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PART 2 C REFERENCE SHEETS

Thefollowing reference sheets provide pertinent information and additional referencesfor several issuesrelevant
to 40 CFR Part 503. Some of the reference sheets contain information directly related to complianceissues (e.g.,
approved analytical methods), while the remaining sheets provide guidance for implementing 40 CFR Part 503.
The topics presented may not be applicable to all, but should assist those who need additional information. The
following table of contents lists the reference sheets provided.
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SECTION 21 C BIOSOLIDSANALYSISMETHODS

40 CFR Part 503.8 contains alisting of approved analytical methods and volatile solids reduction cal cul ations that
must be used for monitoring biosolids quality. Itistheresponsibility of the permit holder, not the contract lab, to
ensure that only EPA-approved analytical methods are used. Therefore, a POTW operator must be knowledgeable
about which methods must be used for each specific analysis and, if needed, provide that information to the
contract lab.

Table 2.1-1 presents the required analytical methods, the maximum alowable sample holding times, sample
preservation techniques, sample containers, sample preparation methods, and additional comments that may be
pertinent to the analytical method. Much of thisinformation is repeated throughout this handbook, but Table 2.1-
1lisintended to be used as a reference guide when preparing for sample collection and reviewing the delivered
data summary package.

Severa points must be made prior to reviewing the Table:

$ Laboratories often commit the analytical error of conducting metals analyses using analytical
methods devel oped for water and wastewater. These methods include those in Standard Methods
for the Examination of Water and Wastewater (a.k.a. Sandard Methods) and various EPA methods
in the 200 Series (e.g.., Method 206.2). For biosolids samples, al metals must be analyzed by SW-
846 methods, which are found in Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods (SW-846).

$ Note that more than ane SW-846 method is provided for each pollutant in metals analyses. The
differences among the methods are usually the equipment used (e.g., direct aspiration, furnace, or
ICP scan) and the level of detection desired. Each of the methods listed in the table are approved for
use under 40 CFR 503, but certain sample characteristics may require one to be used instead of
another. Contact your laboratory regarding these choices.

$ SW-846 Methods 3050B or 3052 are the required preparation methods for all metals except mercury
(using equivaent to 1 gram dry weight).

$ In contrast to the metals, many inorganic parameters (e.g., nitrite, TKN, etc.) require methods
which are found in Standard Methods. There are several reasons for this, the most important one
being that there is no SW-846 method for the parameter specific to solid waste.

$ The SW-846 manual is published by the EPA Office of Solid Waste (OSW) and isintended to be a
"living document,” in that it is updated with some regularity to include new analytical methods for
existing analytes, methods for new analytes, and revisions to existing methods that are designed to
improve data quality and address difficult sample types. It isOSW's intent that the latest version of
agiven method be used whenever specified in a Resource Conservation and Recovery Act (RCRA)
regulation.
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Table 2.1-1. Approved Methods for the Analysis of Biosolids (40 CFR Part 503).

Maximum Holding

Time Sample
Preservation
Pollutant Analysis Method Description Sample Container Comments
Arsenic AA Gaseous Hydride 6 Months All samples must be digested using
SW-846 Method 7061 SW-846 Method 3050 (using
AA Furnace Cool 4EC equivalent to 1 gram dry weight) prior
SW-846 Method 7060A to analysis by any of the procedures
Inductively Coupled Plasma Plastic or glass indicated. Method 3051 can be used
SW-846 Method 6010B container only with permission. The AA Direct
Aspiration analyses are applicable at
Samples must be moderate concentration levelsin clean
digested prior to complex matrix systems. AA Furnace
analysis. methods can increase sensitivity if
. . -~ matrix effects are not severe.
Cadmium AA Direct Aspiration Inductively Coupled Plasma (ICP)
i\g/-lgj?ngceetmd 7130 methods are applicable over abroad
P linear range and are especially
SW'SA.'B Method 7131A sensitive for refractory elements.
Inductively Coupled Plasma Detection limitsfor AA Furnace
SW-846 Method 60108 methods are generally lower than for
Chromium AA Direct Aspiration |CP methods.
SwW-846 Method 7190
AA Furnace
SwW-846 Method 7191
Inductively Coupled Plasma
SwW-846 Method 6010B
Copper AA Direct Aspiration 6 Months All samples must be digested using
SW-846 Method 7210 SW-846 Method 3050 (using
Inductively Coupled Plasma Cool 4EC equivalent to 1 gram dry weight) prior
SW-846 Method 6010B to analysis by any of the procedures
. - Plastic or glass indicated. Method 3051 can be used
Lead AA Direct Aspiration container only with permission. The AA Direct
SW-846 Method 7420 Aspiration analyses are applicable at
AA Furnace Samples must be moderate concentration levelsin clean
SW846 421 digested prior to complex matrix systems. AA Furnace
Inductively Coupled Plasma analysis. methods can increase sensitivity if
SW-846 Method 60108 matrix effects are not severe.
Molybdenum AA Furnace Inductively Coupled Plasma (ICP)

