982

EPA
Sample
Number

19974
19975
19976
19977
19978
19979
19980
19981
19982

Quantified Minimunm :
Amount 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.

o [« ]

¢ o o s o s 0o s @
, g Wu

‘ no

Pollutant=ALPHA-CHLORDANE - -

Quantified * Minimum ‘
Amount 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

Pollutant=AMMONIA (AS N)

Quantified Minimum _
Anount Level Units
45.00 . ‘MG/L
0.48 . _MG/L
40.00 " MG/L
'11.00 . MG/L
45.00 . MG/L
33.00 . MG/L
56.00 . MG/L
54.00 . MG/L
100.00 . MG/L
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.

Wet Weight Concentrations of Pollutants in Septage

" Pollutant=ARSENIC

EPA

Sample Quantified Minimum

Number Amount Level Units:
18974 . 20.000 UG/L
19975 . 20.000 UG/L
19976 - 20.000 UG/L
19977 . 20.000 UG/L
19978 . 20.000 UG/L
19979 . 20.000 UG/L
19980 . 20.000 UG/L
199881 . 20.000 UG/L
19982 . 20.000 UG/L

Pollutant=BENZENE
EPA . .
Sample Quantified Minimum
Number Amount Level = Units
19974 - 10.000 UG/L
19977 o 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
Pollutant=BENZO (A) PYRENE

EPA
Sample Quantified Minimum .
Number 2mount Level ~ Units
15974 T . 10.000 UG/L
19975 . 10.000 .UG/L
19976 . 19.000 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 )
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Wet Weight Concentrations of Pollutants inVSeptage

- Pollutant=BERYLLIUM

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(Z-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 "o 20.000 UG/L -
19980 . 10.000 UG/L
19981 . 10.000 UG/L
19982 o 10.000 UG/L

Pollutant=CADMIUM

EPA
Sample Quantified Minimum
Number Amount Level Units
19974 9.40 . UG/L
19975 v . 5.000 . UG/L -
19976 . 5.000 UG/L -

19977 : . --5.,000 UG/L
19978 o 6.40 . - UG/L
19979 18.40 . UG/L
19980 . 5.000 UG/L
19981 : . 5.000 UG/L

19982 - L e : 5.000 UG/L
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Wet Weight Concentrations of Pollutants in Septage

Pollutant=CHROMIUM

EPA

Sample Quantified Minimum

Nunmber Amount Level Units
19974 53.90 . UG/L
19975 - 10.000 UG/L
19976 12.10 . UG/L
19977 32.10 . UG/L
19978 81.60 . UG/L
15979 128.00 . UG/L
19980 33.50 . UG/L
15981 50.20 . UG/L
19982 18.79 . UG/L

Pollutant=COPPER

EPA . :

Sample . Quantified’ Minimum
Number Amount Level Units
19874 1340.00 . UG/L
19975 77.10 . UG/L
19876 . 80.30 . UG/L
19977 115.00 - UG/L
19978 758.00 . UG/L
19979 174.00 . UG/L
19980 1850.00 o UG/L
19981 62.00 . UG/L
19982 69.60 . UG/L

Pollutant=DDT,DDE, DDD (TOTAL)
EPA
Sample Quartified Minimum
Number Amount . Level Units
19974 - . 0.338 ° UG/L
19975 - 0.338 UG/L
19976 . 0.338 " UG/L
19977 . 0.338  UG/L
19978 . 0.338 UG/L
19879 0.92 . UG/L
19980 2.88 o UG/L
19981 . 0.338 UG/L
19982 . 0.338 UG/L
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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 . i 0.113 UG/L
19982 .« T - 0.113 UG/L
Pollutant=HEPTACHLOR.
EPA
Sample Quantified® Minimum
Number Amount Level Units
19974 0.25 . 'UG/L
19975 . 0.063 = UG/L
19976 . 0.063 UG/L
18977 . 0.063 UG/L
19978 . 0.063 UG/L
19979 . 0.115 UG/L
119980 . 0.063 UG/L
19981 . 0.063 UG/L
19982 . 0.063 UG/L
Pollutant=HEXACHLOROBENZENE
EPA )
_Sample Quantified Minimun ’
Number Amount Level Units
12974 . “"10.,000 UG/L
19975 . . 16.000 . UG/L
19976 . 10.000 UG/L
- 19977 - -10.000 ‘UG/L
19978 o 10.000 UG/L
19979 . 20.000 UG/L
19980 . 10.000 UG/L
19981 . 10.000 UG/L
19882 o

110.000  UG/L
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Wet Weight Concentrations of Pollutants in Septage

Pollutant=HEXACHLOROBUTADIENE .

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 o 20.000 UG/L
19980 . 10.000 UG/L
19981 . _' 10.000 UG/L
19982 . 10.000 UG/L

Pollutant=LEAD

"EPA

Sample Quantified Minimum

Number Amount level Units
19974 121.00 o UG/L
19975 . $0.000 UG/L
19976 . £0.000 UG/L
~3977 . 50.000 UG/L
19978 . £0.000 UG/L

* 79979 70.30 . UG/L
15980 79.30 . UG/L
19981 . 50.000 UG/L
19982 T 50.000 UG/L

Pollutant=LINDANE (GAMMA-BHC)
EPA

Sample Quantified Minimum

Number Amount Level Units
19974 . 0.138 UG/L
19975 . 0.138 _ UG/L
19976 . 0.138 UG/L
19977 0.13 o UG/L
19978 - . 0.138 UG/L
19979 . 0.253 UG/L
19980 0.25 . UG/L
19981 . 0.138 UG/L
, 19982 o 0.138 UG/L




Wet Weight Concentrations of Pollutanﬁs,in Septage

Pollutant=uERcﬁR¥

EPA : , )
Sample Quantified Minimum -
Number Amount Level Units
19974 : . 0.200 UG/L
19975 . 0.200 - UG/L
19976 ' . © 0.200 . UG/L
19977 0.30 . ; UG/L
19978 . 0.200 - UG/L
19979 . 1.30 . -~ UG/L
19980 0.45 . UG/L -
19981 0.50 - . . UG/L
19982 4.05" - . UG/L
Pollutant=MOLYBDENUM
EPA ,
Sample Quantified * Minimum
Number Amount Level Units
19974 14.40 . UG/L
19975 . 10.000 UG/L
19976 ~ . © 10.000 = UG/L
19977 - 10.000 UG/L
19978 . "10.000 UG/L
19979 - 10.000 UG/L
19980 . 10.000 - UG/L
19981 . 10.000 UG/L
19982 . '10.000 UG/L

-- Pollutant=N-NITROSODIMETHYLAMINE

! EPA
‘Sample Quantified Minimum '
Number Amount level Units
19974 - 50.000 UG/L
19975 - . 50.000. UG/L
19976 - £0.000 "UG/L
..199877 . 50.000 UG/L
19978 . 50.000 UG/L
19979 . 100.000 = UG/L
19980 - 50.000 UG/L
19981 o $0.000 UG/L
19982 . 50.000 UG/L
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Wet Weight Concentrations of Pollutants in Septage

Pollutant=NICKEL

EPA

Sample Quantified Minimum

Number Amount Level Units
19974 . 40.000 UG/L
19975 . 40.000 UG/L
19976 . 40.000 UG/L
19977 79.80 . UG/L
19978 : 61.80 . UG/L
19979 105.00 . UG/L -
19980 41.90 . UG/L
19881 . 40.000 UG/L
19982 41.60 : . UG/L

Pollutant=NITRATE+NITRITE (AS N)

EPA

Sample Quantified. Minimum

Number Amount Level Units
19974 0.20 . MG/L
19975 . 0.100 MG/L
19976 . 0.100 MG/L
19977 0.90 . MG/L
19978 0.20 - - MG/L
19979 0.60 . MG/L
19980 0.60 . MG/L
19981 0.60 . MG/L
19982 0.20 o MG/L

Pollutant=PCB(TOTAL)
EPA v

Sample Quantified Minimum

Number Amount Level Units
19974 . 1.750  UG/L
19975 - - 1.750 UG/L
19976 . 1.750 - UG/L
19977 . 1.750 UG/L
19978 . 1.750 UG/L
19979 - 3.218 UG/L
19980 . 1.750 UG/L
19981 . 1.750 UG/L
19982 . 1.750 UG/L
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Wet Weight Concentrations of‘Pollutants in Septage

Pollutant=SELENIUM
~ EPA |
Sample Quantified = Minimum ,
Number Amount Level Units
19974 . 50.000 UG/L
19975 . 5.000 UG/L.
19976 . 5.000 UG/L
19977 . 5.000 UG/L
19978 . 5.000 UG/L
19879 30.50 . UG/L
19980 ‘ . 5.000 UG/L
19981 . - 50.000 UG/L
19982 - 32.00 . UG/L

Pollutant=TOTAL KJELDAHL NITROGEN

EPA
Sample Quantified * Minimum ’
Number amount Level Units
19974 - 142.00 . MG/L
19975 9.00 - MG/L
19976 55.00 . MG/L
19977 "31.00 - MG/L
19978 70.00 . MG/L
19979 119.00 . MG/L
19980 115.00 . MG/L
19981 175.00 . MG/L
19982 152.00 o MG/L
Pollutant=TOTAL PHOSPHOROUS

EPA .

Sample Quantified Minimum

Number Amount Level Units
19974 32.00 . MG/ L
19975 1.70 . MG/L
19976 7.00 . *MG/L
198977 ... 25.00 . MG/L
19978 12.00 . MG/L
19979 48.00 . MG/L
19980 36.00 . MG/L
19981 45.900 - MG/L
19982 41.00 . MG/L
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Wet Weight Concentrations of Pollutants in Septage

Pollutant=ZINC'

EPA
Sample Quantified Minimum
Number Amount Level . Units
19974 5990.00 . UG/L
15975 182.00 . UG/L
19976 519.00 . UG/L
19977 6210.00 o UG/L
19978 . 1120.00 o UG/L
19979 23800.00 o UG/L
19980 3810.00 . UG/L
~ 19981 . 2850.00 .. UG/L
19982 3190.00 . UG/L
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Wet Weight Concentrations of Pollutants in Septage

Pollutant=TOTAL SOLIDS

EPA

Sample Quantified Minimum

Number Amount Level Units
19974 4880.00 o MG/L
19975 733.00 . MG/L
19976 €653.00 . MG/L
19977 142000.00 . MG/L
19978 2310.00 . MG/L
19979 -'18500.00 . MG/L
19980 11300.00 . MG/L
19981 6580.00 . MG/L
19982 11700.00 . MG/L

- - Pollutant=TOXAPHENE

EPA ,

Sample Quantified Minimum

Number Amount Level Units
19974 . 11.375 "UG/L
19975 . 11.375 UG/L
19976 . 0.910 UG/L
19977 . 11.375 UG/L
19978 . 11.375 UG/L
19979 - 20.920 UG/L
19980 . 11.375 UG/L
19981 o 11.735 UG/L
19982 . 11.375 UG/L

Pollutant=TRICHLOROETHENE

EPA .
Sanple @ Quantified Minimum

Number . Amount Level = 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
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TABLE C-1

" UPTAKE OF ARSENIC BY FORAGE

Study Chemical ' - Application Tissue -~ Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) 2 Comments
A - NaturalForage  Sludge-~ - =~ NiRy - 0 <025 0.001 Baxter et al., 1983
. : 3.03 <0.25 '
A Rape - Sludge NR(3) O 0.37 09  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 Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) {ug/g DW) (2) . Comments |

C Tomato/FnJit Lead arsenate 7.5 6.2 04 0.001 Elfving et al., 1978, p.96.

: 62 0.1 :

C Broccoli/Fruit  Arsenic acid N.R. 200 04 0002 Pyles & Woolson, 1982.

. No control data given for

soil or plant tissue.

, Slope calculated without

: ’ controls.

C TomatofFruit  Arsenicacid ~ - = N:.R: - 200~ - - 011 0001  Pyles & Woolson, 1982.

' No control data given for

" sof or plant tissue.

Slope calculated without

controls.

C Peal/Grain Arsenic N.R. 0 0.01 0.001 Walsh et al, 1977.

300 _ 0.18
C Pea/Pod Arsenic N.R. 0 ) 0.05 .0.003 " Walsh et al, 1977.
o 30 - 0.88 i
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TABLE C-3

UPTAKE OF ARSENIC BY GRAINS AND CEREALS

Study Chemical Application Tissue Uptake
Type Plant/ Form Solit Rates Concentration Slope . Reference/
{1) Tissue Applied pH {kg/ha) {ug/g DW) (2) Comments
C Milet L.ead arsenate” 7.5 6.2 0.2 0.013 Elfving et al., 1978, p.96.
62 0.9
C-3




TABLE C-4

UPTAKE OF ARSENIC BY LEAFY VEGETABLES

Study ‘Chemical Application Tissue ~Uptake
Type Plant/ Form Soll Rates COncentratI_on' Slope Reference/
(1) Tissue Applied pH (kglha) (ug/g DW) {2) Comments
A SwissChard . Sludge ...... 55 . 0 .. 0.16... ... 0.340 . -Furretal, 1976;p. 87. ~
1.47 0.66
A Swiss Chard Sludge 6.5 0 063 ~-0.001 Furret.al., 1976, p. 87.
1.47 0.16
C SwissChard  Lead arsenate N.R. 18.8 0.001 0.004  Chisholm, 1972, p. 586.
107.2 0.37 :
C Cabbage Lead arsenate 7.5 . 8.2 0.1 .. 0.001 Elfving et al., 1978, p.96.
62 0.1 ' .
C Cabbage Arsenic acid N.R. 200 <0.01 . 0.001 Pyles & Woolson, 1982.
) No control data given for
soil or plant tissue.
Slope calculated without
. controls.
C Swiss Chard Arsenic acid N.R. 200 1 0.005 Pyles & Woolson, 1982. .
No controf data given for -
soil or plant tissue.
Slope calculated without
o controls.
C Lettuce Arsenic acid N.R. 200 Pyles & Woolson,' 1982.

Cc4

055  0.003

No control data given for

soil or plant tissue.
Slope calculated without
‘ controls.




UPTAKE OF ARSENIC BY LEGUMES

TABLE C-5

Study Chemical Application Tissue Uptake

Type Plant/ Form Soll Rates Concentration Slope Reference/

(1) Tissue Applied pH {kg/a) (ug/g DW) (2) Comments

C GreenBean/ Lead arsenate- N.R.- 49 0.05 0.001 Chisholm, 1972, p. 586.
Grain 245 0.22

C Green Bean/ Lead arsenate N.R. 49 0.08 . 0.001 Chisholm, 1972, p. 586.
Grain 245 0.17

C GreenBean/ Lead arsenate N.R. 16.8 0.001" 0.001 Chisholm, 1972, p. 586.
Grain 1072 0.06

C Bush Bean/ Lead arsenate 7.5 6.2 0.1 0.001 Eifving et 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 given for

soil or plant tissue.

Slope calculated without

. controls.

C Bean/Grain Arsenic N.R. 0 0.01 0.001 Walsh et al, 1977.
300 0.07

C Bean/Pod Arsenic N.R. 0 0.27 0.002 Walsh et al, 1977.
300 0.79
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TABLE C-6

UPTAKE OF ARSENIC BY POTATOES

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) {2) Comments
' C Potato/Tuber  Leadarsenate. . 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 Potato/Tuber  Lead arsénate NR. 188 0.001 0.001  Chisholm, 1972, p. 586.
) ‘ 107.2 0.09 - L
. C Potato/Peel Lead arsenate N.R. 18.8 .0.001 0.012 Chisholm, 1972, p. 586..
) 107.2 1.1
C Potato/T Uber Lead arsenate 7.5 6.2 0.1 0.001 - Efvingetal, 1978, p.96.
62 0.1 : ‘ '
C Potato/Tuber Arsenic acid N.R. 200 1.18 0.006 -+ Pyles & Woolson, 1982.
.. No control data given for
soil or plant tissue.
Slope calculated without -
controls.
C . Potato/Tuber Sodium arsenate 55 0 0.1 0.001 Stevens et al, 1972.
. ) 45 0.1 Soil treated with
80 0.002 Fe(SO(4))(3).
180 0.002
720 0.005
C Potato/Tuber Sodium arsenate 55 0 0.1 0.001 Stevens et al, 1972.
45 0.1 Soil treated with
80 ... . 0.1 Al2)(SO(4))(3).
180 04 -
720 0.006
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TABLE C-7

UPTAKE OF ARSENIC BY ROOTS

Tlssué

IStudy Chemical Application Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
C CamotTuber Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586.
245 0.27
C Camot/Tuber  Lead arsenate NR. 188 0.001 0.003  Chisholm, 1972, p. 586.
107.2 026 )
C Tumip/Tuber  Lead arsenate NR. 18.8 0.001 0.001 Chisholm, 1972, p. 586.
107.2 0.1
C Tumip/Peel Lead arsenate: ‘N.R.~ - 18.8 0.001 0.012 Chisholm, 1972, p. 586.
107.2 1.08
C Camrot/Tuber Lead arsenate 7.5 6.2 0.1 0.014 Elr'ving et al., 1978, p.96.
62 0.9
C Onions/Bub  Lead arsenate 75 6.2 0.1 0.005  Etfving et al, 1978, p.96.
* 62 0.4
C Beet/Tuber Arsenic acid N.R. 200 0.86 0.004 Pyles & Weolson, 1982.
- No control data given for
soil or plant tissue.
Slope calculated without
controls,
Cc-7




' TABLE C-8

UPTAKE OF ARSENIC BY SWEET CORN

Study Chemical Application Tissue  Uptake

Type Piant/ Form Solil Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) - (ug/g DW) (2) Comments
C Com/Grain Lead arsenate N.R. 49 0.05 0.001 Chisholm, 1972, p. 586.

) ‘ 245 0.07
C Com/Grain Lead arsenate N.R. 18.8 o 0.001 0.001 Chishoim, 1972, p. 586.

- 107.2 0.04
C Sweet Com/ Arsenicacid =~ - ‘N.R. -~ 200 <0.01 0.001--  Pyles & Woolson, 1982.
Grain No control data given for
soll or plant tissue.
Slope calculated without
’ controls.
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TABLE C-9

UPTAKE OF CADMIUM BY FORAGE

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soli Rates Concentration Slope Reference/
{1) Tissue Applled pH {kg/ha) (ug/g DW) (2) Comments
A Natural Forage Sludge N.R. 0.78 0.11 1.702 Baxter et al., 1983
1.36 1.08 Means reported
A PealVine Sludge 5.3 0 0.02 0.049 Dowdy & Larson,
0.83 0.13 s 1975.
1.66 0.16
3.32 0.2
A Com/Leaf 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 Com/Forage Sludge 54 0 ) 1 1.330 _Giordano, Mortvedt,
0.008 23 Mays, 1975, p. 394.
1.6 3.3 1972 data used.
« 3.2 5.3
A Com Sludge 54 0 1 0.255 Giordano, Mortvedt,
2.5 3.7 Mays, 1975, p. 394.
5 35 1972 data used.
10 4.1
A Bean/Vine Compost 5.4 0 0.5 0.001 Giordano, Mortvedt,
0.8 0.5 Mays, 1975, p. 394.
16 0.5 1972 data used.
3.2 0.5
A Bean/Vine Compost 54 0 0.5 0.059 Giordano, Mortvedt,
25 1.1 Mays, 1975, p. 394.
5 1.2 1972 data used.
10 12
A Com Compost 54 0 11 0.688 Giordano, Mortvedt,
1.6 3 Mays, 1975, p. 394.
3.2 3.9 1973 data used.
6.4 57
A Com Sludge 54 0 1.9 0.299 Giordano, Mortvedt,
5 5.9 Mays, 1975, p. 394.
10 6.6 1973 data used.
20 7.9
A Bean/Vine Compost 54 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 Soll Rates Concentration Slope . Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Bean/Vine Siudge 5.4 0 - 03 .0.042 - Giordano, Mortvedt,
. 5 1.1 - Mays, 1975, p. 394.
10 11 1973 data used.
20 13
A ComlLeaf Sludge 5256 0 : 0.83 --2.510 Pepper et al, 1983,
Limed 0.75 3.68 . p. 272
1.5 673 Sultan-com type.
3 845 ' -
A Com/lLeaf Sludge 4546 0 ) 1.01 2.276 Pepper et al, 1983,
Limed 0.75 5.11 p. 272
1.5 745 Sultan-corn type.
3 ‘8.3 ‘
A Com/Leaf Siudge ) 5.1-5.6 !0 0.2 1.651 Pepper et al, 1983,
Limed 0.75 0.66 p. 272.
15 2.08 ’ Puyallup-comn type.
3 4.96
A Comlleaf ' Sludge 4446 0 0.2 0.926 Pepper et al, 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 0.077 Heffron et al, 1980,
21.56 1.7 . p. 59.
A Com Sludge 54 0 . 0.29 0.142 Telford et al, 1982.
25.3 3.88
A Com/Grain Sludge 5.9-6.0 0 0.01 0.001 Rapppaport et al,
. ’ 0.9 0.01 v 1987. 1984 data used.
1.8 ‘ 0.01
A Com " Sludge 5.9-6.0 0 0.03 0.022 Rapppaport et al,
- 0.9 0.13 1987. 1984 data used.
: 1.8 0.07
A Barley .-Sludge , 5.9-6.0 0 0.12 0.110 Rapppaport et al,
0.9 0.13 1987. 1984 data used.
1.8 014 '
A Sweet Com/ Sludge 65 0 0.28 - 0.139 Hemphill et al, 1982.
Leaf - : 1.5 0.49 Portland sludge
A Sweet Com/ Sludge 6.5 0 0.28 0.001 Hemphill et al, 1982.
Leaf 1.5 0.22 ‘ , Rockcreek sludge.
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TABLE C-9 (cont.)

UPTAKE OF CADMIUM BY FORAGE (cont.)

Study Chemical Application Tissue Uptake .
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH {kg/ha) {ug/g DW) (2) Comments.
A SweetCom/ Sludge 6.5 0 0.28 . -0.001 Hemphill et al, 1982.
Leaf 0.21 024 Salem sludge.

A Ryegrass Liquid sludge 6.5 0.6 0.11 . 0.048 -Caritoh Smith, 1988.
4.52 0.3 -Means of 5 years used.

Sandy loam.

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.

Sandy loam.

A Ryegrass Liquid sludge 6.7 14 0.19 0.055 Cariton Smith, 1988.
6.7 0.48 Means of 5 years used.

Clay.

A Ryegrass Bed-dried 6.7 "1.4 0.17 0.023 Cariton Smith, 1988.
Sludge 15.12 0.48 Means of 4 years used.

R ' Clay.

A Ryegrass Liquid sludge 8.0 1.44 0.04 0.020 Cariton Smith, 1988.
5.86 0.13 Means of 5 years used.

Calcareous loam.

A Ryegrass Bed-dried 8.0 15 0.05 0.015 Cariton Smith, 1988.
Sludge 22.12 0.35 Means of 4 years used.

Calcareous loam.

A Barley/Leaf Sludge . 6.264 0 0.67 0.004 Sommers et al, 1991.

23 0.76
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TABLE C-10

UPTAKE OF CADMIUM BY GARDEN FRUITS

Study Chemical Application Tissue Uptake
Type . Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH {kg/ha) {sg/g DW) (2) Comments
A Cantaloupe/ Siudge 46610 0 18 0.636 Giordano et al., 1979
Fruit 1" 25 Year 3 (1977)
No heat, no lime
'A Broccoll/ Sludge 476.2 0 0.27 0.056 Giordano et al., 1979
Fruit 1 0.89 Year 2 (1976)
' No heat
A Eggplant/ Sludge 47862 0 0.54 0.100 Giordano et al., 1979
Fruit 11 1.64 Year 2 (1976)
" Noheat
A Tomato/ Sludge 476.2 0 0.52 0.047 Giordano et al., 1979
Fruit 11 1.04 Year 2 (1976)
No heat
- A Pepper/ Sludge 4762 ] 29 . 0.364 Giordano et al., 1979
Fruit Year 3 (1977)
No heat, no lime
A Squashl Sludge 5.1-6.0 0 0.15 0.011 Giordano et él., 1979
Fruit . 11 0.27 : Year 1-(1979)
No heat. Yellow
Crookneck squash
A Pepper/ Sludge 5.1-6.0 0 0.3 0.091 Giordano et al., 1979
Fruit 1 13 Year 1 (1979)
No heat. California
Wonder Variety
A PealGrain Siudge 53 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 19785.
1.66 0.33
.3.32 0.33
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 Keefer et al, 1986.
0.7 0.55 - Blue Plains sludge.
0.5 Early fruiting.

1.4
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TABLE C-10 (cont)

UPTAKE OF CADMIUM BY GARDEN FRUITS (cont.)

Study Chemilcal Application Tissue . Uptake

Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kglha) (ug/g DW) (2) Comments
A Tomato/Fruit Sludge 6.6 0 0.32 0.057 Keefer et al, 1986.
0.7 04 Blue Plains sludge,
1.4 0.4 Late fruiting.
A  Tomato/Fruit Sludge 741 0 0.39 0.018 Keefer et al, 1986.
3.1 0.75 Huntington sludge.
6.2 0.5 Early fruiting.
A Tomato/Fruit Sludge 71 0 0.32 0.029 Keefer et al, 1986.
‘ 3.1 04 Huntington sludge.
6.2 0.5 Late fruiting.
A Tomato/Fruit Sludge 6.9 0 0.39 0.114 Keefer et al, 1986.
0.7 0.4 ' Martinsburg sludge.
. 1.4 0.55 Early fruiting.
A Tomato/Fruit Sludge 6.9 0 0.32 0.079 Keefer et al, 1986.
0.7 0.45 Martinsburg sludge.
14 0.43 Late fruiting.
A Tomato/Fruit Sludge 6.3 0 0.39 0.325 Keefer et al, 1986.
0.4 0.45 Parkersburg sludge.

0.8 0.65
A Tomato/Fruit Sludge 6.3 0 0.32 0.001- Keefer et al, 1986.
0.4 0.43 Parkersburg siudge.

0.8 0.26
A Tomato/Fruit Sludge N.R. 0 0.9 0.053 Lue-Hing et al, 1984.
4 13 1977 data used.
8 1.5 Nu-Earth.

16 1.9
20 2
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TABLE C-11

UPTAKE OF CADMIUM BY GRAINS/CEREALS

Study Chemical Appiication Tissue  Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied , pH (kg/ha) {(ng/g DW) (2) Comments
A  Wheat/Grain Siudge N.R.(3) o l 0.066 0.017 Sabey & Hart, 1975.
1.5 0.159 :
6 0.18
A Com/Grain “Sludge . 496.5 0 0.010 0.004 Lisk et al, 1982.
38.6 0.170
A Com/Grain Sludge ‘5256 0 0.27 0.045 Pepper et al, 1983,
: 0.75 0.41 ’ p. 272
Sultan-com type.
1.5 0.6
3 0.41
A Com/Grain Sludge 4546 0 0.29 0.094 Pepper et al, 1983,
. 0.75 0.5 . p. 272
15 0.5 Sultan-com type.
3 0.61
A Com/Grain Siudge 5.1-5.6 0 0.12 0.173 Pepber ef al, 1983,
0.75 0.27 i p. 272.
1.5 0.43 Puyallup-com type.
3 0.64
A Com/Grain Sludge 4446 0 0.16 0.076 Pepper et al, 1983,
- 0.75 0.2 - p. 272.
1.5 . 0.39 Puyallup-com type.
3 0.37
A Com/Earleaf Siudge 5.9-6.0 0 0.07 0.001 Rapppaport et al, 1987.
- C.8 0.07 1984 data used.
1.8 0.06
A Wheat/Grain Liquid sludge 6.5 0.6 0.13 0.041 Cariton Smith, 1988.
4.52 0.29 Means of 5 years used.
Sandy loam.
A Wheat/Grain Bed-dried 6.5 0.6. 0.14 0.016 Cariton Smith, 1988.
Sludge 12.57 0.33 ‘Means of 4 years used.
Sandy loam.
A Wheat/Grain Liquid sludge 6.7 14 0.26 0.049 Cariton Smith, 1988.
. 6.7 0.52 Means of 5 years used.
Clay.
A Wheat/Grain Bed-dried 6.7 14 0.26 0.021 Cariton Smith, 1988.
’ Siudge 15.12 0.55 Means of 4 years usgd.
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TABLE C-11 (cont.)

UPTAKE OF CADMIUM BY GRAINS/CEREALS (cont.)

Study Chemlcal Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ngl/g DW) (2) Comments
A  Wheat/Grain Liquid sludge 8.0 1.44 0.052 0.022 Cariton Smith, 1988.
5.86 0.15 Means of 5 years used.
Calcareous loam.
A Wheat/Grain Bed-dried 8.0 15 0.08 0.009 Cariton Smith, 1988.
Sludge 22.12 0.27 Means of 4 years used.
Calcareous loam.
A Barley/Grain Sludge 6.26.4 0 0.04 0.001 Sommers et al, 1991.
23 0.05 Ohio data used.
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TABLE C-12

UPTAKE OF CADMIUM BY LEAFY VEGETABLES

Type Plant/ Form Soll Rates Concentration Slope Reference/

Study ‘ : Chemical Application - Tissue Uptake
(1) Tissue Applied pH. (kg/ha) (ug/g DW) ' (2) : Comments

A Kale - Sludge 84 5.49 1.668 0.304 Giordano & Mays, 1977
‘ Year 1
Dacatur sludge

A Kale Sludge 8.4 392 0.004 0.001  Giordano & Mays, 1977
. ' . . : Year 1
Tuscumbia sludge

A Lettuce Sludge 84 5.49 7.576 . 4.380  Giordano & Mays, 1977
' ' ' Year 1
Decatur sludge

A Lettuce Sludge 84 . 382 2.391 0.610 Giordéno & Mays, 1977
. Year1 .
Tuscumbia sludge

A Spinach Sludge 8.4 5.49 1.801 0.328  Giordano & Mays, 1977
) Year 1
Decatur sludge

A  Spinach - Sludge 8.4 392 0.004 0.001  Giordano & Mays, 1977
. Year 1
Tuscumbia sludge

A Lettuce Sludge 8.4 549 5.929 1.080  Giordano & Mays, 1977
Year 1
Decatur sludge

A Lettuce Sludge 8.4 3.92 1.438 0.367 Giordano & Mays, 1977
- . : i Year 1
Tuscumbia sludge

- A Lettuce Sludge 5.6 126 0.5544 0.440 Schauereta, 1980
- Year 1
" Warwick sludge

A Lettuce . Sludge Y 1.26 2.457 1.950 Schauerota, 1980
' : ’ Year 1
Warwick sludge

A SwissChard  Sludge 57 0.84 1.000 1.190 Chaney et al., 1978b
) Backriver sludge

A Swiss Chard . Sludge 56 2.24 2.200 © 0.982 Chaney et al., 1978b
Blue Plains sludge

A SwissChard ~Digcompost 6.6 15 - 0.900 0.600 Chaney et al., 1978b

A Swiss Chard ‘Dried DC 5.5 33 23.298 7.060 ' Chaney et al., 1978¢
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TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

Study
Type Plant/
{1) Tissue

Application Tissue . Uptake
Rates Concentration Slope

Chemical
Form Soll
Applied pH

Reference/
Comments

A Swiss Chard

A Swiss Chard

A Swiss Chard

A Swiss Chard

A Swiss Chard

A Swiss Chard

A  Swiss Chard

A Swiss Chard

A Swiss Chard

A Swiss Chard

+ A Swiss Chard

A Lettuce

(kg/ha) (ug/g DW) 2

Sludge 4.9 0.76 0.897 1.180

Sludge 6.0 0.78 0005 . 0422

Sludge 4.9 1.48 0.049 0.033

Sludge 6.3 1.85 0.630 0.323

Sludge 5.5 9.00 25.830 2.870

Sludge 6.2 6.92 2.484 0.359

Sludge 5.5 3.18 4.530 1.420

Sludge 6.2 4.43 1.675 0.378

Sludge 6.6 - 2.47 0.785 0.318

Sludge 5.8 0.32 0.115 0.359

1.505 0.119

Sludge - 6.7 12.65

1.26
2.62

Heat-Treated 5.3-54 0 0.453

Sludge 3
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Chaney & Homick, 1978
CAST 1980

City 4 sludge

Chaney & Homick, 1978
CAST 1980
City 4L slucge

Chaney & Hornick, 1978

CAST 1980
City 9 Sludge

Chaney & Homick, 1978
CAST 1980
City 9L sludge

Chaney & Homick, 1978
CAST 1980
City 13 sludge

Chaney & Homick, 1978
CAST 1980
City 13L sludge

Chaney & Homick, 1978
CAST 1980
City 1 sludge

Chaney & Homick, 1978
CAST 1980
City 1L sludge

Chaney & Homick, 1978
CAST 1980
City 1H sludge

Chaney & Homick, 1978
CAST 1980
City 19H sludge

Chaney & Homick, 1978
CAST 1980
City 39H sludge

Chaney et al, 1982
Romaine Lettuce
1981 data




TABLE C-12 (cont.)

'UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

Study - Chemical - Application Tissue Uptake
Type " Plant/ Form Soll "Rates Concentration - Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A - Lettuce Heat-Treated 6.2 (i} 0.62 0.103 Chaney et al, 1982
Sludge 3 0.93 ' Romaine Lettuce
‘1981 data
A Lettuce Nu-Earth 5.3-5.6 0 1.26 1.397 . Chaney et al, 1982
21 30.6 . Romaine Lettuce
*1981 data
A Lettuce Nu-Earth 6.2-6.6 0 0.62 0.272 _ Chaney et al, 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 6.76.8 6 ' 0.33 0.217 Chaney et al. 1982
Sludge 3 0.98 *1978 data
A SwissChard  Nu-Earth 5763 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 55-5.6 0 0.62 0.001 Chaney et al., 1982
’ Sludge 3 0.54 *1980 data
A Collard Greens Heat-Treated 6.4-6.3 0 0.53 0.001 Chaney ‘e( al., 1982
’ Sludge 3 0.42 ' . ‘1980 data
A Collard Greens Nu-Earth 5.5-6.3 0 0.62 0.107 Chaney et al., 1982
21 2.86 1980
A Collard Greens Nu-Earth 6.46.8 0 ' 0.53 0.080 Chaney et al., 1982
21 22 - *1980
" A Lettuce Siudge 4.6-6.0 (o] 1.18 0.656 Giordano et al., 1979
11 8.4 : Year 3 (1977)
No heat, no ime
Bibb lettuce
A Lettuce Siudge 466.0 0 0.88 0.125 Giordano et al., 1979
11 2.25 Year 3 (1977)
No heat, no ime
Romaine lettuce

C-18




TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

IStudy Chemical Application Tissue . Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied " pH (kg/ha) (ug/g DW) (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 ime
Boston Lettuce
A Cabbage Sludge 4.6-6.0 0 0.19 0.015 Giordano et al., 1979
11 . 0.35 Year 3 (1977)
No heat, no ime
A Lettuce Sludge 4762 0 0.86 0.245 Giordano et al., 1979
1 3.56 Year 2 (1976)
_ No heat
Great Lakes Lettuce
A Lettuce Sludge 5160 .0 0.3 0.918 Giordano et al., 1979
11 10.4 Year 3 (1977)
No heat, noilime
Great Lakes Leltuce
A Lettuce Sludge 5.8 1] 0.6 1.310 Chaney et al., 1978
0.84 1.7 Romaine Lettuce
. Backriver sludge
A Lettuce Sludge 6.0 0 0.6 0.848 Chaney et al., 1978
224 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
Miforyanite
A Lettuce Sludge 5.5 0 0.6 3.333 Chaney et al., 1978
33 11.6 Romaine lettuce
Dried DC
A Lettuce Sludge 6.5 o 0.61 0.607 Dowdy & Larson,
0.83 1.28 1978.
1.66 1.72 :
3.32 2.67
A Tumip/Greens Sludge 5.8 0 1.000 0.680 Miller & Boswel],
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 Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Cabbage Sludge 6.6 o 0.08 0.014 Keefer et al, 1986.
0.7 0.12 Blue Plains sludge. -
14 0.1
A Cabbage Sludge 7.1 0 0.08 0.010 Keefer et al, 1986.
31 0.11 ‘Huntington sludge.
6.2 0.14
A Cabbage Sludge 6.9 0 0.08 0.014 Keefer et al, 1986.
0.7 0.12 Martinsburg sludge.
14 0.1
A Cabbage Siudge 6.3 0 0.08 0.138 Keefer et al, 1986.
' 0.4 0.14 ' Parkersburg sludge.
0.8 0.19
A Lettuce Composted N.R. 0 0.5 0.664 Chang et al., 1978
’ Sludge 16 22 ;
2.9 3.1
57 4.4
A  Swiss Chard Composted N.R. 0 0.2 0.337 Chang et al., 1978
Sludge 1.6 04
2.9 0.7
57 21
A Tumip/Greens Composted N.R. 0 1.0 0.414 Chang et al., 1978
Siudge 1.2 12
22 27
43 26
A Lettuce Liquid sludge 8.5 0.6 0.77 0.406 Carlton Smith, 1988.
452 2.36 Means of 5 years used.
Sandy loam.
A Lettuce Bed-dried .65 0.6 0.73 0.129 Cariton Smith, 1988.
‘ Sludge 12.57 227 Means of 4 years used.
Sandy loam.
A Lettuce Liquid sludge 6.7 1.4 572 0.313 Cariton Smith, 1988.
6.7 7.38 . Means of 5 years used.
" Clay.
A Lettuce Bed-dried 6.7 14 465 - 0.079 Cartton Smith, 1988.
: Sludge 15,12 ' 5.74 Means of 4 years used.
Clay.
A Lettuce Liquid sludge 80 . 144 0.63 0472 Cariton Smith, 1988.
5.86 1.39 Means of § years used.
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TABLE C-12 (cont.)

UPTAKE OF CADMIUM BY LEAFY VEGETABLES (cont.)

IStudy Chemical Application Tissue Uptake

Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) {ug/g DW) (2) Comments
A Lettuce Bed-dried 8.0 1.5 062 0.066 Cariton Smith, 1988.
Sludge 2212 1.99 Means of 4 years used,
Calcaraous loam.
A Cabbage Liquid sludge 6.5 0.6 0.11 0.010 Cartton Smith, 1988,
4.52 0.15 Means of 5 years used.
; Sandy loam.
A Cabbage Bed-dried 6.5 0.6 0.12 0.009 Cartton Smith, 1988.
Sludge 12.57 0.23 Means of 4 years used,
Sandy loam.
A Cabbage Liquid sludge 6.7 1.4 0.27 0.002 Carlfon Smith, 1988,
6.7 . 0.28 Means of 5 years used.
" Clay.
A Cabbage Bed-dried 6.7 14 0.25 0.003 Carlton Smith, 1988.
Sludge 15.12 0.29 Means of 4 years used.
Clay.
A Cabbage Liquid sludge 8.0 1.44 0.05 0.023 Cariton Smith, 1988,
. 5.86 0.15 Means of 5 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 of 4 years used.
Calcareous loam.
A  Spinach Sludge N.R. 0 54 0.405 Lue-Hing et al, 1984.
4 11.9 1977 data used.
8 18.8 Nu-Earth,

16 16.9

20 146
A Swiss Chard Siudge N.R. 0 2.2 0.323 Lue-Hing et al, 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 .. Soll Rates Concentration Siope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Bean/ : Sludge ' 5.1-6.0 0 0.1 0.009 Giordano et al., 1979

Grain o 11 0.2 i Year 1 (1979)
No heat
Contender variety
A Bean/Pod Compost - 54 ‘ 0 g 0.2 0.001 Giordano, Mortvedt,
: 0.8 0.2 Mays, 1975, p. 394.
1.6 0.2 1972 data used.
32 0.1
A Bean/Pod  Sludge 54 0 0.2 0.001. . Giordano, Mortvedt,
25 0.2 Mays, 1975, p. 394.
-5 - 0.2 1972 data used.
10 0.2 :
‘A BeanfPod  Compost 54 Q 0.1 0.001  Giordano, Mortvedt,
: 16 0.1 , Mays, 1975, p. 394.
3.2 ‘ 0.1 ‘ 1972 data used.
6.4 0.1 '
A Bean/Pod - Sludge 5.4 0 0.1 0.004 Giordano, Mortvedt,
) 5 0.2 Mays, 1975, p. 394.
10 0.2 1972 data used.
20 0.2
A Green Bean/ Sludge . b6 0 0.1 0.001 Keefer et al, 1986.
Pod & Seed 0.7 0.1 Blue Plains sludge.
14 0.1
A  Green Bean/ Sludge . 71 0 0.1 0.001 Keefer et al, 1986.
Pod & Seed - - 3.1 0.1 Huntington sludge.
» 6.2 0.1
A GreenBean/  Sludge 6.9 0 0.1 ' 0.001 Keefer et al, 1986.
Pod & Seed 07 0.1 Martinsburg sludge.
i 14 0.1
A GreenBean/  Sludge 6.3 0 0.1 0.001 Keefer et al, 1986.
Pod & Seed - : 0.4 0.1 Parkersburg sludge.
0.8 0.1
A GreenBean/ Sludge NR. 0 0.1 0.012 Lue-Hing et al, 1984.
Pod & Seed 4 0.1 1977 data used.
8 0.2 Nu-Earth.
16 0.3 ’
20
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TABLE C-13 (cont.)

UPTAKE OF CADMIUM BY LEGUMES (cont.)

Study Chemical Application Tissue ‘Uptake .
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applled pH (kg/ha) {(ug/g DW) (2) Comments
A Soybean/ Limed digested 7.3-7.5 0.1 0.28 0.001 Chaney et al, 1977.
Grain sludge 0.3 0.14 . For control used
0.54 . 0.25 calcareous soil data,
0.66 02 Chaney'’s values are
1.08 0.05 . . means of 3 reps.
1.42 0.1
A  Soybean/ Limed raw 7377 0.1 . 0.28 0.001 Chaney et al, 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 of 3 reps.
A Soybean/ Raw sludge 6.6-7.3 0.1 0.280 0.001 Chaney et al, 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 of 3 reps.
4.820 0.250 : '
A Soybean/ Heat treated 5.96.0 0.140 0.140 0.027 Chaney et al, 1977.
Grain sludge 0.860 0.110 Chaney's values are
High pH 1.260 0.190 means of 3 reps.
2.840 0.20
A Soybean/ Heat treated 5.3-5.6 0.140 0.340 0.001 Chaney et al, 1977.
Grain sludge 0.780 0.240 ' Chaney's values are
Low pH 1220 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 - Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Potato/ Sludge 4.7-6.2 0 0.11 0.001 Giordano et al., 1979
Tuber 11 0.1 Year 2 (1976)
No heat
‘A Potato Sludge 5.3 0 0.12 0.038 Dowdy & Larson,
: ’ 0.83 0.11 1975.
1.66 - 0.021
3.32 0.23
A  Potato/ Liquid sludge . - 6.5 0.6 0.15 . 0.0t Cariton Smith, 1988.
Tuber 4.52 0.19 Means of 5 years used.
: Sandy loam.
A  Potato/ Bed-dried 65 06 0.16 0.003 Carlton Smith, 1988.
Tuber Sludge 12.57 0.2 Means of 4 years used.
: Sandy loam.
A Potato/ Liquid sludge 6.7 1.4 0.52 0.001 Carlton Smith, 1988.
Tuber 6.7 : 0.49 Means of § years used.
: - Clay. -

A  Potato/ Bed-dried 6.7 1.4 0.53 0.001 Cariton Smith, 1988.
Tuber Sludge ' 15.12 0.41 Means of 4 years used.
Clay.
A Potato/ Liquid sludge 8.0 144 . 0.06 0.014 Carlton Smith, 1988.
Tuber 5.86 0.12 Means of 5 years used.
Calcaraous loam.
A Potato/ Bed-dried 8.0 15 0.06 0.004 Cariton Smith, 1988.
Tuber Sludge 2212 0.15 Means of 4 years used.
Calcareous loam.
C Potatof Organic, metal 66 392 0.29 0.007 Harris et al, 1978.
Tuber contaminated - . Vanessa-potato type.

soil
C Potato/ Organic, metal 6.6 39.2 0.2 0.005 Harris et al, 1978.
Tuber contaminated ‘ Pentland Savelin-potato
soil type.
C Potato/ Organic, metal 6.6 39.2 0.41 0.010 Harris et al, 1978.
Tuber contaminated Home Guard-potato type.

soil
C Potato/ Organic, metal 66 392 0.15 0.004 Haris et al, 1978.
Tuber contaminated Desiree-potato type.

soil )
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TABLE C-14 (cont.)