SW-846 Method 7481
Inductively Coupled Plasma
SW-846 Method 60108
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Pollutant

Analysis Method Description

Nickel

AA Direct Aspiration
SW-846 Method 7520
Inductively Coupled Plasma
SW-846 Method 60108

Selenium

AA Furnace

SW-846 Method 7740
Inductively Coupled Plasma
SW-846 Method 6010B

AA Gaseous Hydride
SW-846 Method 7741

Zinc

AA Direct Aspiration
SW-846 Method 7950
Inductively Coupled Plasma
SW-846 Method 6010B

Maximum Holding
Time Sample
Preservation

Sample Container

Comments

Detection limitsfor AA Furnace
methods are generally lower than for
I CP methods.

All metals samples must be prepared prior to analysis using SW846-Method 3050 or 3052.

Mercury Cold Vapor (manual) 28 days SW-846 Method 7470 appliesto
SW-846 Method 7470A Mercury in liquid wastes.
SW-846 Method 7471A Cool 4EC SW-846 Method 7471 appliesto
Mercury in solid or semisolid wastes.
Plastic or glass The digestion procedure is contained
container in the analytical method.
Samples must be
digested prior to
analysis.
Fecal Coliform SM-9221 C (MPN) 6 hours Both procedures are very temperature
SM-9222 D (Membrane Filter, sensitive. Samples must be analyzed
MF) Cool 4EC within defined holding times. SM-9222
Plastic or glass D isno longer allowed in Region VIII.
container
Samonella, sp. SM-9260D.1 6 hours Large sample volumes are needed due
or to the low concentration of Samonella
Kenner Cool 4EC in wastewater and biosolids. Also, due
Plastic or glass to the large number of Samonella
container species, more than one procedure may

be necessary to adequately determine
the presence of Salmonella.
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Maximum Holding

Time Sample
Preservation
Pollutant Analysis Method Description | Sample Container Comments
Enteric Viruses | ASTM-Method D 4994-89 2 hoursat up to Concentration of sampleis necessary
25EC or 48 hours at | dueto the presumably low numbers of
2t0 10EC. virusesin the sample.
No preservation
Plastic or glass
container
Helminth Ova Yanko 5days Analyst must be familiar with other
Ovatest methods which are also found
Cool 4EC inthis same document. Dueto the
Plastic or glass complexity in determining viable Ova,
container all Ovaidentified will be considered
viable.
Total, Fixed, and | SM-2540 G 7 days Method 2540 G is the recommended
Volatile Solids procedure for solid and semisolid
Cool 4EC samples.
Plastic or glass
container
Specific Oxygen | SM-2710B Perform as soon as | Quite sensitive to sample temperature
Uptake Rate possible variation and lag time between sample
(SOUR) collection and test initiation. Replicate
No preservation samples are suggested. SOUR must be
calculated based on total solids (dry
Plastic or glass weight) rather than on volatile solids.
container
Total Volatile SM-5560C 7 days Method C can be used as a control test
Acids for anaerobic digestion even though it
Cool 4EC gives somewhat variable recovery.
Plastic or glass Recovery factors should be
container determined.
Tota SM-4500-P 28 days Pay close attention to sample
Phosphorus preparation requirements found in
Cool 4EC section 4500-P B.
Plastic or glass
container
pH SW-9045A Immediate Sampleis mixed with a prescribed

No preservation
Plastic or glass
container
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Maximum Holding