-

UPTAKE OF CADMIUM BY POTATOES (cont.)

[Study Chemilcal Application Tissue _ Uptake
| Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) {2) Comments
C Potato/ Organic, metal 6.6 39.2 0.32 0.008 Harris et al, 1978.
Tuber contaminated King Edward-potato type.

soil

C Potato/ Organic, metal 6.6 39.2 0.32 0.008 Hanis et al, 1978.
Tuber contaminated Majestic-potato type.

soil .

C-25




TABLE C-15

UPTAKE OF CADMIUM BY ROOTS

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
“) Tissue Applied pH (kg/ha) {ug/g DW) (2) Comments
A Carrot/Tuber Siudge 4.6-6.0 o 0.96 0.121 Giordano et al., 1979
1 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 Siudge 563 0 0.13 0.056 Dowdy &'Larson,
0.83 0.14 1975.
1.66 0.18
3.32 0.31
A Radish/Tuber  Sludge 6.6 0 0.53 0.107 Keefer et al, 1986.
: 0.7 0.66 Blue Plains sludge.
1.4 0.68
A Carrot/Tuber Sludge 6.6 0 0.2 0.001 Keefer et al, 1986.
0.7 0.32 Blue Plains sludge.
14 0.2 i
A Radish/Tuber  Sludge 7.1 0 0.53 - 0.039 Keefér ef al, 1986.
3.1 0.79 Huntington sludge.
6.2 0.77
A Carrot/Tuber Sludge 7.1 0 0.200 0.001 Keefer et al, 1986.
3.1 0.200 Huntington sludge.
6.2 0.200
A Radish/Tuber  Sludge 6.9 0 0.53 0.028 Keefer et al, 1986.
0.7 0.51 Martinsburg sludge.
1.4 0.57
A Carrot/Tuber Sludge 6.9 0 0.2 0.001 Keefer et al, 1986.
0.7 0.46 Martinsburg sludge.
14 3.2
A Radish/Tuber  Sludge 6.3 0 . 0.53 0.001 Keefer et al, 1986.
0.4 0.35 Parkersburg sludge.
0.8 0.39
A Carrot/Tuber Siudge 6.3 0 0.2 0.001' Keefer et al, 1986.
04 0.2 Parkersburg sludge.
0.8 02
A Radish Compostad v N.R. 0 0.5 0.432 Chang et &l., 1978
Siudge 16 0.7
‘ 29 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 Soll Rates Concentration Slope Reference/
{1) Tissue Applled pH (kg/ha) (ug/g DW) (2) Comments
A Radish/Tuber  Composted N.R. 0 0.2 0.123 Chang et al., 1978
Sludge 1.6 04 :

2.9 0.6

57 0.9
A Camot/Tuber Composted N.R. 0 04 0.358 Chang et al., 1978

Sludge 1.6 - 09

2.9 1.6

57 2.4
A Carmrot Composted N.R. 0 0.5 0.594 Chang et al., 1978

Sludge 16 16

29 25

57 . 3.9
A Tumip/Tuber Composted N.R. 1'O 0.2 0.043 Chang et al., 1978

Sludge 1.2 0.3

22 0.3

43 04
A Ryegrass Liquid sludge 6.5 0.6 0.11 0.048 Cariton Smith, 1988.
. 4.52 0.3 Means of 5 years used.
. Sandy loam.
A RedBeet/ Liquid sludge 6.5 0.6 0.29 0.087 Carlton Smith, 1988.
Tuber 4.52 0.63 Means of § years used.
Sandy loam.
A RedBeet/ Bed-dried 6.5 0.6 0.23 0.038 Cariton Smith, 1988,
Tuber Sludge 12.57 0.69 Means of 4 years used.
Sandy loam.
A RedBeet/ Liquid sludge 6.7 14 1.0 0.042 Carlton Smith, 1988.
Tuber 6.7 1.22 Means of 5 years used.
Clay.
A RedBeet/ Bed-dried 6.7 1.4 0.8 0.034 Carlton Smith, 1988.
Tuber Sludge 15.12 1.26 Means of 4 years used.
Clay.
A RedBeeV/ Liquid studge 8.0 1.44 0.1 0.036 Carlton Smith, 1988.
Tuber 5.86 0.26 Means of 5 years used.
Calcareous loam.
A RedBeeV Bed-dried 8.0 15 0.1 0.018 Cariton Smith, 1988.
Tuber Sludge 22.12 0.49 Means of 4 years used.
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TABLE C-15 (cont.)

UPTAKE OF CADMIUM BY ROOTS (cont.)

Study ’ Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH {kg/ha) (ug/g DW) 2 Comments
A BeeV . Sludge N.R. 0 0.5 0.078 Lue-Hing et al, 1984.
Tuber - . 4 1 . 1977 data used.
8 1 Nu-Earth.
16 2 t
20 2
A CarroV/ Sludge N.R. 0 1 0.061 Lue-Hing et al, 1984.
Tuber 4 1.3 1977 data used.
8 1.3 ’ Nu-Earth.
16 1.8
20 17
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TABLE C-16

UPTAKE OF CADMIUM BY SWEET CORN

Study Chemical Application 'l_’lssué, 'Uptake .
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Sweet Com/ Sludge 5.1-6.0 0 0.1 - 0.155 Giordano et al,, 1979
Grain 11 1.8 . Year 1 (1979)
No heat
Silver Queen com
A Sweet Com/ Sludge 5.3 1] 002 . 001 Déwdy & Larson, 1975.
Grain 0.83 0.02
1.66 0.03
3.32 0.05
A SweetCom/ 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 Sweet Com/ Sludge 5.4 .0 0.3 0.08 Giordano, Mortvedt,
Grain 25 0.9 Mays, 1975, p. 394.
) 1 1972 data used.
10 12
A Com/Grain Compost 5.4 0 0.5 0.05 éiordano, Mortvedt,
1.6 0.5 Mays, 1975, p. 394.
3.2 - 0.6 1973 data used.
6.4 0.8
A Com/Grain 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 SweetCom/ Sludge 6.6 0 0.08 0.064 Keefer et al, 1986.
Grain 0.7 0.16 Blue Plains sludge.
1.4 0.17
A SweetCom/ Sludge 7.1 0 0.08 0.011 Keefer et al, 1986.
Grain 3.1 0.1 Huntington sludge.
6.2 0.15
A SweetCom/ Sludge 6.9 0 0.08 0.071 Keefer et al, 1986.
Grain 0.7 0.11 Martinsburg sludge.
. 1.4 0.18 '
A Sweet Comy/ Sludge 6.3 0 0.08 0.1 Keefer et al, 1986.
Grain 0.4 0.11 Parkersburg sludge.
0.8 0.16
A Sweet Com/ Sludge 6.5 0 0.05 0.026 Hemphill et &l, 1982.
Grain 1.5 0.09 Portland sludge.
A Sweet Corn/ Sludge 6.5 0 0.05 0.333 Hemphill et al, 1982.
- Grain 1.5 0.1 Rockereek sludge.
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. TABLE C-17

UPTAKE OF COPPER BY FORAGE

Chemical Appilication Tissue Uptake

Study . . }
Type - Plant/ Form Soll Rates Concentration Slope Refqrence/
(1) Tissue . Applied pH (kg/ha) (ug/g DW) (2) Comments
A Natural Forage Sludge N.R. 13.2 2.28 0.738. Baxter ot al., 1983
271 125 : Means reported
‘A Com/Leaf - Sludge 6.6 0.000 8.0 0.001 Rappaport, 1987.
152 6.1 1984 data.

304 4.9
A ComlLeaf Sludge 6.6 0 7.80 0.001 Rappaport, 1987.
: 1985 data.

152 7.7

304 82
A Com Sludge 66 O 4.90 0.001 . Rappaport, 1987.
’ 152 563 1984 data.

304 4.5 '

A Com Sludge 6.6 ) 6.60 0.003 Rappaport, 1987.
152 6.9 1985 data.

304 6.7
A Barley © Sludge 6.6 0 10 0.006 - Rappaport, 1987.
: ' - 152 25 ' 1985 data.

304 28
A Orchardgrass  Sludge 6.6-7.2 0 9.58 0.023 Alberici, 1989.

‘ 50 10.72
A Quackgrass Sludge 6.6-7.2 0 596 0.052 ‘Alberici, 1989.
' 50 8.55 - :

A Bird's Foot Siudge - 6672 - 0 10.83 0.019 : Alberici, 1989.

Trefoil ' 50 11.8
A Tali Fescue Sludge 6.6-7.2 0 717 0.021 Alberici, 1989.

o 50 8.22 :

A  ComLeaf Sludge 5365 2 5.4 0.020 " Sheaffer et al, 1979.
. 70 71 - Appkcation rate
132 8 . based on measurad
DTPA sod
values. Ambient
data (1976) used.
A Com Sludge . 5.3-6.5 2 7.3 0.017 Sheaffer et al, 1979.
: 70 76 Application rate
132 ‘ 9.6 ‘ based on measured
) DTPA soi
values. Ambient
data (1976) used.
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UPTAKE OF COPPER BY FORAGE (cont.)

TABLE C-17 (cont.)

Study Chemical Application Tissue - Uptake

Type - Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Clover Sludge 5.36.3 2 7.3 0.051 Sheafver et al, 1979.
70 10.1 Arrowleaf clover.

132 13.9
A Clover Sludge 5.36.3 2 71 0.018 Sheaffer et al, 1979.
70 8.4 Crimson clover.

132 9.4
A ComfLeaf Sludge 7.0-7.1 0 9.50 0.001 Webber et al, 1983,
67 9.5 p. 190-193.
Brantford site.
A Com Sludge 5.8-6.3 0 490 0.05 Woebber et al, 1983,
12 5.5 p. 190-193.
" Buriinglon site.
A Com/Leaf Sludge 6.16.6 0 9.40 0.001 Waebber et al,
83 6.9 1983, p. 190-193.
Galt site.
A Com/ieaf Sludge 5.7-6.1 o] 9. 00 0.07 Woebber et al,
10 9.7 1983, p. 190-193.
Georgetown site.
A Com/Leaf Sludge 6.2-6.3 0 9.70 0.001 Webber et al,
33 9.5 : 1983, p. 190-193.
Guoelph site.
A Com/Leaf Sludge 6.4-6.6 0 7.20 0.001 Webber et al,
59 6 1983, p. 190-193.
Kitchener site.
A ComllLeaf Sludge 6.5 0 8.0 0.001 Waebber et al,
111 7.8 1983, p. 190-193.
Stratford site.
A Sudax Sludge 5.06.0 0 6.10 0.031 Kelfiing et al,
54 7.2 1977, p. 353.
10.8 6.4 Ardington site.

21.5 7.3

43 6.6

86 9.4
A Sudax Sludge 5.3-6.2 0 5.10 0.087 Keliing et al,
- 54 8 1977, p. 353.
10.8 9.5 Jonesville site.

215 115

43 12.3

86 14.1
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TABLE C-7 (cont.)

UPTAKE OF COPPER BY FORAGE (cont.)

Study Chemical Application Tissue - Uptake

Type Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/a) (ug/g DW) (2) Comments
A Com Sludge 5060 O 2.20 0.022 Keling et
' 5.4 21 1977, p. 353.
10.8 22 Buriington site-
21.5 25 4th year.

43 2.8

A 86 4

A Com Sludge 5362 0 2.20 0.012 Kefing ot &l, 1977,
: 5.4 2.1 p. 353.
10.8 2.1 Jonesville-
21.5 2 - 3rd crop.

43 26

86 341
A Ryegrass Liquid sludge 6.5 42 6.40 0.071 Cariton Smith, 1988.
: 120 11.9 - Means of 5 years
used. Sandy loam.
A Ryegrass Bed-dried 6.5 34 6.40 0.040 Car}lon Smith, 1988.
Sludge 257 15.4 Means of 4 years
used. Sandy loam.
A Ryegrass Liquid sludge 6.7 50 8.4 0.037 Cariton Smith, 1988.
i 147 135 Means of 5 years
used. Clay.
A Ryegrass Bed-dried 6.7 50 8.2 0.022 Cariton Smith, 1988.
- Sludge 290 1358 Means of 4 years
used. Clay.
A - Ryegrass Liquid sludge 8.0 33 9.6 0.034 Cariton Smith, 1988.
113 123 Mseans of 5 years
used.
Calcareous loam.
A Ryegrass Bed-dried 8.0 33 9.3 0.021 Carlton Smith, 1938.
Sludge 381 16.7 Maans of 4 years
used.
Calcareous loam.
A Barley/Leaf Sludge 6.264 0 4.23 0.003 Sommers et al, 1991.
' : 135 463 Ohio data used.
B Rape Siudge 5.6 0 25.75 0.001 Narwal et al, 1983.
' 34.35 7.19 1st harvest.

68.7 6.95
- B Rape Sludge 6.0 0 11.27 0.001 Narwal et al, 1983.
’ 34.35 . - 7.02 1st harvest.
68.7 7.54
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TABLE C-17 (cont.)

UPTAKE OF COPPER BY FORAGE (cont.)

Study Chemical Application Tissue Uptake
Type  Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) {ug/g DW) (2) Comments
B Rape Sludge 7.5 0 6.88 0.110 Narwal ot al, 1983,
34.35 7 " " 1stharvest.
68.7 14.47
B Rape Sludge 56 0 19.35 0.001 Narwal et al, 1983
) 34.35 12.36 ‘ 2nd harvest.
68.7 . 87
B Rape Sludge 6.0 0 17.71 0.001 Narwal et al, 1983.
34.35 8.51 2nd harvest.
68.7 9.01
B Rape Sludge *7.5 0 8.37 0.069 Narwal et al, 1983.
34.35, 8.78 " 2nd harvest.
98.7 13.09
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TABLE C-18

UPTAKE OF COPPER BY GARDEN FRUITS

Study Chemical Application Tissue Uptake ‘
Type Plant/ Form Soll Rates Concentration Slope Reference/
(U Tissue Applied pH (kg/ha) (ug/g DW) (2) : Comments
A Tomato/Fruit.  Sludge 5.9-7.1 0 9.3 0.056 Keefer et al, 1986.
17 11.6 : " Blue Plains sludge.
) 34 11.2 Early fruiting.
A Tomato/Fruit Sludge 5.9-7.1 0 8.6 0.038 Keefer et al, 1986.
: 17 . . 127 Blue Flains sludge.
34 - 99 Late fruiting.
A Tomato/Fruit Sludge - 5.9-7.1 0 9.3 - 0.007 Keefer et al, 1986.
342 118 Huntington sludge.
684 14.3 . Early fruiting.
A Tomato/Fruit Sludge v 5.9-7.1 0 8.6 0.003 Keefer et al, 1986.
342 9.7 Huntington sludge.
684 10.6 : Late fruiting.
A Tomato/Fruit Sludge 5.9-71 i 9.3 0.042 Keefer et al, 1986.
.- 24 10 Martinsburg sludge.
48 11.3 o Early fruiting:-
A Tomato/Fruit  -Sludge 5.9-7.1 0 8.8 0.054 Keefer et al, 1986.
‘ . 24 114 Martinsburg sludge.
48 : 11.2 Late fruiting.
A Celery Sludge 7.3 0 43 0.001 Peterson et al, 1989.
11.05 6.1
221 5
442 46
A  Tomato/Fruit Sludge 73 . 0 16.2 0.001 Peterson et al, 1989.
. 11.05 18.6
22.1 15.7
44.2 15.9
A Tomato/Frut ~ Sludge 59714 0 93 0.0145 = Keefer et al, 1986.
‘ : 11 129 " Parkersburg sludge.
. 22 12,5 v Early fruiting.
A Tomato/Frut  Sludge 5.9-7.1 0 8.6 0.068 Keefer et al, 1986.
) 11 11.9 Parkersburg sludge.
22 10.1 Late fruiting.
A Tomato/Fruit  Sludge N.R. 0 S 17 '0.036 Lue-Hing et al, 1984.
: 26 17 - 1977 data used.
52 - 19 : Nu-Earth.
103 26 )
129 18
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TABLE C-18 (cont.)

UPTAKE OF COPPER BY GARDEN FRUITS (cont.)

C-35

Study Chemlcal Application Tissue Uptake .
| Type Plant/ Form Soll Rates Concentration Slope ‘Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
B Green Pepper/ Sludge 6.4 0 5.8 0.021 Furr et al, 1981.
Fruit 249 11 . Acid soil, 2nd year.
B Green Pepper/ Sludge 6.4 0 71 0.01 Furr et al, 1981.
Fruit 249 9.6 Neutral soil, 2nd year.
B PealGrain Sludge 6.4 0 46 0.014 Furr et al, 1981.
249 8.2 Acid soil, 2nd year.
B Pea/Grain Sludge 6.4 0 6.1 0.012 Furr et al,-1981.
249 9.1 Neutral soil, 2nd year.




TABLE C-19

UPTAKE OF COPPER BY GRAINS/CEREALS

Tissue

Study Chemical Application Uptake ‘
Type - Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
~ A Com/Grain Sludge 6.6 0 45 0.001 ‘Rappaport, 1987.
152 3.8 1984 data.
304 3.9
A Com/Grain Sludge 6.6 0 22 0.004 Rappaport, 1987.
152 29 ‘ 1985 data.
304 23
A Corn/Grain Siudge 5.3-6.5 2 1.1 0.004 Sheaffer et al, 1979.
70 1.7 Application rate based
132 16 on measured DTPA
‘soil values. Ambient
temp. data (1976) used.
.A  Oats/Grain Sfudge 5.3-6.3 2 15 0.008 Sheaffer et al, 1979.
79 26
132 25
A Rye/Grain Sludge 5.3-6.3 -2 4.5 0.017 Sheaffer et al, 1979.
70 6.6
132 6.7
A  Wheat/Grainn  Sludge 5.36.3 2 2.1 0.012 Sheaffer et al, 1979.
70 3.2 ‘
132 37
A Wheat/Grain Sludge " N.R.(3) 0 3.5 0.007 - Sabey and Hart, 1975,
90 4.46 p. 255.
360 5.96
A RyelGrain Sludge 5060 - O - 3.8 0.08 Kelling. et al, 1977,
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 5362 0 56 0.042 Kellirig et al, 1977,
5.4 53 p. 353.
10.8 55 Jonesville site.
215 57
43 7
86 8.9
A Com/Grain ' Sludge 5.0-6.0 0 1.4 0.001 Kelling et al, 1977,
54 1.4 p. 353

Burlington site-4th year.




TABLE C-19 (cont.)

UPTAKE OF COPPER BY GRAINS/CEREALS (cont.)

IStudy Chemilcal Application Tissue  Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
A Wheat/Grain Liquid sludge 6.5 42 5 0.026 Cariton Smith, 1988.
120 7 Means of 5 years used.
Sandy loam.
A Wheat/Grain Bed-dried 6.5 34 5 0.013 Cariton Smith, 1988.
Sludge " 257 8 Means of 4 years used.
Sandy loam.
A Wheat/Grain Liquid sludge 6.7 50 6 0.010 Cariton Smith, 1988.
147 7 Means of 5 years used.
Clay.
A Wheat/Grain Bed-dried 6.7 50 6 0.008 Cariton Smith, 1988,
Sludge 290 8 Means of 4 years used,
Clay.
A Wheat/Grain Liquid sludge 8.0 33 5 0.013 Cariton Smith, 1988,
113 6 Means of § years used.
Calcareous loam.
A  Wheat/Grain Bed-dried 8.0 33 5 0.006 Cariton Smith, 1988.
Sludge 381 7 Means of 4 years used.
Calcareous loam.
A Barley/Grain Sludge 6.26.4 0 3.49 0.001 Sommers et al, 1991.
135 3.55 Ohio data used.
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TABLE C-20

UPTAKE OF COPPER BY LEAFY VEGETABLES

Tissue

C-38

tudy ‘Chemical Application Uptake
Type . Plan¥/ Form Soll Rates Concentration Slope _Reference/
(1) - Tissue Applied " pH (kg/ha) (ug/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 Lettucé Heat-Treated 6.2 0 7.5 0.033 Chaney et al., 1982
: Siudge 80 10.5 Romaine Leftfuce
A Lettuce Nu-Earth 5.3-5.6 0 7.7 0.026 Chaney et al., 1982
' ' 116 10.7 Romaine Lettuce
. A Lettuce Nu-Earth 6.2-6.6 0 75 0.01 Chaney et al., 1982
‘ 116 8.7 Romaine Lettuce
A  Swiss Chard Heat-Treated 57 (! 16.3 0.121 Chaney et al., 1982
Sludge 90 212 '
A  Swiss Chard Heat-Treated 6.7-6.8 0 10.8. 0.062 Chaney et al., 1982
Sludge 90 16.4
A Swiss Chard Nu-Earth 5.7-6.3 0 ' 10.3 0.047 Chaney et al., 1982
’ : 116 15.8 ‘
A Swiss Chard Nu-Earth 6.7 0 10.8 0.027 Chaney et al., 1962
116 13.9
A Collard Greens Heat-Treated 5.5-5.6 0 55 0.022 Chaney et al., 1982
Sludge 80 7.5 :
A Collard Greens Heat-Treated 6.3-6.4 0 45 0.027 Chaney et al., 1982
Siudge 90 6.9
A Collard Gr-eens Nu-Earth §56.3 0 5.5 0.008 Chaney et al., 1982
: 116 6.4
A Collard Greens Nu-Earth 6.4-6.8 0 45 0.012 Chaney et al., 1982
: © 116 5.9
A Cabbage Sludge 5.9-7.1 0 3.1 0.006 Keefer et al, 19€6.
17 34 Blue Plains sludge.
34 3.3 :
A Cabbage Sludge 5.9-7.1 0 3.1 0.002 Keefer et al, 1986.
: 342 4.1 ’ Huntington sludge.
684 4.4
A Cabbage Sludge 5.9-7.1 0 3.1 0.006 Keefer et al, 1986.
. 24 3.7 Martinsburg sludge.
48 34




UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.)

TABLE C-20 (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/a) (ug/g DW) (2) - Comments
A Cabbage Sludge 5.9-7.1 0 3.1 0.027 Keefer et al, 1986.
. 11 34 Parkersburg sludge.
22 37
A Cabbage Sludge 7.3 0] 29 0.001 Peterson et al, 1989.
11.05 3.4
22.1 3.1
44.2 .31
A Lettuce Sludge 7.3 0 18.8 0.001 Peterson et al, 1989.
11.05 16.4
221 16.1
44.2 15.7
A Lettuce Liquid sludge 6.5 42 11 0.064 Cariton Smith, 1988.
120 16 Means of 5 years used.
. Sandy loam.
A Lettuce Bed-dried 6.5 34 8 0.049 Cariton Smith, 1988.
Sludge 257 19 Means of 4 years used.
Sandy loam.
A Lettuce Liquid sludge 6.7. 50 18 0.001 Cariton Smith, 1988.
147 18 Means of 5 years used.
Clay.
A Letiuce . Bed-dried 6.7 50 17 0.001 Cariton Smith, 1988.
Sludge 290 16 Means of 4 years used.
Clay.
A Lettuce Liquid sludge 8.0 33 13 0.013 Carlton Smith, 1988.
113 14 Means of 5 years used.
° Calcareous loam.
A Lettuce Bed-dried 8.0 33 13 0.009 Cariton Smith, 1988.
Sludge 381 16 Means of 4 years used.
Calcareous loam.,
A Cabbage Liquid sludge 6.5 42 37 0.015 Cariton Smith, 1988.
120 4.9 Means of 5 years used.
Sandy loam.
A Cabbage Bed-dried 6.5 34 3.8 - 0.008 Cariton Smith, 1988.
Sludge 257 56 Means of 4 years used.,
Sandy loam.
A Cabbage Liquid sludge 6.7 50 3.3 v 0.015 Cariton Smith, 1988.
147 4.8 Means of 5 years used.
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TABLE C-20 (cont.) .

UPTAKE OF COPPER BY LEAFY VEGETABLES - {(cont.)

© |Study , Chemical Application Tissue Uptake _
Type Plant/ Form Soll Rates Concentration Slope " Reference/|
{1) Tissue Applied - pH " (kg/ha) {ug/g DW) (2) Comments
A Cabbage - Bed-dried" 6.7 - 50 3.2 0.006 = Cariton Smith, 1988.
Sludge 290 46 Means of 4 years used.
: ‘ Clay.
A Cabbage Liquid sludge 8.0 33 2.8 0.023 Cartfon Smith, 1988.
- 113 . 3.8 : Means of 5 years used.
Calcareous loam.
A Cabbage Bed-dried 8.0 33 28 0.009 Cariton Smith, 1988.
Sludge 381 - 5.8 Means of 4 years used.-
Calcareous loam.
A Spinach Sludge N.R. 0 13 0.029 Lue-Hing etal 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 al, 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 al, 1988. -
19.8 26.3 Akaka Andept soil.
396 18.5 : v
79.2 16.3
B Lettuce Sludge 8.2-84 0 21 0.197 Hue et al, 1988.
. 19.8 24 Lualualei Vertical soil.
39.6 31.8
79.2 36
B lLettuce " Sludge _ 5.4-8.1 0 26.5 ‘ 0.001 Hue et al,.1988.
‘ ‘ 19.8 27.2 Wahiawa Oxisol scil.
39.6 24.8 ’
79.2 21.3
B Lettuce ' Sludge 6.4 0 6.7 0.008 Furr et al, 1981.
249 8.7 Acid soil, 2nd year.




UPTAKE OF COPPER BY LEAFY VEGETABLES (cont.)

TABLE C-20 (cont.)

Study Chemlcal Application Tissue Uptake -
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/a) (ng/g DW) (2) Comments ‘

B Spinach Sludge 6.4 0 4.2 0.031 Furr et al, 1981.

249 12 Acid soil, 2nd year.

B Lettuce Sludge 6.4 0 6.5 .0.011 . Furretal, 1981.

249 9.3 Neutral soil, 2nd year.

B Spinach Sludge 6.4 0 53 0.023 Furr et al, 1981.
249 . 11.1

- Neutral soil, 2nd year.




TABLE . C - 21

UPTAKE OF COPPER BY LEGUMES

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope ~ Reference/
(1) . Tissue Applied pH " (kg/ha) (ug/g DW) (2) Comments
A Green Bean/ Sludge 5.9-7.1 0 105 0.001 Keefer et al, 1986.
Grain . 17 9.8 Blue Plains sludge.
34 9.5
A Green Bean/ Sludge . 5.9-7.1 0 -10.5 0.001 Keefer et al, 1986.
Grain 342 10 Huntington sludge.
: _ ‘ 684 10.9 '
A Green Bean/ Sludge ) 5971 0 10.5 0.001 Keefer et al, 1986.
Grain ' 24 104 Martinsburg sludge.
48 103 -
A Green Bean/ Sludge 5971 0 105 0.001 Keefer et al, 1986.
Grain 11 113 Parkersburg sludge.
‘ 22 10.4
A Snap Bean/ Sludge 5.36.5 0 2.9 0.009 Dowdy et al, 1978,
Grain ‘ 130 8 " p. 255.
; ‘ 269 8.3 3rd year data used.
520 8.5
A SnapBean/ Sludge 5.36.5 0 4.1 0.013 Latterell et al, 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 et al, 1989.
Grain - 11.05 99
221 15.1
44.2 24.5
A GreenBean/  Sludge N.R. 0 10 © 0.001 Lue-Hing et al, 1984.
Pod & Seed 26 10 . 1977 data used.
52 10 ’ Nu-Earth.
103 9 :
129 9.
A Soybean/ Limed digested 7.3-7.5 14 148 0.001 Chaney et al, 1977.
Grain sludge 21 13.8 For control, used
26 134 ’ calcerous soil
38 127 data. Chaney's
56 126 - values are
74 135 means of 3 reps.
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TABLE C-21 (cont.)

UPTAKE OF COPPER BY LEGUMES (cont.)

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) {ug/g DW) (2) Comments
A Soybean/ Limed raw 7.3-7.7 14 14.8 0.001 Chaney et al, 1977.
Grain sludge 25 14.3 For control, used
25 14.1 calcerous soil
47 13.2 data. Chaney's
values are
means of 3 reps.
A Soybean/ Raw sludge 6.6-7.3 14 14.8 0.001 Chaney et al, 1977.
Grain compost 23 13.2 For control, used
33 12.7 calcerous soil
38 13 data. Chaney's
97 13.5 values are
172 133 means of 3 reps.
A Soybean/ Heat treated 5.9-6.0 12 14.5 0.001 Chaney et al, 1977.
Grain sludge 37 143 Chaney's values are
High pH 40 14.1 ) means of 3 reps.
78 13.7
A Soybean/ Heat treated 5.3-56 13 13.7 0.001 Chaney et al, 1977.
Grain sludge 34 13.2 Chaney's values are
Low pH 46 124 means of 3 reps.
87 11




TABLE C-22

UPTAKE OF COPPER BY POTATOES

Study Chemical Application Tissue Uptake :

Type . Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Potato/Tuber Liquid sludge 6.5 42 0.15 0.001 Carfton Smith, 1988.

120 0.18 Means of 5 years used.

Sandy loam.

A Potato/Tuber Bed-dried 6.5 34 0.16 0.001 Cariton Smith, 1988.
- Sludge 257 | 02 - Means of 4 years used.

Sandy loam.

A Potato/Tuber Liquid sludge 6.7 50 0.52 0.001 Carlton Smith, 1988.
147 0.61 Means of 5 years used.
Clay. .

A  Potato/Tuber Bed-dried 6.7 50 0.53 0.001 Cariton Smith, 1988.
Sludge 290 0.41 Means of 4 years used.

Clay.

A Potato/Tuber Liquid sludge 8.0 33 0.05 0.001 Cariton Smith, 1988.
: : 113 0.116 Means of 5 years used.
Calcareous loam.

A Potato/Tuber  Bed-dried 8.0 33 0.06 0.001 _Cariton Smith, 1988.
’ Sludge 381 0.15 . Means of 4 years used.
Calcareous loam.

B Sweet Potato/ Sludge 6.4 o] 3.4 0.007 Furr et al, 1981.
Tuber 249 52 Acid soil, 2nd year.

B SweetPotato/  Sludge 6.9 0 46 0.005 Furr et al, 1981.
Tuber 249 5.9 Neutral soil, 2nd year.

C Potato/Tuber Organic, metal 6.6 1504 7.71 0.005 Harris et al, 1978.
contaminated soil Vanessa-potato type.

C Potato/Tuber Organic, metal 6.6 1504 0.55 0.006 Harris et al, 1978.

‘ contaminated soil | Pentland Javelin-

potato type.

C Potato/Tuber Organic, metal 6.6 1504 8.55 0.006 Harris et al, 1978.
contaminated soil ' Home Guard-

potato fype.

C Potato/Tuber  Organic, metal 66 1504 8.33 0.006 Harris et al, 1978.
contaminated soil Desiree-potato type.

C Potato/Tuber Organic, metal 6.6 1504 6.76 0.004 Harris et al, 1978.
. i contaminated soil King Edward-

potato type.

Cc. Potato/Tuber Organic, metal 6.6 1504 9.03 0.006 Harris et al, 1978.
contaminated soil Majestic-potato type.




TABLE C-23

UPTAKE OF COPPER BY ROOTS

iStudy Chemilcal Application Tissue Uptake .
Type Plant/ Form Soil Rates Concentration Slope Reference/
{1) Tissue Applled pH (kg/ha) {ug/g DW) {2) Comments
A Radish/Tuber  Sludge §.8-7.1 0 3.9 0.015 Keefer et al, 1986.
17 4.7 Bilue Plains sludge.
34 4.4 ‘

A Camot/Tuber Sludge 5.9-7.1 0 7.5 0.001 Keeofer et al, 1986.
17 6.5 Blue Plains sludge.

34 7.1
A Radish/Tuber  Sludge 5.9-7.1 o 39 0.004 Keefer et al, 1986.
342 5.4 Huntington sludge.

684 6.4
A CamrotTuber  Sludge 5.9-7.1 0 75 0.007 Keeofer et al, 1986.
342 7.5 Huntington sludge.

684 125
A Radish/Tuber  Sludge 5.9-7.1 0 3.9 0.013 Keefer et al, 1986.
24 4.1 Martinsburg sludge.

48 45
A Carot/Tuber Sludge 5.9-7.1 0 7.5 0.006 Keefer et al, 1986.
24 7.8 Martinsburg sludge.

48 7.8
A Radish/Tuber  Sludge 5.9-7.1 o] 3.9 0.001 Keefer et al, 1986.
1 24 Parkersburg sludge.

22 26
A Carrot/Tuber Sludge 5.9-7.1 0 7.5 0.001 Keefer et al, 1986.
11 7 Parkersburg sludge.

22 6.2
A Onion/Bulb Sludge 7.3 0 6.2 - 0.001 Peterson et al, 1989.

11.05 5.6

22.1 6.1

44.2 4.6
A RedBeet/ Liquid sludge 6.5 42 7.4 0.013 Cariton Smith, 1988.
Tuber 120 8.4 Means of 5 years used.
Sandy loam.
A RedBeet/ Bed-dried 6.5 34 7.2 0.008 Cariton Smith, 1988.
Tuber Sludge 257 8.9 Means of 4 years used.
Sandy loam.
A RedBeet/ Liquid sludge 6.7 50 8.8 0.001 Cartton Smith, 1988.
Tuber 147 8.9 Moeans of 5 years used.
Clay.




TABLE C-23 (cont.)

UPTAKE OF COPPER BY ROOTS (cont.)

Study Chemical , Appllcaﬂon Tissue Uptake

Type Plant/ Form "~ Soll Rates Concentration Slope Reference/| -
1) Tissue "~ Applied pH {kg/ha) (ug/g DW) {2) . Comments
A RedBeet Bed-dried 6.7 50 - 86 0.001 Cariton Smith, 1988.
Tuber Sludge 290 - 8.8 - Means of 4 years used.
’ i Clay.
A Red Beet/ Liquid sludge 8.0 33 . 7.6 0.013 Cariton Smith, 1988.
Tuber 113 8.6 Means of 5 years used.
‘ ‘ Calcareous loam.
A RedBeet Bed-dried 8.0 33 71 0.007 - Cariton Smith, 1988.
Tuber Sludge 381 .. 94 ) Means of 4 years used.
o Calcareous loam.
B Kohirabi/ Sludge 6.4 0 13 0.012 Furr et al, 1981.
Tuber - 249 43 Neutral soil, 2nd year.
B Tumip/ Sludge 6.9 0o . - 1.8 0.024 Furr et al, 1981.
Tuber : 249 7.8 Neutral soil, 2nd year.




~

UPTAKE OF COPPER BY SWEET CORN

TABLE C-24

Uptake

Study Chemical Application Tissue o
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kgha) (uglg DM (2) Comments |
A Sweet Com/ Sludge 5.9-7.1 0 29 0.001 Keefer et al, 1986.
Grain 17 3.1 . Blue Plains sludge.
34 . 26
A Sweet Comv/ Sludge 5.9-7.1 0 29 . 0.001 - Keefer et al, 1986.
Grain 342 27 Huntington sludge.
684 29
A Sweet Com/ Sludge 5.9-7.1 0 2.9 0.002 Keefer et al, 1966.
Grain 24 31 Martinsburg sludge.
48 3
A SweetCorv/ Sludge 5.9-7.1 0 24 0.005 Keefer et al, 1986.
Grain 11 3 Parkersburg sludge.
22 3




TABLE C-25

UPTAKE OF LEAD BY FORAGE

Study Chemical Application Tissue Uptake
Type Plant/ Form . Solt Rates Concentration Slope Reference/| .
1) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
A Natural Forage Sludge N.R. 17.531 23 0.001 Baxter et al., 1983
31.8 0.75
A Ryegrass Liquid Sludge 6.5 56.8 20 0.003 Cariton Smith, 1988.
132.8 22 ‘ Means of
5 years used.
Sandy loam.
A Ryegrass Bed-dried 6.5 56.6 17 0.002 Cariton Smith, 1988.
Sludge 218.6 2 Means of
4 years used.
Sandy loam.
A Ryegrass Liquid Sludge 6.7 63.0 19 0.001 - Carlton Smith, 1988.
154.4 2 Means of
5 years used.
* Clay.
A Ryegrass Bed-dried 6.7 62.4 22 0.003 Cariton Smith, 1988.
Sludge 2254 27 Means of
' 4 years used.
Clay.
A Ryegrass Liquid Sludge 8.0 111.2 35 0.002 Cariton Smith, 1988.
159.6 3.6 Means of
5 years used.
, Calcareous loam.
A Ryegrass Bed-dried 8.0 110.6 33 0.002 Cariton 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 25
A Com Siudge 5.3 0.0 35 0.001 Dowdy & Larson, 1975.
58 5 :
116 5
232 4
A ReedCanary  Liquid 6.2-7.4 0 0.9 0.073 Duncomb et al., 1982.
Grass sludge 22 25




UPTAKE OF LEAD BY GARDEN FRUITS

-

TABLE C-26

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applled pH {kg/ha) (ug/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 o] <0.4 0.001 Dowdy & Larson, 1975.
58 <0.4 ,
116 <0.4
232 <0.4
A Com/Grain Sludge 5.3 0 <0.2 0.001 Dowdy & Laréon, 1975.
58 <0.2
116 <0.2
232 <0.2
A PeaPod Sludge 53 Q 04 0.001 Dowdy & Larson, 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 al., 1986.
25 0.68 Blue Plains sludge.
50 0.82 Early fruiting.
A Tomato/Fruit Sludge 5.9-6.6 0 0.93 0.001 Keefer et al., 1986.
25 0.4 Blue Plains sludge.
) 50 0.62 Late fruiting.
A Tomato/Fruit Sludge 5.9-7.1 0 0.76 0.007 Keefer et al., 1986.
33 0.62 Huntington sludge.
66 1.24 Early fruiting.
A Tomato/Fruit Sludge 5.9-71 0 0.93 0.011 Keefer et al., 1986.
33 1.58 Huntington sludge. .
66 1.64 Late fruiting.
A TomatofFruit Sludge 5.9-6.3 0 0.76 0.002 Keefer et al., 1986.
32 0.56 Martinsburg sludge.
64 0.82 Early fruiting.
A Tomato/Fruit Sludge 5.9-6.3 0 0.83 0.001 Keefer et al., 1986.
32 0.96 Martinsburg sludge.
64 0.46 Late fruiting.
A  Tomato/Fruit  Sludge 5.9-6.6 0 0.76 0.001 Keefer et al., 1986.
55 0.82 Parkersburg sludge.
110 0.7 Early fruiting.




TABLE C-26 (cont.)

UPTAKE OF LEAD BY GARDEN FRUITS (cont.)

Study Chemical Application Tissue Uptake
Type - Plant/ Form Soll Rates Concentration Siope Reference/
) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
A Tomato/Fruit Sludge 5.966 0 0.93 0.003 Keefer et al., 1986.
v 55 1.42 ' Parkersburg sludge.
1.24 Late fruiting.

110
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UPTAKE OF LEAD BY GRAINS/CEREALS

TABLE C-27

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Wheat/Grain Liquid Sludge 6.5 §6.8 0.80 0.001 Cariton Smith, 1988.
132.8 0.8 Means of 5 years used.
Sandy loam.
A Wheat/Grain Bed-dried 6.5 56.6 0.80 0.001 Cariton Smith, 1988.
Sludge 218.6 0.8 Means of 4 years used.
Sandy loam.
A  Wheat/Grain Liquid Sludge 6.7 63.0 0.80 0.001 Cariton Smith, 1988.
154.4 0.8 Means of 5 years used.
Clay.
A  Wheat/Grain Bed-dried 6.7 62.4 0.90 0.001 ° Cariton Smith, 1988.
Sludge 225.4 1 Means of 4 years used.
Clay.
A Wheat/Grain Liquid Sludge 8.0 112 0.80 0.001 Cariton Smith, 1988.
: 159.6 0.8 Means of 5 years used.
Calcareous loam.
A  Wheat/Grain Bed-dried 8.0 110.6 0.90 0.001 Cariton Smith, 1988.
Sludge 331 1 Means of 4 years 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 Com/Grain Sludge 5.3 0.0 <0.2 0.001 Dowdy & Larson, 1975.
58 <0.2
116 <0.2
232 <0.2
A Oalt/Grain Limed digested 7375 20.0 0.38 0.004 Chaney et al, 1977.
sludge 29 027 For control, used
33 0.36 calcareous soil data.
42.6 0.97 Chaney'’s values
59.8 0.51 are means of 3 reps.
734 0.54
A Oat/Grain Limed raw 7.3-7.7 20.2 0.38 0.002 Chaney et al, 1977.
sludge 276 0.4 For control, used
31.8 0.36 calcareous soil data.
51.8 0.44 . Chaney's values
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are means of 3 reps.




' TABLE C-27 (cont.)

UPTAKE OF LEAD BY GRAINS/CEREALS (cont)

Study Chemical Application Tissue Uptake ‘ )

Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) {2) Comments
A Oat/Grain Raw sludge 6.6-7.3 20.2 0.38 0.001 Chaney et al, 1977.
compost 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 of 3 reps.
186.6 0.51 ‘
A 0Oat/Grain Heat treated 5.9-6.0 21.4 0.57 0.001 Chaney et &al, 1977.
sludge 47 0.36 Chaney's values
High pH 48.8 0.03 are means of 3 reps.

88.8 0.03
A Oalt/Grain Heat freated 5.3-5.6 21.4 0.38 0.004 Chaney et al, 1977.
sludge 43.8 0.36 ’ Chaney's values
Low pH 52.8 04 are means of 3 reps.