Time Sample
Preservation
Pollutant Analysis Method Description | Sample Container Comments
addresses thisissue by requiring that
pH measurements be conducted at
25"1EC.
Conductivity SW-9050A 28 days Sampl e should be measured at 25EC or
temperature corrections made and
Cool 4EC results reported at 25EC.
Plastic or glass
container
Total Kjeldahl SM-4500-Nyrg 28 days Total Kjeldahl nitrogen isthe sum of
Nitrogen (TKN) organic and ammonia nitrogenin a
Cool 4EC sample. Sample digestion and
Plastic or glass distillation are required and are
container included or referenced in the method.
Ammonia SM -4500-NH3 28 days All samples must be distilled using
Nitrogen procedure SM -4500-NH; B prior to
(NHz-N) Cool 4EC analysis by one of the specific analysis
Plastic or glass procedures listed.
container
Nitrite Nitrogen | SM-4500-NO, 48 hours Nitrite nitrogen is an intermediate
(NO,-N) oxidation state of nitrogen and can be
Cool 4EC converted by bacteriato NO3 or NHa.
Plastic or glass Analyze within holding time to prevent
container this conversion.
Nitrate Nitrogen | SM-4500-NO5’ 28 days Nitrate nitrogen is the fully oxidized
(NOs-N) SW-846 Method 9056 state of nitrogen. Organics may
SW-846 Method 9210 Cool 4EC interfere with the method.
Plastic or glass
container
Organochlorine | Analysis procedures SW-846 | 14 daysfrom The pesticides are bioaccumulative,
Pesticides Method 8081A collection to stable and toxic. Phthalate esters can
sample extraction. pose amajor interference problem
Extraction procedure, SW-846 when using an EC detector.
Method 3540C/3550B (Method | Cool 4EC
used is dependent on
acceptabl e detection limits.) Amber glassjar
PCBs Analysis procedures SW-846 | 14 daysfrom The PCBs are bioaccumul ative, stable
Method 8082 collection to and toxic. Phthalate esters can pose a

sample extraction.

major interference problem when using
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Maximum Holding

Time Sample
Preservation
Pollutant Analysis Method Description | Sample Container Comments
Extraction procedure, SW-846 an EC detector.
Method 3540C/3550B (Method | Cool 4EC
used is dependent on
acceptable detection limits.) Amber glassjar
Semivolatile Analysis procedure, 14 daysfrom Method is used to quantify most
Organics SW-846 Method 8270C collection to B/N/A organic compounds that are
sample extraction. | soluble in methylene chloride. Such
Extraction procedure, SW-846 compounds include polynuclear
Method 3540C/3550B (Method | Cool 4EC aromatic hydrocarbons, phthalate
used is dependent on esters, ketones, anilines, pyridines,
acceptable detection limits.) Amber glassjar quinolines, aromatic nitro compounds
with Teflon liner. and phenols.
Possible extract cleanup
procedures include: SW-846
3610B, 3620B, 3630C, 3640A,
3650B, and 3660B
(Cleanup method used is
dependent on expected
interferences)
Volatile Analysis procedure, 14 daysfrom Method is used to quantify most
Organics SW-846 Method 8260B collection. volatile organic compounds that have
boiling points below 200EC and are
Purge-and-trap sample Cool 4EC insoluble or slightly solublein water.
preparation procedure, Such compounds include | ow-
Method 5035 Glassjar with molecular-weight hal ogenated
Teflon liner. hydrocarbons, aromatics, ketones,

nitriles, acetates, acrylates, ethers, and
sulfides. Thelaboratory where volatile
analysisis performed should be
completely free of solvents.

Effective use of Method 8260 requires
use of preparative Method 5035, which
involves a closed-system purge-and-
trap device and has sample collection
procedures and containers specific to
that preparative method.
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Pollutant
Other

Analysis Method Description

Maximum Holding
Time Sample
Preservation

Sample Container

By request

Comments
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SECTION 2.2 C ANALYTICAL METHODS FOR ORGANIC POLLUTANTSIN BIOSOLIDS

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (EPA Publication SW-846, Third Ed.) is
the source for EPA-approved analytical methods to determine the concentrations of many constituents of solid
and hazardous wastes. These methods aso have been approved for other purposes, for example, determining
pollutant concentrations in biosolids destined for land application or surface disposal.

Many of the SW-846 methods for analyzing organic compounds may be unfamiliar to POTW operators, since
neither NPDES nor the sludge use and disposal standards (40 CFR Part 503) requires these analyses to be
performed on biosolids or wastewater. In recent years, testing of biosolids for organic pollutants has become
more common. Operators who are performing groundwater monitoring under the requirements of the Resource
Conservation and Recovery Act (RCRA), or who have been required in the past to characterize their biosolidssfor
land disposal, may have previously encountered these analytical methods.

Asnoted earlier, the SW-846 manual is published by the EPA Office of Solid Waste (OSW) andisintendedtobea
"living document,” in that it is updated with some regularity to include new analytica methods for existing
analytes, methods for new analytes, and revisions to existing methods that are designed to improve data qudity
and address difficult sampletypes. It is OSW'sintent that the latest version of a given method be used whenever
specified in aResource Conservation and Recovery Act (RCRA) regulation. Method revisionsareindicated by the
addition of a letter suffix to the method number, e.g., Method 8270C is the third revision of the original Method
8270.