. 92.8 0.67
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TABLE C-28

UPTAKE OF LEAD BY LEAFY VEGETABLES

Uptake

Study Chemical Application Tissue .
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH {kg/a) (ug/g DW) (2) Comments
A Lettuce Heat-Treated 5.3-54 0 1 0.001 Chaney et al., 1982
Sludge 81 1 : Romaine Lettuce
A Lettuce Heat-Treated 6.2 0 141 0.001 Chaney et al., 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 (4] 1.1 0.001 Chaney et al., 1982
87 0.6 Romaine Lettuce
A Swiss Chard Heat-Treated 57 0 ' 34 0.001 Chaney et al,, 1982
Sludge 81 2.1
A  Swiss Chard Heat-Treated 6.7-6.8 0 27 0.001 Chanay et al,, 1982
Sludge 81 1.5
A SwissChard  Nu-Earth 5.7 0 3.4 0.001 * Chaneyetal, 1982
87 1.2 :
A Swiss Chard Nu-Earth 6.7-6.8 0 27 0.001 Chaney et al.,, 1982
87 1.5
A Collard Heat-Treated 5.5-5.6 0 24 0.001‘ Chaney et &l,, 1982
Greens Sludge 81 1.9
A Collard Heat-Treated 6.4-6.3 0 19 0.007 Chaney et al., 1982
Greens Sludge 81 25
A Coliard Nu-Earth 5.56.3 4] 24 0.001 Chaney et al,, 1982
Greens 87 2.2
A Collard Nu-Earth 6.4-6.8 0 1.9 0.001 Chaney et al., 1982
Greens 87 4.9
A Letiuce Liquid Sludge 6.5 56.8 1.3 0.004 Cartton Smith, 1988.
132.8 1.6 Means of 5 years used.
Sandy loam.
A Letluce Bed-dried 6.5 56.6 0.9 0.001 Caritors Smith, 1988.
Sludge 2186 0.9 Means of 4 years used.
Sandy loam.
A Lettuce Liquid Sludge 6.7 63 2.28 0.001 Cariton Smith, 1988,
154.4 2.34 : Means of 5 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 - Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/a) (ug/g DW) (2) ~Comments
A Lettuce Bed-dried 6.7 62.4 1.7 0.006 * . Carlton Smith, 1988.
‘ Sludge . 2254 ‘ 27 . Maeans of 4 years used.
' ‘ ‘ Clay.
A Lettﬁce Liquid Sludge 8.0 111.2 3.9 0.001 Cariton Smith, 1988.
159.6 3.5 - Means of § years used.
Calcareous loam.
A Lettuce - Bed-dried 8.0 1106~ 34 0.001 Cariton Smith, 1988.
Siudge 331 34 ’ Means of 4 years used.
Calcareous loam.
A Cabbage Liquid Sludge 6.5 56.8 0.7 0.003 Cariton Smith, 1988.
‘ 1328 0.9 Means of 5 years used.
. - Sandy loam.
A Cabbage Bed-dried . 6.5 56.6 0.8 0.001 " Carfton Smith, 1988,
Sludge 21886 0.8 Mears of 4 years used.
: Sandy loam.
A Cabbage Liquid Sludge 6.7 63 0.7 0.001 Cariton Srntth 1988.
154.4 0.7 Means of § years used.
Clay.
A Cabbage Bed-dried 6.7 62.4 0.8 0.001 Cartton Smith, 1988.
Sludge 2254 0.8 Means of 4 years used.
Clay.
A Cabbage Liquid Sludge 8.0 1112 1.0 0.002 Cariton Smith, 1988.
© 159.6 1.1 Means of 5 years used.
Calcareous loam.
A Cabbage Bed-dried 8.0 1106 1.0 0.001 Cartton Smith, 1988.
Sludge ‘ 331 1.1 ) Means of 4 years used.
Calcareous loam.
A Lettuce Sludge 53 0 1.1 0.001 Dowdy & Larson,
58 14 . : ' 1975.
116 0.7
232 0.8
A Tumip Greens  Sludge 5.2-5.8 0 7.8 0.039 Miller & Boswel,
57 10.5 1979.
114 123
A Cabbage Sludge 5956 0 0.58 0.001 ' Keefor et al,, 1986.
25 0.38 " Blue Plains sludge.
50 . 0.52 ’
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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 (kg/ha) {ug/g DW) (2) Comments
A Cabbage Sludge 5.9-7.1 0 0.58 0.001 Koefor ot al,, 1986.
33 0.74 Huntington sludge.
66 0.52
A Cabbage Sludge 5.9-6.3 0 0.58 0.004 Keeofor ot al., 1986.
32 0.8 Martinsburg sludge.
64 0.84 :
A Cabbage Sludge 5.9-6.6 0 ' 0.58 0.003 Keefer et al,, 1986.
. 55 0.72 Parkersburg sludge.
110 0.88 :

C-55




TABLE C-29

UPTAKE OF LEAD BY LEGUMES

Study Chemical Application Tissue Uptake
Type . Plant/ Form Soll Rates Concentration  Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Bush Bear/ Siudge 5.3-5.6 0 1.4 0.001 Giordano et al., 1975.
Pod 156 14
: 312 1.2
624 1.2
A  Green Bean/ Sludge 5.9-6.6 (o 0.83 0.001 Keefer et al., 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 Keefer et al., 1986.
Pod & Seed - 32 0.86 Martinsburg sludge.
6:5 0.8
A  Green Bean/ Sludge 5.96.6 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 Chaney et al, 1977.
Grain sludge 29.8 0.99 For control, used
53 0.73 ' used calcareous soil
426 0.29 . data. Chaney's values
59.8 0.58 are means of 3 reps.
73.4 0.73 ‘
A Soybean/ Limed raw 7.3-7.7 20.2 0.35 0.001 Chaney et al, 1977.
Grain . sludge 276 0.62 For control, used
: 31.8 0.57 ) used calcareous soil
51.8 0.4 data. Chaney's values
are means of 3 reps.
A Soybean/ Raw sludge 6.6-7.3 20.2 0.35 0.001 Chaney et al, 1977.
Grain compost : 33 0.5¢ For control, used
43.8 0.38 used calcareous soil
63 0.46 data. Chaney's values
112.2 0.57 are means of 3 reps.
186.6 0.23
A Soybean/ Heat treated 5.9-6.0 21.4 0.25 0.001 Chaney et al, 1977. =
Grain sludge 4 0.62 Chaney's values are
High pH ‘ 48.8 0.29 : means of 3 reps.
88.8 0.27
A Soybean/ Heat treated £3-56 21.4 0.75 0.001 Chaney et al, 1977.
Grain sludge 43.8 0.38 Chaney's values are
Low pH 52.8 0.25 means of 3 reps.
: 92.8 0.38
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TABLE C-30

UPTAKE OF LEAD BY POTATOES

Study Chemical Application __ Tissue _ Uptake
Type Plant/ Form Soll Rates Concentration Slope Roference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Potato/Tuber  Sludge 53 0 <0.4 0.001 Dowdy & Larson,
58 <0.4 . 1975
116 <0.4
232 0.7
C Potato/Tuber Organic-metal 6.6 1742 0.41 0.001 Harris et all, 1978.
contaminated Vanessa-potato type.
soil
C Potato/Tuber Organic-metal 6.6 1742 0.55 0.001 | Harris et all, 1978.
contaminated Pentland Javelin-
soil potato K20
C Potato/Tuber Organic-metal 6.6 1742 0.26 0.001 Harmis et all, 1978.
contaminated Home Guard-
soil * potato type.
C Potato/Tuber  Organic-metal 6.6 1742 1.04 0.001 Harris et all, 1978.
contaminated Desiree-potato type.
soil
C Potato/Tuber Organic-metal 6.6 1742 0.66 0.001 Harris et all, 1978.
- contaminated : King Edward-
soil potato type.
C Potato/Tuber Organic-metal 6.6 1742 0.29 0.001 Harris et all, 1978.

contaminated
soil
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TABLE C-31

UPTAKE OF LEAD BY ROOTS

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/a) v {ug/g DW) (2) Comments
A RedBeet ° Liquid Sudge 65 568 0.7 0.003  Cariton Smith, 1988.
Tuber . : " 132.8 0.9 Means of 5 years used.
Sandy loam.
A Red Beet/ Bed-dried ‘ 6.5 56.6 0.8 -0.001 Cariton Smith, 1988.
Tuber Sludge ' . 2186 ) - 0.9 Means of 4 years used.
: ‘ Sandy loam.
A RedBeet/ Liquid Sludge 6.7 63 - 07 0.001 Cad_tbn ‘Smith, 1988.
Tuber . 154.4 0.8 Means of 5 years used.
‘ Clay.
A RedBeet/ Bed-dried 6.7 62.4 0.8 0.001 Carfton Smith, 1988.
Tuber . Sludge - 2254 0.8 Means of 4 years used.
) ' Clay.
A RedBeet/ Liquid Sludge 8.0 111.2 11 0.001 Carlton Smith, 1988.
Tuber 159.6 1.1 Means of 5 years used.
Calcareous loam.
A RedBeet/ " Bed-dried 8.0 1106 1.1 1 0.001 Cariton Smith, 1988.
Tuber Sludge 331 1.1 Means of 4 years used.
Calcareous loam.
A Carrot/ Sludge 5.3 0 <04 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/ : éludge 5.9-6.6 0 1.78 - 0.009 Keefer et &l., 1986.
Tuber 25 0.6 Blue Plains sludge.
. 50 224 '
A Radish/ © Sludge 5.9-7.1 0 0.7 0.002 - Keefer et al., 1986.
Tuber ’ 33 ~ 0.58 Huntington sludge.
66 0.86
A Carmrrot/ "'Sludge 5.9-7.1 0 1.78 0.001 Keefer et al., 1986.
Tuber ) 33 1.24 Huntington sludge.
66 1 -
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UPTAKE OF LEAD BY ROOTS (cont.)

TABLE C-31 (cont.)

Study Chemical Application Tissue Uptake i
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/a) {ug/g DW) (2) Comments
A Radish Sludge 5.9-6.3 0 0.7 ' 0.002 Keefer et al., 1986.
32 0.76 Martinsburg sludge.
64 0.82
A Carrot Sludge 5.9-6.3 0 1.78 0.001 _ Keefer et al., 1986.
‘ 32 1.4 ) Martinsburg sludge.
64 1.1
A Radish/ Sludge 5.9-6.6 0 0.7 0.003 Keefer et al., 1986.
Tuber 55 0.92 Parkersburg sludge.
110 0.96
A Carmrolt/ Sludge 5.9-6.6 0 1.78 0.001 Keefer et al., 1986.
Tuber 55 14 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 Soll Rates Concentration Slope ' Refaerence/
1) Tissue Applied pH (kg/ha) {(ug/g DW) (2) Comments
A Sweet Comn/ Sludge 5.9-6.6 0 - <01 0.001 Keefer et al., 1986.
Grain : 25 <0.1 Blue Plains sludge.
50 <0.1.
A Sweet Com/ Sludge 5.9-7.1 0 <0.10 0.001 Keefer et al., 1986.
Grain 33 <0.10 ) Huntington sludge.
: 66 <0.10 .
A  Sweet Com/ Sludge . 5963 0 <0.10 0.001 Keefer et al., 1986.
Grain 32 : <0.10 7 Martinsburg sludge.
64 <0.10
A Sweet Com/ Sludge v 5.9-6.6 0 <0.10 0.001 Keeferetal., 1 986.
Grain ' 55 <0.10 Parkersburg sludge.
110 <0.10 .
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TABLE C-33

UPTAKE OF MERCURY BY GARDEN FRUITS

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates COncentraﬂqn " Slope Reference/|
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A BroccoliFruit  Sludge 6.8 0 0.0031 0."01 8 Cappon, C.T. 1981.
0.7804 0.0169
A Cauliflower Sludge 6.8 0 0.0051 0.007 Cappon, C.T. 1981.
0.7804 0.0109
A Cucumber/ Sludge 6.8 0 0.0012 0.004 Cappon, C.T. 1981.
Fruit 0.7804 0.0046 Slicing cucumber.
A Cucumber/ Sludge 6.8 0 0.0080 0.001 Cappon, C.T. 1981
Fruit 0.7804 0.0047 Pickling cucumber.
A Pumpkin/ Sludge 6.8 .0 0.0007 0.002 Cappon, C.T. 1981
Fruit 0.7804 0.0025
A Tomato/ Sludge 6.8 0 0.0015 0.008 Cappon, C.T. 1981
Fruit *0.7804 0.0075
B Tomato/ Sludge §.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 Soll Rates Concentration Siope Reference/
(1) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
B Millet/Grain Sludge §3-71 - 0 0.4 0.0427 Furr & Kelly
’ ' 1976, p. 87.

2.34 0.5




TABLE C-35

UPTAKE OF MERCURY BY LEAFY VEGETABLES

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH {kg/ha) (ug/g DW) (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 0.0077
A Swiss Chard Sludge 55 0 1 0.001 Furr & Stoewsand,
1.3 0.53 1976, p. 87.
A Swiss Chard Sludge 6.5 0 1 0.001 Furr & Stoewsand,
1.3 0.93 1976, p. 87.
A Swiss Chard Sludge 5.5-6.0 0 0.2 0.001 Chaney et al, 1978.
0.09 0.1 Blue Plains sludge.
A Swiss Chard Sludge 5.56.0 0 0.2 0.001 Chaney et al, 1978.
- 0.336 <0.05 Blue Plains compost.
B Cabbage Sludge 5.3-71 0 0.3 0.001 Furr & Kelly
262 02 1976, p. 87.
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TABLE C-36

UPTAKE OF MERCURY BY LEGUMES

Study Chemical Appiication _ Tissue  Uptake
Type Plant/ , Form . Soll Rates Concentration Slope ’ Reference/| -
1) Tissue Applied pH {kg/ha) {ug/g DW) ‘ (2) - Comments
A BushBear/ - Sludge 68 . 0 © 0.0036 0.001 Cappon, C.T. 1981.
Pod . 0.7804 " 0.0045
A Bush Bean/ Sludge 6.8 0 . 0.0001 0.001 Cappon, C.T. 1981.
Grain © 07804 0.0004 .
B~ Bush Bean/ Sludge 5.3-7.1 ] 0.300 0.001 Furr & Kelly
Grain 2.62 0.100 - 1976,p. 88




TABLE C-37

UPTAKE OF MERCURY BY POTATOES

Study Chemical Application Tissue  Uptake ,
Type Plant/ Form Soll Rates Concentration Sfope Reference/
{1) Tissue Applied pH (kg/a) {ug/g DW) (2) Comments
B Potato/Tuber Sludge 5.3-7.1 0 0.1 0.001 Furr & Kelly
) . 1976, p. 87.

2.34 0.1




TABLE C-38

UPTAKE OF MERCURY BY ROOTS

Study . Chemical Application Tissue -Uptake :
Type - Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/ha) {(#g/a DW) (2) Comments
A Beet/Tuber 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 Radish/Tuber  Sludge 6.8 0 0.0013 0.007 - Cappon, C.T. 1981
0.7804 0.0066 Red radish.
‘ A Radish/Tuber Sludge 6.8 0 0.0008 0.004 Cappon, C.T. 1981
0.7804 0.0043 White radish.
B Carrot/Tuber  Sludge 53-7.1 0 0.1 0.001 Furr & Kelly
' 262 0.04 1976, p. 87.
B Onion/Bulb Slﬁdge 5.3-7.1 e 0.1 0.043 Furr & Kelly
2.34 02 1976, p. 87.




TABLE C-39

UPTAKE OF MOLYBDENUM BY FORAGE

Study Chemlcal Appilication Tissue _ Uptake
| Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
A Com Sludge 46-5.3 0 1.9 0.683 Pierzynski & Jacobs
33 29.8 1986. Year 1,
66 47 Experiment 1.
A Com Sludge 476.4 0 7.5 2.486 Pierzynski & Jacobs
63 265 1986. Year2,
141 365 Experiment 1.
A Com Sludge 5.0-6.9 0 6 5.106 Pierzynski & Jacobs
63 300 1986. Year 3,
141 724 Experiment 1.
A Com/Leaf Sludge 46-5.3 0 3 0.909 Pierzynski & Jacobs
33 40.5 1986. Year 1,
66 63 Experiment 1.
A Com/Leaf Sludge 4764 0 22 1.723 Fierzynski & Jacobs
63 137 1986. Year?2,
141 247 Experiment 1.
A Com/Leaf Sludge 5.06.9 0 8.8 4,907 Pierzynski & Jacobs
63 265 1986. Year 3,
141 697 Experiment 1.
A Soybean Sludge 46-5.3 0 27 0.814 Pierzynski & Jacobs
33 439 1986. Year1,
66 56.4 Experiment 1.
A Soybean Sludge 4764 0 3.1 2.257 Pierzynski & Jacobs
63 140 1986. Year2,
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. Year1,
65 52.8 Experiment 1.
A Soybean/ Sludge 47-6.4 0 24 1.893 . Pierzynski & Jacobs
Leaf 63 103 1986. Year?2,
141 268 Experiment 1.
A Soybean/ Sludge 5.0-6.9 0 9.3 3.164 Pierzynski & Jacobs
Leaf 63 158 1986. Year 3,
141 452 Experiment 1.




TABLE C-39 (cont.)

UPTAKE OF MOLYBDENUM BY FORAGE (cont.)

Study Chemical Application  Tissue Uptake ‘

Type - Plant/ Form Soll Rates Concentration Slope Reference/

1) Tissue . Applied pH (kg/ha) (ug/g DW) (2) Comments

A Com Siudge . 46-54 0 6.6 2.050 Pierzynski & Jacobs

42 92.7 1986. Year1,

Experiment 2.

A Com Sludge 476.5 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 . 3293 Pierzynski & Jacobs

. ‘ 291 1300 © 1986. Year3,

300 630 Experiment 2.

A Com/Leaf Sludge ' 46-5.4 0 6.4 2752 Pierzynski & Jacobs

42 . 122 v 1986. Year1,

Experiment 2.

A Com/Leaf Sludge 4.7-6.5 0 . 6.4 1.072 Pierzynski & Jacobs

291 462 1986. Year2,

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 & Batés, 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. Ferric chloride

enriched sludge.

A Bromegrass Siudge “N.R. 0 0.33 . 0.076 Soon & Bates, 1985.
10.8 1.185 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.




TABLE C-39 (cont.)

UPTAKE OF MOLYBDENUM BY FORAGE (cont.)

Study Chemical Application Tissue Uptake
| Type Plant/ Form Soll Rates Concentration Siope Reference/
{1) Tissue Appllied pH {kg/ha) {(ug/g DW) (2) Comments
A Com Sludge N.R. 0 0.24 0.003 Soon & Bates, 1985.
12.16 0.28 Connestoga.
Aluminum sulfate
enriched sludge.
A Com/ Sludge N.R. 0 1.01 0.438 Soon & Bates.
Forage 6.08 - 3.67 Caledon. Calcium
enriched sludge.
A Comv/ Sludge N.R. 0 1.01 0.001 Soon & Bates.
Forage 11.92 0.65 Caledon.
Ferric chloride
enriched sludge.
A Com/ Sludge N.R. .0 1.01 0.001 Soon & Bates.
Forage 12.72 0.72 Caladon.
Aluminum sulfate
enriched sludge. -
B Alfalfa Sludge 6.0-6.6 40 201 2.887 Pierzynski & Jacobs
88 486 1986. 2nd cutting.
188 659
B AlNalfa Sludge 7.0-7.5 40 487 2.367 Fierzynski & Jacobs
88 876 1986. 2nd cutting. .
188 895
B Alfaifa Sludge 7.7-8.2 40 483 2.901 Pierzynski & Jacobs
88 773 1986. 2nd cutting.
188 944




TABLE C-40

. UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS

Study ' Chemical Application - Tissue  Uptake

Type Plant/ Form . Soll Rates Concentration Siope Reference/
(1) Tissue Applied pH ~  (kgha) {ug/g DW) 2) - Comments
A Com/Grain - Siudge 46-5.3 0 0.2 o 0.027 Pierzynski & Jacobs
33 15 ' 1986. Year 1,
66 2 , Experiment 1.
A Com/Grain Sludge 4764 0 0.4 0.037 Pierzynski & Jacobs
; : 63 © 3.7 1986. Year?2,
141 5.7 Experiment 1.
A Com/Grain ‘Sludge 5.0-6.9 0 0.6 0.045 Pieizyhski & Jacobs
63 36 " 1986. Year3,
141 6.9 o Experiment 1.
A Com/Grain Sludge . 4.6-54 0 0.5 0.074 Pie)zynski & Jacobs
42 - 36 1986, Year 1,
Experiment 2.
A Com/Grain Sludge 4765 '0 0.5 0.029 Pierzynski & Jacobs
291 12 1986. Year2,
300 6.3 . : Experiment 2.
A Com/Grain - Sludge 5.0-7.1 0 0.5 0.041 Pierzynski & Jacobs
: 291 16.5 1986. Year3,
300 8.2 - Experiment 2.
A ConVGréin Sludge N.R. 0 0.13 0.012 Soon & Bates, 1985.
9.68 025 Connestoga.
: -Calcium
enriched sludge.

A Com/Grain Sludge - N.R. 0 0.13 0.004 Soon & Bates, 1985. .
10 0.17 Connestoga.
Ferric chloride
enriched sludge.
A Com/Gran ~ Sldge NR. o 0.13 0.004  Soon & Bates, 1985.
122 0.18 Connestoga.
Aluminum sulfate
enriched sludge.
A Com ' éludge N.R. 0 0.25 0.079 ' Soon & Bates.
6.08 0.73 ' Caledon. Calcium
enriched sludge.
A Com . Sludge N.R. 0 0.25 0.001 Soon & Bates.
11.92 0.25 Caledon.
Fenrric chloride
enriched sludge.
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TABLE C-40 (cont.)

UPTAKE OF MOLYBDENUM BY GRAINS/CEREALS (cont.)

Study Chemical Appiication _ Tissue __ Uptake ,_
Type Plant/ Form Soll Rates Concentration Slope Refarence/
{1) Tissue Applied pH (kgma) (ug/g DW) (2) Comments |
A Com Sludge NR. 0 0.25 0.003 Soon & Bates.
12.72 029 . : Caledon.
: . Aluminum sulfate
enriched sludge.
B Com Sludge 6.0-66 40 74 - 1.482 Pierzynski & Jacobs
88 315 ' 1986. 2nd cutting.
188 . 329 ’
B Com/Grain Sludge 7.0-7.5 40 260 0.674 Pierzynski &-Jacobs
: 88 403 1986. 2nd cutting.
188 383
B Com/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 . ‘ : chemlcal Appllcatlonv Tissue Uptake )
Type " Plant/ Form . Solt Rates  Concentration Slope Reference/
1) Tissue Applied pH (kg/a) {sg/g DW) {2) Comments
A Soybean/ Siudge 46-5.3 0 ‘ 14.3 1.632 Pierzynski & Jacobs,
i Grain ) 33 70.9 - 1986. Year 1,
66 122 Experiment 1.
A Soybean/ Sludge : 4764 O ’ 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 A Pierzynski & Jacobs,
Grain 63 114 1986. Year 3,
141 242 Expeniment 1.
B Soybean/ Sludge 6.0-6.6 40 300 4213 Pierzynski &.Jacobs,
Grain ‘ 88 . 800 1986. 2nd cutting.

188 . 986 '
B Soybean/ Sludge 7.0-7.5 40 736 2.005 Pierzynski & Jacobs,
Grain ‘ 88 1010 1986. 2nd cutting.

: 188 1070
B Soybean/ - Sludge 7.7-82 40 391 1.887 Pierzynski & Jacobs,
Grain. ' 88 585 1986. 2nd cutting.
188 - 692
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UPTAKE OF NICKEL BY FORAGE

TABLE C42

IStudy Chemical Application Tissue . Uptake
| Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH {(kg/ha) {ug/g 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 ReedCanary  Sludge 6.2-74 0 24 0.154 Duncomb et al., 1982,
Grass 13 26
A ComJ/Forage Siudge 6.2-7.4 0 1 0.001 Duncomb- et al., 1982,
1.1 0.9
A Com Sludge 6.6 0 0.23 0.018  Rappaport et al., 1987.
8.6 0.36 - Yeart.
17.2 0.54
A Com Sludge 6.6 0 0.75 0.034 Rappaport et al., 1987.
: 8.6 1.32 Year 1.
47.2 1.33
A Com/Forage Sludge 6.6 0 0.54 0.007 Rappaport et al., 1987.
8.6 0.66 Year 2.
172 0.66
A Barley Sludge 6.6 0 0.51 0.013  .Rappaport et al., 1967.
8.6 0.92 Year 2.
17.2 0.74
A Ryegrass Liquid Sludge 6.5 71.4 3.2 0.331. Cariton Smith, 1988.
84.7 7.6 Mean of 5 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.
Sandy loam.
A Ryegrass Liquid Sludge 6.7 85.2 3.8 0.238 Carlton Smith, 1988:
101.6 7.7 Mean of 5 years used.
Clay.
A Ryegrass Bed-dried 6.7 85.1 3.7 0.072 Cariton Smith, 1988.
Sludge 140.9 7.7 Mean of 4 years used.
Clay.
A Ryegrass Liquid Sludge 8.0 237 1.6 0.139 Cariton Smith, 1988.
40.2 3.9 Mean of 5 years used.
Calcareous loam.
A RYegrass Bed-dried 8.0 23.9 15 0.121 Cariton Smith, 1988.
Sludge 126.9 14 Mean of 5 years used.
Calcareous loam.
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TABLE C42 (cont.)

UPTAKE OF NICKEL BY FORAGE (cont.)

Study Chemical Application Tissue 'Uptake
Type Plant/ Form Soll -  Rates Concentration Slope Reference/
) Tissue Applied pH (kg/ha) (ugig DW) (2) Comments
B Rape Sludge 56 0 1.34 0.001 Narwal et al, 1983.
. 23 0.46 First harvest.
46 0.93
B Rape Sludge 6 0. 0.24 0.03 " Narwal et al., 1983.
2.31 0.3 First harvest.
462 0.38
B Rape Sludge 75 0 0.11- 0.076 Narwal et al., 1983.
2.31 0.3 First harvest.
4.62 0.46 ’
B Rape Sludge 5.6 0 3.75 0.001 Narwal et al., 1983.
: 2.3 1.42 Second harvest.
4.62 1.73 \
B Rape Sludge 6 0 : 1.3‘ 0.001 Narwal et al., 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.
462 0.37
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TABLE C-43

UPTAKE OF NICKEL BY GARDEN FRUITS

C-75

Study Chemical Application Tissue Uptake
Type Plant/ Form Soli Rates Concentration Slope Reference/| .
{1) Tissue Applled pH (kg/ha) (ug/g DW) (2) Comments
A Tomato/Fruit Sludge 5.9-6.6 0 0.61 0.001 Keefer et al,, 1986.
8 0.65 Blue Plains sludge.
16 0.35
A Tomato/Fruit Sludge 5.9-6.6 0 0.43 0.001 Keefer et al,, 1986.
8 0.6 Blue Plains sludge.
16 0.4
A Tomato/Fruit Sludge 6.9-7.1 0 0.61 0.001 Keefer et al., 1986.
. 1270 0.5 Huntington sludge.
2540 0.5 Early fruiting.
A Tomato/Fruit Sludge 5.9-7.1 0 0.43 0.001 Keefer et al., 1986.
1270 0.55 Huntington sludge.
2540 0.45 Late fruiting.
A Tomato/Fruit Sludge 5.9-6.9 0 0.61 0.083 Keefer ot al,, 1986.
2 0.6 Martinsburg sludge.
4 0.94 Early fruiting.
A Tomato/Fruit Sludge 5.9-6.9 0 0.43 0.093 Keefer et al., 1986.
2 0.65 Martinsburg sludge.
4 0.8 . Late fruiting.
A Tomato/Fruit Sludge 5.9-6.3 0 0.61 0.003 Keefer et al., 1986.
24 0.6 Parkersburg sludge.
48 0.75 Early fruiting.
A Tomato/Fruit Sludge 5.9-6.3 0 0.43 0.001 Keefer et al., 1986.
24 0.45 Parkersburg sludge.
48 0.4
A Celery Sludge 7.3 0 <0.3 0.001 Peterson et al., 1989.
2.856 <0.3
5712 <0.3
11.424 <0.3 .
A Tomato/Fruit Sludge 7.3 0 <0.3 0.001 Peterson et al., 1989.
2.856 <0.3
5712 <0.3
11.424 <0.3
A Tomato/Fruit Sludge N.R. 0 1.1 0.022 Lue-Hing et al, 1984.
9 1.3 1977 data used.
17 1.1 Nu-Earth.
34 2.2 ’
43 1.8




TABLE C-43 (cont.)

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.)

Study ‘ Chemical Application Tissue Uptake
Type Plant/ Form " Soll Rates Concentration Slope Reference/|
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) ' Comments
B Green Pepper/ . Sludge 6.4 0 0.4 0.05 Furret al., 1981.
Fruit . 38 23
B Green Pepper/ Sludge ' 6.9 0 0.4 0.029 Furr et al., 1981.
Fruit ) . 38 ) 1.5
B Peal/Grain Sludge 6.4 0 . 1.7 0.095 Furr et al., 1981.
38 53
B PealCrain ) Sludge 6.9 0 1.3 0.029 ‘ Furretal., 1 981.
. 38 24 ,
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TABLE C-44

UPTAKE OF NICKEL BY GRAINS/CEREALS

Study Chemical Application ‘Tilssue. Upmke .
Type Plant/ ‘Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Com/Grain Sludge 6.2-7.4 0 0.6 0.001 Duncomb et al., 1982
1.1 04
A Com/Grain  Sludge 6.6 0 039 © 0055  Rappaportetal, 1987,
8.6 1.04 ] Year 1.
172 1.34
A Com/Grain Sludge 6.6 0 0.11 0.015 Rappaport et al., 1987.
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  Liquid Sludge 6.5 714 1.5 0.023 Cartton Smith, 1988.
847 1.8 Mean of 5 years used.
Sandy loam.
A Wheat/Grain Bed-dried 6.5 70.3 13 0.005 Cariton Smith, 1988.
Sludge 108.5 1.5 Mean of 4 years used.
Sandy loam.
A Wheat/Grain Liquid Sludge 6.7 85.2 1.6 0.001 Carfton Smith, 1988.
101.6 14 Mean of 5 years used.
Clay.
A  Wheat/Grain Bed-dried 6.7 85.1 0.9 0.009 Carlton Smith, 1988.
Sludge 140.9 14 Mean of 4 years used.
Clay.
A  Wheat/Grain Liquid Sludge 8.0 237 0.8 0.006 Cartfon Smith, 1988.
40.2 0.9 Mean of 5 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 of 4 years used.

c77

Calcareous loam.




TABLE C-43 (cont.)

UPTAKE OF NICKEL BY GARDEN FRUITS (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope o Reference/
{1) Tissue Applied - pH - (kg/a) {ug/g DW) (2)v ' Comments
B Green Pepper/ . Sludge 6.4 0 0.4 0.05 ' Furret al., 1981.
Fruit . 38 23
B Green Pepper/ Sludge l 6.9 0 0.4 0.029 Furr et al., 1981. '
Fruit ‘ . 38 ’ 1.5
B PealGrain Sludge 6.4 0 o 1.7 0.095 Furr et al., 1981.
7 38 : 6.3
B PealGrain . Sludge 6.9 0 1.3 0.028 Furr et al., 1981.
38 24
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TABLE C-44

UPTAKE OF NICKEL BY GRAINS/CEREALS

Study Chemical Application Tissue Upuake .
Type Plant/ ‘Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kgma) (ug/g DW) (2) Comments
A Com/Grain  Sludge 6274 0 06 0.001 Duncomb et al,, 1982
1.4 04
A Com/Graln Sludge 6.6 0o 039 ° 0055  Rappaportetal, 1987.
8.6 1.04 Year 1.
172 1.34
A Corm/Grain Sludge 6.6 0 0.11 0.015 Rappaport et al., 1987,
8.6 0.34 Year 2.
172 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 Liquid Sludge 6.5 71.4 15 0.023 Carlton Smith, 1988.
847 1.8 Mean of 5 years used.
Sandy loam.
A  Wheat/Grain Bed-dried 6.5 70.3 13 0.005 Cartton Smith, 1988.
Sludge 108.5 1.5 Moan of 4 years used.
Sandy loam.
A Wheat/Grain Liquid Sludge 6.7 85.2 1.6 0.001 Cariton Smith, 1988.
101.6 14 Mean of 5 years used.
Clay.
A Wheat/Grain Bed-dried 6.7 85.1 0.9 0.009 Cariton Smith, 1988.
Sludge 140.9 14 Mean of 4 years used.
Clay.
A Wheat/Grain Liquid Sludge 8.0 23.7 0.8 0.006 Carlton Smith, 1988,
40.2 0.9 Mean of 5 years used.
Calcareous loam.
A  Wheat/Grain Bed-dried 8.0 23.9 0.9 0.002 Caritor, Smith, 1988.
Sludge 126.9 1.1 Mean of 4 years used.
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TABLE C45

vUPTAKE OF NICKEL BY LEAFY VEGETABLES

Study Chemical Application Tissue Uptake :
Type . Plant/ Form ~ Soll " Rates Concentration Slope Reference/
(1) Tissue Applied pH {kg/ha) (ug/g DW) {2) Comments
A Swiss Chard Nu-Earth *5.7-6.3 0 2.9 15.000 Chaney et al., 1982
: 0.6 11.9
A  Swiss Chard Nu-Earth 6.7 0 1.7 7.167 Chaney et al., 1982
0.6 6
A Collard Greens Heat-Treated *5.5-56.6 0 29 0.001 Chaney et al., 1982
Sludge 8 24 v
A Collard Greens Heat-Treated" '6.4-6.3 0 18 - 0.001 Chaney et al., 1982
Sludge 8 15 - '
A Collard Greens Nu-Earth *5.56.3 0 29 2.167 Chaney et al., 1982
0.6 42 .
A Collard Greens Nu—Eaﬁh ‘6.4-6.8 0 : 1.8 3.500 Chaney et al., 1982
. : be 39
- A Lettuce Heat-Treated *5.3-5.4 0 1.8 0.075 Chaney et al., 1982
Sludge 8 24 . Romaine Lettuce
A Lettuce Heat-Treated ‘6254 (¢} 1.6 0.001 Chaney et al., 1982
Siudge 8 . 0.8 Romaine Lettuce
A Lettuce Nu-Earth *5.3-5.6 0 18 4.500 Chaney et al., 1982
0.6 ‘45 Romaine Lettuce
A Lettuce Nu-Earth '6.2-6.6 0 16 0.001 Chaney et al., 1982
0.6 1.6 ) Romaine Lettuce
A Swiss Chard Heat-Treated 5.7 . 0 29 0.675 Chaney et al., 1982
Sludge 8 - 8.3
A  Swiss Chard Heat-Treated ‘6.7-6.8 0 1.7 0.001 Chaney et al., 1982
Sludge 8 1.5 .
A Cabbage Sludge 5.9-6.6 0 0.2 0.025 ‘Keefer et al., 1986.
8 0.22 Blue Plains sludge.
16 0.6
A Cabbage Sludge' 5.9-7.1 . 0 0.2 0.001 Keefer et al., 1986.
’ ‘ 1270 0.22 Huntington sludge.
2540 0.26
A Cabbage Sludge 5.9-6.9 0 - 02 0.005 Keefer et al., 1986.
2 0.3 Martinsburg sludge.
4 0.22
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TABLE C-45 (cont.)

-

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kglha) (ug/g DW) (2) Comments
A Cabbage Sludge 5.9-6.3 0 0.2 0.003 Keefer et al., 1986.
24 0.2 Parkersburg sludge.
48 0.32
A Cabbage Sludge 7.3 0 <0.3 0.002 Peterson et al., 1989,
2.856 1.2
5712 0.5
11.424 0.6
A Lettuce Sludge 7.3 0 2 0.001 Peterson et al., 1989.
2.856 26 .
5712 1.9
11.424 1.8
A Lettuce Liquid Sludge 6.5 71.4 1.3 ' 0.023 Cariton Smith, 1988.
r B4a7 16 Mean of 5 years used.
Sandy loam.
A Lettuce Bed-dried 6.5 70.3 0.9 0.001 Cariton Smith, 1988.
Sludge 108.5 0.9 Mean of 4 years used.
Sandy loam.
A Lettuce Liquid Sludge 6.7 852 23 0.001 Cariton Smith, 1988.
101.6 2.3 Mean of 5 years used.
Clay.
A Lettuce Bed-dried 6.7 85.1 1.7 0.018 ' Cariton Smith, 1988.
Sludge 140.9 27 Mean of 4 years used.
Clay.
A Lettuce Liquid Sludge 8.0 237 12 0.018 Cariton Smith, 1988.
40.2 1.5 Mean of § years used,
Calcareous loam.
A Lettuce Bed-dried 8.0 23.9 1.3 ' 0.012 Ceriton Smith, 1 988..
Sludge 126.9 25 Mean of 4 years used.
Calcareous loam.
A Cabbage Liquid Sludge 6.5 71.4 4 0.053 Cariton Smith, 1988,
84.7 47 Mean of 5 years used.
Sandy loam.
A Cabbage Bed-dried 6.5 70.3 3.9 0.001 Cariton Smith, 1988.
Sludge 108.5 36 s Mean of 4 years used.
. . Sandy loam.
A Cabbage Liquid Sludge 6.7 85.2 2 0.110 Cariton Smith, 1988.
101.6 3.8 Mean of & years used.
Clay.
A Cabbage Bed-dried 6.7 85.1 21 0.030 Cariton Smith, 1988.
Sludge 140.9 3.8 Mean of 4 years used.
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TABLE C-45 (cont.)

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.)

Study " Chemical Application Tissue Uptake . .

Type  Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue . Applied pH {kg/ha) (ug/g DW) (2) Comments
Clay.
A Cabbage Liquid Sludge 8.0 23.7 0.9 0.042 Cariton Smith, 1988.
40.2 16 Mean of 5 years used.
Calcareous loam.
A Cabbage Bed-dried . 8.0 239 1 0.021 Cariton Smith, 1988.
Sludge Mean of 4 years used.
126.9 3.2 Calcareous loam.
A Spinach Sludge N.R.(3) 0 ' 29 0.037 Lue-Hing et al, 1984.
9 3 1977 data used.
17 47 Nu-Earth.

34 4.8

43 42
A  Swiss Chard Sludge N.R. 0 2 0.051 Lue-Hing et al, 1984.
: 9 1.4 1977 data used.
17 17 Nu-Earth.

34 2.8

43 4

A‘ Romaine Sludge 5.75-7.7 0 17 0.001 Chaney et al., 1982.
3.8 0.7 Limed raw sludge.
A Romaine Sludge 5.75-7.7 0 17 0.001 Chaney et al., 1982.
34 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 5.756.9 0 1.7 0.001 Chaney et al., 1982.
45 0.6 : Compost sludge.
A Romaine - Sludge 575-5.8 0 1.7 0.001 Chaney et al., 1982.
8.3 . 16 ) Heat treated sludge.
A Romaine Sludge ‘ 5.75-6.1 0 1.7 0.023 Chaney et al., 1982.
59 | 3.056 Nu-Earth.
A  Swiss Chard Sludge §.75-7.7 0 23 0.001 Chaney et al., 1982.
3.8 0.8 Limed raw sludge.
A Swiss Chard Sludge 8§.75-76 0 23 0.001 Chaney et al., 1982.
3.4 1.2 Digested sludge.
A  Swiss Chard Sludge 5.75-7.7 o 23 0.001 Chaney et al., 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.




TABLE C-45 (cont.)

UPTAKE OF NICKEL BY LEAFY VEGETABLES (cont.)

Study Chemlcal Application Tissue Uptake
Type Plant/ Form Soli Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) {ug/g DW) (2) Comments
A  Swiss Chard Sludge 5.75-5.8 0 23 0.113 . Chaney et al., 1982.
59 8.95 Nu _Earth sludge.
A Codllard Greens Sludge 5.75-7.7 0 5 0.158 Chaney et al., 1982,
) 38 5.6 Limed raw sludge
A Collard Greens Sludge 5.75-7.6 0 5 0.471 Chaney et al., 1982,
3.4 - 6.6 Digested sludge.
A Collard Greens Sludge 5.75-6.9 0 5 0.029 Chaney et al., 1982,
45 6.3 Composted sludge.
A Collard Greens Sludge 5.75-5.8 0 5 0.027 Chaney et al., 1982.
83 7.2 Heat treated sludges
A Collard Greens Sludge 5.75-6.1 0 ' 5 0.019 Chaney et al., 1982.
Eg 6.15 Nu Earth sludge.
B Lettuce Sludge N.R. 0 21 0.001 Hue et al., 1988.
1.3 25 Akaka Andept-
26 22 soil type.
5.2 2
B Lettuce Sludge NR 0 5.1 0.068 Hue et al., 1988.
1.3 6.9 Lualualei Vertisol-
26 7.3 soil type.
5.2 58
B Lettuce Sludge N.R. 0 48 2.251 Hue et al., 1988.
1.3 10.4 Wahiawa Oxisol-
26 12.4 soil type.
5.2 17.2
B Lettuce Sludge 6.4 0 0.6 0.063 Furret al., 1981.
38 3
B Lettuce Sludge 6.9 0 0.8 0.024 Furr et al., 1981.
38 1.7
B Spinach Sludge 6.4 0 1 0.076 Furr et al., 1981.
38 3.9
B Spinach Sludge 6.9 0 0.7 0.061 Furr et al., 1981.
38 3




TABLE C-46

-

UPTAKE OF NICKEL BY LEGUMES

tudy Chemical Application Tissue - Uptake
Type Plant/ Form Soll . Rates Concentration Slope  Referance/
(1) Tissue Applied - pH {kg/ha) (ug/g DW) {2) Comments
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 GreenBean/  Sludge 5.9-7.1 0 - 024 0.001 Keefer et al., 1986.
Pod & Seed 1270 0.14 Huntington sludge.
2540 0.24 :
A GreenBean/  Sludge 5969 0 ' 0.24 0.125 Keefer et al., 1986.
Pod & Seed 2 0.3 Martinsburg sludge.
: 4 - 0.74 -
A Green Bean/ Sludge 5.9-6.3 0 0.24 0.005 Keefer et al., 1986.
Pod & Seed ) 24 0.3 Parkersburg sludge.
‘ 48 0.48.
A Bean/Grain  Sludge 7.3 ] 1.5 0.09  Peterson et al., 1989.
2.856 23
5712 21
11.424 27
A Green Bean/ Sludge N.R. 0 2.1 0.119 Lue-Hing et al, 1984.
Pod & Seed . 9 . 28 ' 1977 data used.
17 44 Nu-Earth.
34 6.1 :
43 71
A Soybean/ Limed - 7375 226 © 7.41 0.23 Chaney et al., 1977.
Grain Digested - 226 2 For control, used cal-
Sludge 20.6 8.25 careous soil data.
19.2 7.16 . Chaney's values are
238 10.37 means of 3 reps.
246 7.48
A . Soybean/ Limed Raw 7.3-71.7 22,6 741 0.502 Chaney et al., 1977.
Grain Sludge 224 6.27 For control, used cal-
238 7.29 careous soil data.
22 6.42 Chaney's values are
means of 2reps.
A Soybean/ Raw Sludge 6.6-7.3 226 7.41 0.001 Chaney et al., 1977.
Grain Compost 24 8.72 For control, used cal-
28.2 6.69 : careous soil data.
37.2 7.47 Chaney's values are
- 56.6 6.96 means of 3 reps.
80 4.15 :




TABLE C-46 (cont.)

UPTAKE OF NICKEL BY LEGUMES (cont.)

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applled pH (kg/ha) (ug/g DW) (2) Comments
A Soybean/ Heat Treated 5.9-6.0 24.6 8.13 0.198 . Chaney et al., 1977.
Grain Sludge 28 7.21 Chaney's values are
High pH 20.4 5.69 means of 3 reps.
204 64
A Soybean/ Heat Treated 5.3-5.6 216 6.81 0.152 Chaney et al., 1977.
Grain Sludge . 23.8 9.49 Chaney's values are
Low pH 26 7.74 means of 3 reps.
25.4 7.78
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TABLE C-47

UPTAKE OF NICKEL BY POTATOES

Study Chemical Application Tissue Uptake v
Type Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH {kg/ha) (ug/g DW) (2) Comments
A . Potato/Tuber Liquid Sludge 6.5 71.4 15 0.015 Cariton Smith, 1988.
84.7 1.7 Mean of 5 years used.
" Sandy loam.
A Potato/Tuber Bed-dried 6.5 70.3 1.5 0.005 Carlton Smrth 1988.
: Sludge 108.5 1.7 Mean of 4 years used.
Sandy loam.
A Potato/Tuber  Liquid Siudge 6.7 85.2 12 0.03 Cariton Smith, 1988.
. 101.6 1.7 Mean of 5 years used.
Clay.

A Potato/Tuber  Bed-dried 6.7 85.1 1 0.007 Carlton Smith, 1988.

Sludge 140.9 14 Mean of 4 years used.

Clay.

A Potato/Tuber Liquid Sludge 8.0 237 06 0.001 Cariton Smith, 1988.
. 40.2 0.6 Mean of 5 years used.

Calcareous loam.

A Potato/Tuber Bed-dried 8.0 23.9 0.7 0.001 Cariton Smith, 1988.

Sludge 126.9 0.8 Mean of 4 years used.
: Calcareous loam.
B SweetPotato/ Sludge 6.4 0 0.3 0.024 Furr et al., 1981.
_ Tuber 38 12 '
B Sweet Potato/ Sludge 6.9 0 0.1 0.011 Furret al., 1981.
Tuber 38 0.5

C Potato/Tuber Organic, metal 6.6 368 -4 0.011 Harris et al, 1978.
contaminated Vanessa-potato type.
soil .

C Potato/Tuber Organic, metal 6.6 368 475 0.013 Harris et al, 1978.
cohtaminated ‘ Portland Javelin-potato
soil type.

C Potato/fTuber  Organic, metal ‘6.6 368 4.25 - 0.012 Harris et al, 1978.
contaminated Home Guard-potato
soil type.

C Potato/Tuber Organic, metal 6.6 368 4.01 0.011 Harris et al, 1978.
contaminated Desiree-potato type.
soil

€ Potato/Tuber Organic, metal 6.6 368 3.47 0.009 Harris et al, 1978.
contaminated King Edward-potato
soil type.




TABLE C-47 (cont.)

UPTAKE OF NICKEL BY POTATOES (cont.)

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applled pH (kg/ha) (ug/g DW) 2) Commaents
C Potato/Tuber  Organic, metal 6.6 368 5.46 0.015 Haris et al, 1978.
contaminated Majestic-potato
soil type.




TABLE C-48

UPTAKE OF NICKEL BY ROOTS

Study Chemical Appiication Tissue  Uptake )
Type Plant/ Form " Soll Rates - Concentration Slope : Reference/
{1) Tissue Applied pH . (kg/ha) {uglig DW) (2) - Comments
A Radish/Tuber Sludge 5.9-6.6 0 0.92 0.001 Keefer et al., 1986.
8 1.34 . Blue Plains sludge.
16 . . 0.7 : '
A Carrot/Tuber Sludge 5.9-6.6 0 O.A ~0.001 . Keefer et al., 1986.
: : 8 04 . . Blue Plains sludge.
16 04
A Radish/Tuber  Sludge 5.9-7.1 0. A 0.92 0001  Keeferet al., 1986.
1270 1.08 Huntington sludge.
2540 1.92 i ‘
A Carrot/Tuber Sludge 5.9-7.1 -0 0.4 0.001 Keefer et al., 1986.
. i 127 0.4 Huntington sludge.
2540 0.4 ‘
A Radish/Tuber Sludge 5.96.9 o 0.92 0.001 Keefer et al., 1986.
2 ' 0.68 . Martinsburg siudge.
4 - 0.72 )
A  Carrot/Tuber Sludge 5.9-6.9 0 04 0.001 Keefer et al., 1986.
2 0.4 Martinsburg sludge.
4 0.4 ‘
A Radish/Tuber  Sludge 5.9-6.3 o] 0.92 0.001 Keeferét al., 1986.
24 0.58 . Parkersburg sludge.
48 0.64
A Carrot/Tuber Sludge 5.96.3 0 0.4 0.001 ~ Keeferet al., 1986.
24 04 Parkersburg sludge.
48 04 .
A Red Beet/Tuber Sludge 6.2 ] 0 25 0.004 Williams, 1977.
285 25
570 38
1140 6.3
A ~Red Beet/Tuber Sludge 7 0 1.3 0.003 Williams, 1977.
‘ 285 25
. 570 6.3
1140 5
A Onion/Bulb Sludge 6.3 o] 6.3 0.031 Williams, 1977.
285 16.3
570 23.8




UPTAKE OF NICKEL BY ROOTS (cont.)

TABLE C-48 (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applled pH {kg/ha) (1g/g DW) (2) Comments
A  Onion/Bulb Sludge 6.8 0 25 0.014 Williams, 1977.
285 6.3
570 7.5
1140 18.8
A Onion/Bulb Sludge 7.3 (1] <0.3 0.001 = Peterson et al., 1989.
2.856 <0.3
5712 <0.3
11.424 <0.3
A RedBeet/Tuber Liquid Sludge 6.5 714 34 0.038 Carlton Smith, 1988,
84.7 39 Mean of § yedrs used.
Sandy loam.
A Red Beet/Tuber Bed-dried 6.5 70.3 22 0.013 Carlton Smith, 1988.
Sludge 108.5 27 Mean of 4 years used.
Sandy loam.
A Red Beet/Tuber Liquid Sludge 6.7 85.2 1.6 0.067 Cariton Smith, 1988.
101.6 2.7 Mean of 5 years used.
Clay.
A Red Beet/Tuber Bed-dried 6.7 85.1 1.6 0.007 Cariton Smith, 1988.
Sludge 140.9 2 Mean of 4 years used.
Clay.
A RedBeet/Tuber Liquid Sludge 8.0 237 1 0.001 . Carlton Smith, 1988.
‘ 40.2 1 Mean of 5 years used.
Calcareous loam.
A Red Beet/Tuber Bed-dried 8.0 23.9 1.1 0.001 Cariton Smith, 1988.
Sludge 126.9 1.1 ‘ Mean of 4 years used.
Calcareous loam.
A Beet/Tuber Sludge N.R. 0 04 0.027 Lue-Hing et al, 1984.
9 0.6 1977 data used.
17 0.6 Nu-Earth
34 0.9
43 16
A Carrot/Tuber Sludge N.R. 0 1.1 0.036 Lue-Hing et al, 1984.
9 0.9 1977 data used.
17 1.5 Nu-Earth,
34 1.7
43 27
B KohlrabiTuber Sludge 6.4 0 0.9 0.116 Furret al., 1981.
. 38 5.3 :




TABLE C-48 (cont.)

UPTAKE OF NICKEL BY ROOTS (cont.)

Study Chemical Application Tissue _ Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Cemments
B Kohirabi/Tuber Sludge 6.9 0 ‘0.2 0.024 Furret al., 1981.
38 1.1
B  Tumip/Tuber Sludge 6.4 0 0.7 0.061 Furr et al., 1981. '
38 3
B Tumip/Tuber Siudge 6.9 0 0.2 0.018 Furret al., 1981.

38 0.9




UPTAKE OF NICKEL BY SWEET CORN

TABLE C-49

Tissue

IStudy Chemical Application Uptake
Type Plant/ Form Soit Rates Concentration Slope - Reference/
{1) * Tissue Applied pH {kg/ha) (1g/g DW) (2) Comments
A Sweet Com/ Sludge 5.96.6 0 0.17 0.001 Keefer et al., 1986.
Grain 8 0.52 Blue Plains sludge.
16 0.1
A SweetCom/ Sludge 5.9-7.1 0 0.17 0.001 Keefer et al., 1986.
Grain 1270 0.14 Huntington sludge.
2540 0.42
A SweetCom Sludge 5.9-6.9 0 0.17 0.001 Keefer et al., 1986.
2 0.12 Martinsburg sludge.
4 0.14
A Sweet Com/ Sludge 5.9-6.3 0 0.17 0.001 Keefer et al,, 1986.
Grain 24 0.32 Parkersburg sludge.
48

0.12




TABLE C-50

UPTAKE OF SELENIUM BY FORAGE

Study Chemical Application Tissue Uptake '
Type - Plant/ Form _ Soll Rates Concentration Slope " Reference/
L (1) Tissue Applied pH (kg/ha) (ug/g DW) {2) : Comments
A Barley Sludge 5.8-7.0 0 - <0.05 - 0.008 Logan et al., 1987.
- 364 0.08 : - Greenfield.
A Barley Sludge 7 0 ' 0.06 0.001 Logan et al., 1987.
3.6 0.05 Domino.
B Milet . Sludge 6.8 0 , . 0.04 - 0.014 Furr et al, 1980.
. 1.446 0.06 Kalamazoo sludge/
Teel soil.
B Milet Sludge 5.5 0 0.03 0.001 Furr et al, 1980.
1.111 0.03 . Indianapolis sludge/
. Darien Soil.
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- TABLE C-51

UPTAKE OF SELENIUM BY GARDEN FRUITS

c-91

§tudy Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applled pH {kg/ha) (ug/g DW) (2) Comments
A BroccolifFruit  Sludge 6.8 0 0.016 0.013 Cappon, C.T. 1981.
0.7804 0.026
A Cauﬁﬂowér Sludge 6.8 0 0.025 0.012 Cappon, C.T. 1981.
‘ 0.7804 . 0.0348
A Cucumber/Fruit Siudge 6.8 o 0.006 0.006 Cappon, C.T. 1981,
0.7804 . 0.0102 Slicing cucumber.
A Cucumber/Fruit Sludge 6.8 0 0.005 0.004 Cabpon, C.T. 1981.
0.7804 0.0076 Pickling cucumber.
A Pumpkin/Frut  Sludge 6.8 0 0.012 0.008 Cappon, C.T. 1981.
0.7804 0.0183
A Tomato/Fruit Sludge 6.8 0 0.026 0.039 Cappon, C.T. 1981.
0.7804 0.0564
B Tomato/Tuber Sludge 6.8 0 0.03- - 0.035 Furr et al, 1980.
1.446 0.08 Kalamazoo sludge/
- Teel soil.
B  Tomato/Fruit | Sludge 5.5 0 0.01 0.009 Furr et al, 1980.
1.111 0.02 Indianapolis sludge/

Darien Soil.




TABLE C-52

UPTAKE OF SELENIUM BY GRAINS/CEREALS

Study “Chemlcal Application Tissue. Uptake -

Type Plant/ Form Soli Rates ~ Concentration Slope Reference/
{1) Tissue Applied pH {kg/ha) {ugig DW) (2) ] . Comments |

A Barley/Grain Sludge 5.8-7.0 0 0.05 0.001 Logan et al., 1987.

36 0.05 : ' Greenfield.

A " Barley/Grain Sludge 7 0 <0.05 0.001 Logan et al., 1987.

‘ 36 - <0.05 - . Domino.

B Millet/Grain Sludge 6.8 0 K 0.03 0.055 Furr et al, 1980.

1.446 - 011 ’ - Kalamazoo sludge/

. Teel soil.

B Millet/Grain Sludge 5.5 0 002 . 0.009 Furr et al, 1980.

1111 0.03 Indianapolis sludge/

Darien Soil.
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TABLE C-53

UPTAKE OF SELENIUM BY LEAFY VEGETABLES

Study Chemlcal Application Tissue Uptake .

Type Plant/ Form Solt Rates Concentration Slope Reference/

(1) Tissue Applled pH (kg/ha) (ug/g DW) (2) Comments

A Swiss Chard Sludge 6.1-7.8 0 0.06 0.002 Logan et al., 1987.

417 0.08 Romona.

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 Letluce 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

B Cabbage Sludge 6.8 i} 0.07 0.021 Furr et al. 1980.

1.446 0.1 Kalamazoo sludge/

Teel soil.

B Cabbage Sludge 55 0 0.03 0.001 Furr et al, 1980.

' 1.1114 0.03 Indianapolis sludge/

Darien Soil.

Cc-93



TABLE C-54

UPTAKE OF SELENIUM BY LEGUMES

Study Chemical Application Tissue Uptake
Type Plant/ Form ~Soll  Rates Concentration Slope Reference/
1) - Tissue 7 Applied pH (kg/ha) {ug/g DW) (2) Comments
A Bush Bean/ Sludge 6.8 0 0.0084 0.012 ' Cappon, C.T. 1981.
Pod ‘ 0.7804 0.0174 . )
A Bush Bean/ Sludge 6.8 0 0.0012 0.013 Cappon, C.T. 1981.
Seed 0.7804 0.0110
B Bean/ Slddge 5.5 0 0.02 0.027 Furr.et al, 1980.
Grain . 1.111 0.05 Indianapolis sludge/
: : Darien Soil.
B Bean/ . Sludge 6.8 0 0.04 0.055 Funét al, 1980.
Grain 1.446 0.12 Kalamazoo sludge/
Teel Soil.

C-94




TABLE C-§5

UPTAKE OF SELENIUM BY POTATOES

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (1g/g DW) (2) Comments
B Potato/Tuber Sludge ‘ 6.8 0 0.03 0.048 Furr et al, 1980.
1.446 0.1 Kalamazoo sludge/
Teel soil.
B Potato/Tuber  Sludge . 55 0 0.01 0.009 Furr et al, 1980.
1.1 0.02 - Indianapolis sludge/
Darien Soil,
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TABLE C-56

UPTAKE OF SELENIUM BY ROOTS

Study Chemical ~Appilcation __ Tissue __ Uptake
Type Plant/ Form - Soll Rates Concentration Slope Reference/|’

1) " Tissue Applied pH (kg/ha) (1g/g DW) @) Comments

A Radish/Tuber  Sludge 6.1-7.8 0 0.2 0.002 Logan et al., 1967.

4.17 0.21 Romona.

8.34 0.22 Lo

A Beet/Tuber Sludge 6.8 0 ~0.0033 0.006 Cappon, C.T. 1981.
i 0.7804 0.0078

A Onion/Bulb Sludge 6.8 4] . 0.0273 0.025 -Cappon, C.T. 1981.
0.7804 0.0467

A Radish/Tuber  Siudge 6.8 0 0.0271  0.038 Cappon, C.T. 1981.
‘ 0.7804. 0.0565

B Carrot/Tuber Sludge 6.8 0 0.04 0.048 Furr et al, 1980.

1.446 0.11 Kalamazoo sludge/

Teel soil.

B  Onion/Bulb Siudge 6.8 0 ‘ 0.02 0.042 Furr et al, 1980.

1.446 0.08 Kalamazoo sludge/

Teel soil.

B Carrot/Tuber Sludge 5.5 1] 0.02 0.009 Fu:tet al, 1980.

1.111 0.03 : Indianapolis sludge/

Darien Soil.

B Onion/Bulb Siudge 55 - 0 0.01 0.009 Furr et al, 1980.

1.111 0.02 Indianapolis siudge/

Darien Soil.
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TABLE C-57

UPTAKE OF ZINC BY FORAGE

c-97

{Study Chemlcal Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Appiled pH {kg/ha) {ug/g DW) (2) Comments
A Natural Forage Sludge N.R. 45.5 117 1.412 Baxter et al., 1983
: 90.9 75.8 ‘ Means reported
A Bailey Sludgg compost  7.2-7.5 0 203 0.031 Chang et al, 1983.
. 80 . 23.5 Domino loam.
160 .29 1976.
320 30
A Barley Sludge compost 7.0-7.1 0 14.2 0.038 Chang et al, 1983,
‘ 160 20 Domino loam,
320 225 1977.
640 30.2
A Barey Sludge compost  7.1-7.3 0 17.9 0.027 Chang et al, 1983,
240 17.1 Domino loam.
480 204 1978.
860 43
A Barley Sludge compost  6.8-7.1 0 23.3 " 0021 Chang et al, 1983.
. : 320 29.2 Domino loam.
: 640 27.6 1979.
1280 51
A Barley Sludge compost 6672 0 211 o008 Chang et al, 1983.
500 25.9 Domino foam.
800 ' 31.6 1980.
1600 336
A Barley Sludge compost  6.4-7.1 0 20.7 0.010 Chang et al, 1983.
480 15.6 Domino loam.
960 29.5 1981.
1920 40.7
A Barey " Liquid sludge 5.3-6.1 0 165 0.108 Chang et al, 1983.
: 67.7 28.8 Domino loam.
130.4 31.8 1977.
252.4 48.8
A Barley ‘ Liquid sludge 5.3-5.8 0 184 0.014 Chang et al, 1983.
1354 415 Domino loam.
440.8 29.2 1978.
504.8 346
A Barley "Liquid sludge 5.6-6.6 0 16.1 0.033 Chang et al, 1983
203.1 25 Domino loam.
391.2 343 1979.
757.2 412




TABLE C-57 (cont.)

UPTAKE OF ZINC BY FORAGE (cont.)

Study " Chemical Applicaion  Tissue  Uptake

Type _Plant/ " Form Soll Rates  Concentration Slope Reference/
(1) Tissue Applied pH {kg/ha) (pg/g DW) (2) : Comments |
A Barley * Liquid sludge 5868 0 . ) 20.1 ' 0.018 Chang et ef, 1983.

270.8 298 - Domino loam.
521.6 46.8 ) . 1980.
‘ 1009.6 379 ...
A Barley Liquid sludge 5.8-6.9 0 246 0.019 Chang et al, 1983.
338.5 . 378 o Domino loam.
652. 414 : 1981.
1262 51.4 .
A Bariey Sludge composted 7.2-7.5 0 16.3 0.034 Chang etal, 1983.
' 80 194 : Greenfield sandy loam.
160 19.8 1976.
320 : 275
A Barley | Sludge composted 7.0-7.1 0 125 0.016 - Chang et al, 1983.
: 160 21.8 : Greenfield sandy loam.
320 22.8 . 1977.
640 .. 245
A Barley Sludge composted 7.1-7.3 0 25 ' 0.014 Chang et al, 1983.
240 23 Greenfield sandy loam.
480 334 1978.
960 . 36.5 -
A Barley * Siudge composted 6.8-7.1 c 21.2 © 0013 Chang et al, 1983.
’ 320 315 : Greenfield sandy loam.
640 33 1979.
1280 39.4
A Barley Sludge composted  6.6-7.2 0 178 0.013 Chang et al, 1983.
500 315 Greenfield sandy loam.
800 33 : 1980.
1600 39.4
A Barley Sludge composted 6.4-7.1 c 22.4 0.017 Chang et al, 1983.
580 471 Greenfield sandy loam.
960 §5.9 ' 1981.
1920 57.3 :
A Barley Liquid sludge 5.36.1 0 26.1 0.117 Chang et al, 1983.
66.8 31 Greenfield sandy loam.
1325 - 495 : 1977.
248.7 53
A Barley Liquid sludge 5362 0 196 0.072 Chang et al, 1983.
1336 35.3 Greenfield sandy loam.
265 573 | o . 1978
497.4 49.6 .
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TABLE C-57 (cont.)

UPTAKE OF ZINC BY FORAGE (cont.)

IStudy Chemical Application Tissue Uptake
Type Plant/ Form Soll . Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Barley Liquid sludge 5.6-6.6 0 18.4 0.031 Chang et al, 1983.
200.4 32.1 Greenfield sandy loam.
397.5 35.2 1979.
746.1 43.7
A Barley Liquid sludge 5.8-6.8 0 18.4 0.024 Chang et al, 1983.
. 267.2 321 Greenfield sandy loam.
530 35.2 1980.
994.8 437
A Barley Liquid sludge 5.56.9 0 20.9 0.047 Chang et al, 1983.
334 43.2 Greenfield sandy loam.
662.5 50.6 1981.
12435 81.9
A Com/Leaf Sludge 7.4 ‘o 14.5 0.084 Hinesly et al, 1982.
432 39.9 1978.
770 61.3
1204 118
A Com Sludge 7.4 0 6.12 0.153 Hinesly et al, 1982.
432 329 1978.
770 79.3
1204 192
A ComlLeaf Sludge 7.4 0 14.8 0.201 Hinesly et al, 1982.
1979.
200 75
390 73
- 606 139
A Com Sludge 7.4 0 ' 5.47 0.305 Hinesly et al, 1982,
200 36.5 1978.
390 93.2 '
606 190
A ComllLeaf Sludge 7.4 0 3.7 0217 Hinesly et al, 1982.
268 49.2 . 1980. -
321 76
537 130
A Com Sludge 7.4 0 10.4 0245 Hinesly et al, 1982,
268 51.7 1980.
321 109
537 ‘ 204
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TABLE C-57 (cont.)

.

'UPTAKE OF ZINC BY FORAGE (cont.)

Study . Chemical Application Tissue . Uptake
Type Plant/ _Form Soll Rates  Concentration Slope Reference/
(1) Tissue ) Appiied pH (kg/mha) (ug/ig DW) (2) Comments
A Com Sludge 5.36.5 0 22 0576 Dowdy & Larson, 1975.
120 79 ‘
241 186
482 293
A Com Sludge 5.9-6.0 0 , 21 0.028 Rappaport et al, 1987.
' 124 . 18 . Year 1 (1984).
248 28 ‘
A Com Sludge 5.9-6.0 0 14 01457 Rappaport et al, 1967.
124 ‘ 50 Year 1 (1984).
248 53
A Com Sludge 5.96.0 0 14 0069  Rappaport et al, 1987.
124 27 ‘ Year 2 (1985).
248 31
A Com Sludge 5.9-6.0 0 ' 10 0.141 Rappaport et al, 1987.
124 37 . Year 2 (1985).
248 ' 45
A Com Sludge 57 0 28 0.099 Hemphill et al, 1982.
’ 81 36 Portland sludge.
A Com Sludge 57 ] 28 0.029 Hemphill et al, 1982.
: 35 29 e Rockcreek sludge.
A Com Sludge . 5.7 0 28 0.001 Hemphill et al, 1982.
30 - 25 Salem sludge.
A Ryegrass Liquid sludge 6.5 232 25 0.264 Cariton Smith, 1988.
395 - 68 Means of 5 years used.
Sandy loam.
A Ryegrass - Bed-dried 6.5 232 24 0.091 Cariton Smith, 1988.
Siudge 606 58 Means of 4 years used.
Sandy loam.
A Ryegrass Liquid sludge 6.7 276 29 0488 ~ Cariton Smith, 1988.
494 70 Means of 5 years used.
Clay.
A Ryegrass - Bed-dried 6.7 276 28 0.073 Cariton Smith, 1988.
Sludge 702 59 Means of 4 years used.
: Clay.
A Ryegrass Liquid sludge 80 138 35 . 04z3 Carlton Smith, 1988.
292 . 54 Means of 5 years used.
Calcareous loam.
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TABLE C-57 (cont.)

UPTAKE OF ZINC BY FORAGE (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soli Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/ha) (2g/g DW) 2) Comments
A Ryegrass Bed-dried 8.0 138 34 0.061 Cariton Smith, 1988.
Sludge 776 73 Means of 4 years used.
Calcareous loam.
A Barley/leaf Sludge 6.26.4 0 18.6 0.001 Sommers et al, 1991.
Ohio data used.

480 16.5
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TABLE C-58

UPTAKE OF ZINC BY GARDEN FRUITS

Study - Chemical Application Tissue Uptake

Type ~ Plant/ Form Soll Rates Concentration Slope Reference/
1) Tissue Applied pH (kg/ha) (ug/g DW) (2) . Comments
A Squash/Fruit Siudge . 5.16.0 o . 19 0.005  Giordano et al, 1979.
403 21 .~ Year 1{1975).
A  Pepper/Fruit Sludge 5.1-6.0 0 36 ' 0.022 Giordano et al, 1979.
. 403 ‘ 45 ) Year 1 (1975).
A Broccoli/Fruit - Sludge . 4762 0 87 0.030 Giordano et al, 1979.
403 . 99 Year 2 (1976).
A Eggplant/Fruit  Sludge 47-6.2 0 15 0.017 Giordano et al, 1979.
403 22 ) Year 2 (1976).
A Tomato/Fruit Sludge 47-6.2 0 26 0.035' Giordano et al, 1979.
403 . 40 Year 2 (1976).
A Cantaloupe/  Sludge 4 4667 (1] 18 0.017 Giordano et al, 1979.
Fruit 403 25 Year 3 (1977).
A  Pepper/Fruit Sludge 46-6.7 0 29 . 0.010 Giordano et-al, 1979.
403 33 _ Year 3 (1977).
A Pea/Grain Sludge . 5365 0 70 0.111 Dowdy & Larson,
120 106 : ‘ 1975.

241 105

482 130
A Tomato/Fruit Sludge 5.36.5 0 9 0.044 Dowdy & Larson,
120 18 - 1975,

241 22 ‘

482 31
A Peal/Pod Sludge 5.3-65 0 28 0.197 Dowdy & Larson,
' 120 95 ' . 1975.

241 106

482 134
A  Tomato/Fruit Sludge 5.36.5 0 42 | 0.062 Keefer et al, 1986.
81 59 Blue Plains sludge.
162 52 Early fruiting.
A Tomato/Fruit Sludge 5.36.5 0 38 0.056 Keefer et al, 1986.
' 81 51 : Blue Plains siudge.
162 47 Late fruiting.
A Tomato/Frut  Sludge 5365 0 42 0.048 Keefer et al, 1986.
’ 238 : €60 Huntington sludge.
476 65 Eariy fruiting.
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TABLE C-58 {(cont.)

UPTAKE OF ZINC BY GARDEN FRUITS (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH {kg/ha) {ug/g DW) (2) Comments
A Tomato/Fruit  Sludge 5365 0 38 0.048 Keefer et al, 1986.
‘ 238 . 48 Huntington sludge.
476 46 Late fruiting.
0 42
A Tomato/Fruit Sludge 5365 176 44 0.004 Keefer et al, 1986.
352 46 Martinsburg sludge.
Early fruiting.
0 38 ‘
A Tomato/Fruit Sludge 5365 176 47 0.026 Keefer et al, 1986.
352 47 Martinsburg sludge.
W Late fruiting.
0 42
A  Tomato/Fruit Sludge 5.3-6.5 63 52 0.127 Keefer et al, 1986.
126 58 Parkersburg sludge.
- Early fruiting.
0 38 )
A Tomato/Fruit Sludge 5.3-6.5 63" 48 0.063 Keefer et al, 1986.
. 126 46 Parkersburg sludge.
: Late fruiting.
0 26
A Celery Sludge 7.3 36 45 0.001 Peterson et al, 1989.
71 3t
143 31
0 31
A Tomato/Fruit Sludge 7.3 36 30 0.001 Peterson et al, 1989.
71 31
143 28
0 36
A Tomato/Fruit Sludge N.R. 66 38 . 0.020 Lue-Hing et al, 1984.
) 132 38 1977 data used.
265 43 Nu-Earth.
331 42
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TABLE C-59

UPTAKE OF ZINC BY GRAINS/CEREALS

Study Chemical : Application Tissue Uptake .
| Type Plant/ Form Soll - Rates - Concentration Slope Reference/
(1) Tissue Appilied pH (kg/ha) {g/g DW) (2) . Comments
A Comn/Grain Sludge 7.4 o 195 0.015 Hinesly et al, 1982.
' - ) 432 263 - ’ - 1978.
770 - : 312 .
1204 38
A ComY/Grain Sludge 7.4 0 128 0.026 Hinesly et al, 1982.
‘ 200 , 21 . 1979.
390. - 312 :
606 27.1
A Cor/Grain Sludge 74 0 154 0.041 Hinesly et al, 1982.
‘ ‘ . 268 235 1980.
321 29.4
537 374
A Com/Grain Sludge 5365 0 41 0.049 Dowdy & Larson,
120 47 : 1975.
241 48 : Co
482 65 _
A Com/Grain Sludge 5960 - O 30 0.024 Rappaport et &,
‘ 124 40 ‘ 1987.
248 36 Year 1 (1984).
A Com/Grain Sludge - 5.9-6.0. 0 ‘ 17 0.036 . Rabpaport et al,
’ 124 28 . 1987.
248 26 Year 2 (1985).
A  Wheat/Grain Liquid sludge 6.5 232 29 ' 0.184 Cariton Smith, 1988.
395 - 59 Means of 5 years
: used. Sandy loam.
A Wheat/Grain - Bed-dried 6.5 232 30 ? 0.86 Carifton Smith, 1988.
Sludge 606 62 Means of 4 years
. used. Sandy loam.
A  Wheat/Grain Liquid sludge 87 276 32 0.101 Cariton Smith, 1988.
494 54 Means of 5 years
. used. Clay.
A Wheat/Grain Bed-dried : 6.7 276 31 0.056 Carlton Smith, 1988.
Sludge 702 55 Means of 4 years
. ‘ . used. Clay.
A Wheat/Grain Liquid sludge 8.0 138 38 0.071 Cariton Smith, 1988.
292 49 : : Means of § years
: : used.
Calcareous qum.
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TABLE C-59 (cont.)

UPTAKE OF ZINC BY GRAINS/CEREALS (cont.)

IStudy - Chemical Application Tissue Uptake
| Type Plant/ Form Soll Rates Concentration Slope Reference/
1 () Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A WheatGrain Bed-dried 8.0 138 40 0.033 Carlton Smith, 1988.
' Sludge 776 61 " Means of 4 years
used.
Calcareous loam.
A Barley/Grain Sludge 6.2-6.4 0 19.9 0.008 ° Sommers et al, 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 Soll Rates Concentration Slope Reference/

1) Tissue Applied pH (kg/ha) (uglg DW) {2) Comments

' A Lettuce Heat-Treated 5.3-54 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 Lettice Nu-Earth 5.3-5.6 0 76 0.401 Chaney et al., 1982

: 414 242 Romaine Lettuce

A Lettuce Nu-Earth 6.266 0 39 0.085 Chaney et 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 et al., 1982
Sludge 297 115

A SwissChard  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 . 5556 0 47 0414 Chaney et 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 556.3 0 47 0.099 Chaney et al., 1982
414 88

A Collard Greens Nu-Earth 6.4-6.8 0 37 0.092 Chaneyetal, 1 982
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 al., 1978

i 208.3 75 Romaine Lettuce

A Lettuce Sludge 6.0 0 47 1.761 Chaney et al., 1978

79.5 187 Romaine Lettuce
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TABLE C-60 (cont.)

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Leftuce Sludge 6.0 0 47 2.244 Chaney et al., 1978
72.2 209 Romaine Lettuce
A Lettuce Sludge 5.16.0 0 54 0.191 Giordano et al, 1979.
403 131 Year 1 (1975).
Great Lakes lettuce.
A Lettuce Sludge 4.7-6.2 0 48 0.065 Giordano et al, 1979.
403 74 Year 2 (1976).
Great Lakes lettuce.
A Lethuce Sludge 466.7 0 46 0.141 Giordano et al, 1979.
403 103 Year 3 (1977).
Bibb lettuce.
A Lettuce Sludge 46-6.7 0 35 0.045 Giordano et al, 1979.
. 403 53 ‘Year 3 (1977).
Romaine lettuce.
A Lettuce Siudge 4667 0 29 0.216 Giordano et al, 1979.
403 116 Year 3 (1977).
Boston lettuce.
A Cabbage Sludge 46-6.7 0 48 0.027 Giordano et al, 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 Cabbage Sludge 5.3-6.5 0 27 0.006 Keefer et al, 1986.
81 28 Blue Plains sludge.
162 28
A Cabbage Sludge 5.3-6.5 (1] 27 0.001 Keefer et al, 1986.
238 26 Huntington sludge.
476 - 26
A Cabbage Sludge 5.36.5 0 27 0.017 Keefer et al, 1986.
176 35 Martinsiurg sludge.
352 33
A Cabbage Sludge 5.36.5 0 27 0.19 Keefer et al, 1986,
: 63 41 Parkersburg sludge.
126 51 Co
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TABLE C-60 (cont.)

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soli Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (1g/g DW) (2) Comments
A Tumip/Greens Sludge 52-58 0 83 0.994 Miller & Boswell,
) - 170 346 1979.
.340 - 421
A Cabbdge Sludge 7.3 0 30 0.009 Peterson et al, 1989.
36 .33
71 32
143 32
A Lettuce Sludge 73 0 85 0.039 Peterson et al, 1989.
36 108
71 85
143 98
A Lettuce Liquid sludge 6.5 232 59 0.27 Cariton Smith, 1988.
v 395 103 Means of 5 years used.
Sandy loam.
A Lettuce Bed-dried ' 6.5 232 57 0.091 Cariton Smith, 1988.
: Siudge 606 91 * Means of 4 years used.
Sandy loam.
A Lettuce Liquid sludge 6.7 276 80 0.252 Cariton Smith, 1988.
484 135 : Means of 5 years used.
Clay.
A Lettuce Bed-dried 6.7 276 75 0.073 Cariton 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 of 5 years used.
Calcareous loam.
A Lettuce Bed-dried 8.0 138 67 0.02 Cariton Smith, 1988.
Sludge 776 80 Means of 4 years used.
Calcareous loam.
A Cabbage Liquid sludge 6.5 232 395 0.067 Carlton Smith, 1988.
395 36 Means of 5 years used.
. Sandy loam.
A Cabbage Bed-dried 6.5 232 26 0.032 Carlton Smith, 1988.
' Sludge 606 38 Means of 4 years used.
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TABLE C-60 (cont.)

UPTAKE OF ZINC BY LEAFY VEGETABLES (cont.)

Study Chemlcal Application Tissue Uptake -

Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Cabbage Liquid sludge 6.7 276 23 0.083 Cariton Smith, 1988.
' ‘ 494 .M Means of 5 years used.
Clay.
A Cabbage Bed-dried 6.7 276 21 0.04 Cariton Smith, 1988.
Sludge 702 38 Means of 4 years used,
o Clay.
A Cabbage Liquid sludge 8.0 138 2 0.045 Cariton Smith, 1988.
292 32 Means of 5 years used.
Calcareous loam.
A CabBage Bed-dried 8.0 138 25 0.036 Cariton Smith, 1988.
- Sludge 776 48 Means of 4 years used.
* Calcareous loam.
A Spinach Sludge N.R.(3) 0 166 - 0.487 Lue-Hing et al, 1984.
66 310 1977 data used.
132 523 Nu-Earth.

265 358

331 365
A Swiss Chard Sludge N.R. 0 78 0.283 Lue-Hing et al, 1984.
66 148 1977 data used.
132 234 Nu-Earth.

265 141

331 225
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“TABLE C-61

UPTAKE OF ZINC BY LEGUMES

Study Chemical Application - Tissue Uptake -
Type Plant/ Form Soll Rates ° Concentration Slope Reference/
1) Tissug Applied " pH (kgma) - (pg/g DW) {2) . Cpmmems i
A Bean/Pod Sludge 5.1-6.0 o 31 . 0.05 Giordano et al, 1979.
403 : 51 : Year 1 (1975).
A Bean/Grain Sludge 5.1-6.0 -0 Y 64 ' 0.022 Giordano et al, 1979.
: 403 73 ’ Year 1 (1975).
A GreenBear/ . Sludge 5.36.5 0 : 39 0.001 . Keefer et al, 1986.
Crain ‘ 81 - 35 ‘ Blue Plains sludge.
162 ' 38
A Green Bean/ Sludge 5.3-6.5 0 39 0.017 Keefer et al, 1986.
Grain " 476 47 _
238 35
A Green Bean/ Sludge . 5.3-6.5 0 -39 0.014 - Keefer et al, 1986.
Grain ' 176 ‘42 Martinsburg sludge.
7 ' 352 44
A GreenBean/  Sludge 5365 0 3 0.024 Keefer et al, 1986.
Grain 63 42 Parkersburg sludge.
126 42
A Green Bean/ Siudge 7.3 () 38 0.018 Peterson et al, 1989.
Grain 36 52
71 49
143 44
A GreenBean/  Sludge N.R. 0 34 0.006 Lue-Hing et al, 1984,
Pod & Seed 66 36 . 1977 data used.
132 38 . Nu-Earth.
265 36 :
331 37
A Soybean/ Limed digested 7.3-7.5 70.6 39.5 0.02 Chaney et al, 1977.
Grain sludge 107.4 43.5 For control used cal-
87.2 43.1 careous soil data.
1324 40.4 ~ Chaney's values are
179.2 43.9 ' means of 3 reps.
2252 441 :
A  Soybean/ Limed raw . 7377 70.6 ' 395 0.027 Chaney et al, 1977.
Grain sludge 95.8 423 : For control used cal-
95 422 careous soil data.

151.8 42.4 " Chaney's values are
. means of 3 reps.




UPTAKE OF ZINC BY LEGUMES (cont.)

TABLE C-61 (cont.)

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Soybeaw/ Raw sludge 6.6-7.3 70.6 39.5 0.026 Chaney et al, 1977.
Grain compost 101.4 44.8 For control used cal-
125.4 44.1 careous soil data.
196.4 47.5 Chaney's values are
318.8 45.9 means of 3 reps.
525.6 545
A Soybean/ Heat treated 5.9-6.0 75.2 44 0.055 Chaney et al, 1977.
Grain sludge 150.2 48.5 Chaney's values are
High pH 1704 52 means of 3 reps.
298.4 56.5 :
A Soybean/ Heat treated 5.3-5.6 78.2 44.8 0.032 Chaney et al, 1977.
Grain sludge 1446 57 Chaney's values are
Low pH 176 51.6 means of 3 reps.
325 5§5.3
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TABLE C-62

UPTAKE OF ZINC BY POTATOES

Study ] Chemical Application Tissue - Uptake -

Type Plant/ Form Soll Rates Concentration Slope Reference/
(1) Tissue Applied pH (kg[ha) (ug/g DW) (2) Comments
A Potato/Tuber Sludge 4762 0 16 0.007 Giordano.et al, 1979.
403 19 Year 2 (1976).
A Potato/Tuber Sludge 5365 - 0 24 0.061 Dowdy & Larson,
‘ 120 31 1975.

241 41

482 53
A Potato/Tuber-  Liquid sludge ' 6.5 232 13 0.018 Cariton Smith, 1988.
395 16 Means of § years used.
Sandy loam.
A Potato/Tuber Bed-dried 6.5 232 13 0.008 Cariton Smith, 1988.
Sludge 606 16 Means of 4 years used.
Sandy loam.
A  Potato/Tuber Liquid sludge 6.7 276 15 0.014 Carlton Smith, 1988.
494 18 Means of 5 years used.
Clay.
A  Potato/Tuber Bed-dried 6.7 276 15 0.005 Cariton Smith, 1988.
Sludge 702 17 Means of 4 years used.
Clay.
A Potato/Tuber Liquid sludge 8.0 138 7 0.013. Cariton Smith, 1988.
’ 292 9 * Means of 5 ymars used.
Calcareous loam.
A Potato/Tuber  Bed-dried 8.0 138 8 0.006 Carlton Smith, 1988.
Siudge 776 12 Means of 4 years used.
. Calcareous loam.
C Potato/Tuber Organic, metal 6.6 3622 36.2 0.01 Harris et al, 1978,
contaminated soil Vanessa—potato type.
C Potato/Tuber Organic, metal 6.6 3622 48 0.013 Harris et al, 1978.
contaminated soil Pentland Javelin—
--potato type.
C Potato/Tuber Organic, metal 6.6 3622 §5.2 0.015 Harris et al, 1978.
contaminated soil ‘ Home Guard—
-pota(o type.
_C Potato/Tuber Organic, metal - 6.6 3622 - 827 0.015 Harris et al, 1978.
contaminated soil Desiree—-potato type.
C Potato/Tuber Organic, metal 6.6 3622 36.2 0.010 Harris et al, 1978.
contaminated soil King Edward—-potato type.
C ' Potato/Tuber Organic, metal 6.6 3622 . 43.7 0.012 Harris et al, 1978.

contaminated soil
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TABLE C-63

UPTAKE OF ZINC BY ROOTS

Study Chemical Appilcation Tissue Uptake

Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH {kg/ha) {ug/g BW) (2) Comments
A Camot/Tuber Sludge 4.6-8.7 0 29 0.001 Giordano et al, 1979.
403 30 Year 3 (1977).
A Camot/Tuber Sludge 5.3-6.5 0 23 0.164 Dowdy & Larson, 1975.

120 53

241 72

482 104
A Radish/Tuber  Sludge 5.36.5 0 37 0.131 Dowdy & Larson, 1975.

120 40

241 50

482 98
A Radish/Tuber  Sludge 5.3-6.5 0 42 0.006 Keefer et al, 1986.
81 43 - Blue Plains sludge.

162 43
A Camrot/Tuber Sludge 5.3-6.5 1] 99 0.025 Keéfer et al, 1986.
81 232 Blue Plains sludge.

162 103
A Radish/Tuber  Sludge 5.:%-6.5 0 42 0.08 Keefer et al, 1986.
238 52 Huntington sludge.

476 42
A Camot/Tuber Sludge 5.3-8.5 0 99 0.001 Keefer et al, 1986.
238 67 Huntington sludge.

476 51
A Radish/Tuber  Sludge 5.36.5 0 42 0.054 Keefer et al, 1986.
176 52 Martinsburg sludge.

352 61
A Carrot/Tuber Sludge 5.365 0 99 0.004 Keefer et al, 1986.
176 84 Martinsburg sludge.

352 83
A Radish/Tuber  Sludge 5.36.5 0 42 0.206 Keefer et al, 1986.
63 65 Parkersburg sludge.

126 68
A Camrot/Tuber Sludge 5.3-6.5 0 99 0.001 Keefer et al, 1986.
' 63 66 Parkersburg sludge.

126 60
A Onlon/Bulb Sludge 7.3 0 35 0.001 Peterson et al, 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 - Plant Form Soll Raﬁgs Concentration Silope Reference/
(1) Tissue Applied pH (kg/ha) - (ugl/g DW) {2) Comments
A Red Beet/Tuber Liquid sludge 65 232 27 0.184 Cariton Smith, 1988.
395 57 : Means of 5 years used.
‘ Sandy loam.
A Red Beet/Tuber Bed-dried 6.5 232 25 0.048 Cariton Smith, 1988.
Sludge 606 43 Means of 4 years used.
Sandy loam.
A 'Red Beet/Tuber Liquid sludge . 67 276 ' 31 0.193 Caﬂtor; Smith, 1988.
494 73 Means of 5 years used.
Clay.
A Red Beet/Tuber Bed-dried 6.7 276 30 0.054 -  Carlton Smith, 1988.
Sludge ) 702 §3 _ Means of 4 years used.
: - Clay.
A Red Beet/Tuber Liquid sludge 8.0 138 26 0.039 Cariton Smith, 1988.
' 292 32 Means of § years uszd.
Calcareous loam.
A Red Beet/Tuber Bed-dried 8.0 138 25 ’ 0.009 Cariton Smith, 1988.
( Sludge 776 32 . Means of 4 years used.
Calcareous loam.
A Beet/Tuber Sludge ’ N.R. 0 29 0.087 - Lue—Hing et al, 1984.
66 37 1977 data used.
132 44 Nu-Earth.

265 . 51

331 60
A Carrot/Tuber Sludge N.R. 0 26 - 0.019 Lue-Hing et al, 1984.
‘ 66 21 1977 data used.
132 27 _ . Nu-Earth.

265 29

331 30
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TABLE C-64

UPTAKE OF ZINC BY SWEET CORN

Study Chemical Application Tissue Uptake
Type Plant/ Form Soll Rates Concentration Slope Reference/
{1) Tissue Applied pH (kg/ha) (ug/g DW) (2) Comments
A Sweet Corv/ Sludge 5.1-6.0 0 25 0.037 Giordano et al, 1979.
Grain ‘ - 403 40 Year 1 (1975). .
A Sweet Com/ Sludge 5.3-6.5 0 24 0.019 Keefer et al, 1986.
Grain ) 81 : 26 Blue Plains sludge.
162 27
A Sweet Com/ Sludge 5.3-6.5 0 24 0.001 Ke'efer' et al, 1986.
Grain 238 25 Huntington sludge.
476 24
A  SweetCom/  Sludge 5365 0 24 0.02 Keefer et al, 1986.
Grain 176 29 Martinsburg sludge.
352 31
A Sweet Comn/ Sludge 5365 " 0 24 0.095 Keefer et al, 1986.
Grain 63 30 Parkersburg sludge.
126 35 . ‘
A SweetCom/ - Sludge 5.7 0 40 0.062 Hemphill et al, 1982.
Grain 81 45 Portland sludge.
A Sweet Com/ Sludge 57 0 40 0.001 Hemphill et al, 1982.
Grain 35 40 Rockcreek sludge.
A Sweet Com/ Sludge 57 0 40 0.001 Hemphill et al, 1982.
Grain 30 _ 39 Salem sludge.

C-115







APPENDIX D

Animal Uptake Tables






TABLE D-1
TABLE D-2
TABLE D-3
TABLE D-4
TABLE D-§
TABLE D-6
TABLE D-7
TABLE D-8
TABLE D-9
TABLE D-10
TABLE D-11

TABLE D-12

CONTENTS

Page
UPTAKE OF CADMIUM BY ANIMALS .....covvvinenrvanns D-3
UPTAKE OF MERCURY BY ANIMALS ......cceouvevennnns D-7
UPTAKE OF SELENIUM BY ANIMALS . .........cco0ovnn. D-10
UPTAKE OF ZINCBY ANIMALS  ......cccovieeeccnccens D-12
UPTAKE OF ALDRIN/DIELDRIN BY ANIMALS .. .......... D-14
UPTAKE OF CHLORDANE BY ANIMALS . ........covnnn. D-16
UPTAKE OF DDT/DDD/DDE BY ANIMALS ............... D-18
UPTAKE OF HEPTACHLOR BY ANIMALS . ............... D-20
UPTAKE OF HEXACHLOROBENZENE BY ANIMALS . ...... D-21
UPTAKE OF LINDANE BY ANIMALS « .+« -« e eeeeneenn .. D23
UPTAKE OF PCBs BY ANIMALS .. ... c.oueuennenennennnn D-24
UPTAKE OF TOXAPHENE BY ANIMALS .......c.covvn... D-25

D-1







TABLE D« UPTAKE OF CADMIUM BY ANIMALS

Foliwtant | | Feed Feod |Tizswe Concentration] percent |  Tiwswe Uptakia Referenca Used| Footnots
quantity quantity | Come, mnge | molstura |  Come, Slope references
(mpiday} | (kg DWiday) | (befg) | (wolgWW) | (¥} (%) (wpfg DW)
f fdl 1 il
o 031 T7.02 13459913 0.638 Boyeretal, 1981 (p266) 1 h
123 20 7702 870322019
4 1.19 1.277 Johmson et al, 1081 (p.112) 1§ h
e * 1455
s B
JCattle 12  Kidney 4 N 2 18 0.1114 210