This article will provide an introduction to three of the most common SW-846 methods for analyzing organic
compounds, so that operators who use these methods can better understand their advantages, disadvantages, and
limitations. A specific method for determining organic lead compounds also is presented. Although three
analytical methods ar e discussed objectively, Region VII1 allowsfor the use of SW-846 Methods 8270C
and 8260B for measuring organic pollutantsin biosolids. Method 8015 and all modificationsarenot to be
used. Method 8015 lacks specificity (both in number of analytesand identification) and yieldsmany false
positives as well as negatives, for organic contaminants and organic matter matrices, such asbiosolids.

The SW-846 " 8000" Series Methods

The SW-846 manual is designed in amodular format, with separate procedures for sample preparation, cleanup,
and determinative analyses. Most sample analyseswill include at |east a preparative procedure and adeterminative
analysis. The analysis of hiosolidswill often benefit from the use of one or more of the cleanup methods. Some
samples simply cannot be adequately analyzed without the use of the cleanup methods. While is it common to
discuss SW-846 analyses by only referring to the number of the determinative method, athorough specification of
the actual procedures will mean also stating the preparative method and any cleanup procedures that may be
needed.

The different types of procedures are grouped into numbered series of methods. The determinative methods for
organic compounds all fall into the 8000 Series methods. Method 8000B is the so-called "base method" for the
series, and describes many of the common terms, quality control operations, and provides background
information on many basic chromatographic techniques. Method 8000 does not actually involve any target
compounds. It issimply areference that appliesto al of the various chromatographic procedures.
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Most of the proceduresfor organic compounds use a gas chromatograph (GC) to separate, identify, and quantify
organic pollutants. Any of these methods can be used on aqueous, semisolid, or solid samples. Contaminantsare
either extracted from the samples with an organic solvent prior to analysis or purged from the sample directly into
the instrument. SW-846 contains a variety of extraction procedures that may be applied to sample matrices.
Those extraction procedures are found in the 3500 Series of methods, while the procedures for introducing
volatile contaminants are found in the 5000 Series of methods. The cleanup methods are all found in the 3600
Series.

Associated with each determinative method is a"target compound list" (TCL), thelist of compounds which EPA
has determined can be analyzed satisfactorily in various physical forms by each method. There aretwocritical
points to consider when selecting a determinative method.

$ Some chemicals may be target compounds for more than one method. Y ou may need to find the
method with the most appropriate selectivity and sensitivity for you needs.

$ Some of the SW-846 methods list well over 100 hundred compounds that can be determined using
the method. The fact that a compound is listed as a target compound in a given SW-846 method
does not imply that thereis aregulatory need to perform an analysisfor that compound, under either
the RCRA regulations or 40 CFR 503. Some methods even point out that not all of the compounds
can be determined from asingle instrumental analysis. A common mistakeisto call alaboratory ask
for aprice quote on "Method XXX X" when what you may really need is the analysis of the sample
for a specific set of compounds, for example, polycyclic aromatic hydrocarbons (PAHs). Asking
for the analysis of all the compounds not only adds to the cost of the analysis, it makesit more likely
that the results for one or more compounds will fail to meet all of the quality control requirementsin
the method. Such failures may lead to questions about the results for the analysis, even if the
compound was not important to the specific project.

A GC workson the principle that organic compoundswill migrate through an adsorbent materia at different rates,
depending on the temperature and physical and chemical characteristics of the compounds and adsorbent. In
practice, a sample (or sample extract) is vaporized at about 550EF (290EC), and the vapors are swept through a
long column of adsorbent by a carrier gas. The adsorbent column is kept heated inside an oven to prevent the
sample vapors from condensing in the column. The sample constituents are separated as they passthrough the
column, so that each constituent emerges from the column as a discrete "slug" or band. Depending on the
analytical method, these bands can then be measured by various detectors to identify and quantify each
compound. Each method uses different detectors, which may be more or less sensitive to certain types of
compounds; thus, certain methods can be used to detect extremely low concentrations of specific chemicals,
even in the presence of large amounts of other compounds.

Constituent mncentrations are determined by comparing each band in a sample with the results obtained by
analyzing standard solutions containing known concentrations of each compound. Normally, three to five
standards containing varying constituent concentrations are used to establish the working range of the instrument.
Standard concentrations are chosen so that detector response will be linear within the working range, and so that
the range will encompass the concentrations expected to be found in environmental samples. Samples, or sample
extracts, above the calibration range of the instrument must be diluted to bring the results within the range and
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reanalyzed. Sampleswith results below the range may be reported as less than the lower limit of the calibration
range, or an estimate of the concentration may be made by assuming that the calibration is linear between the
lowest standard and atheoretical zero concentration standard. If such as estimate is made, the results are usually
marked with a"flag" by the laboratory to indicate the increased uncertainty in the value.

Many different types of detectors can be used with a GC. The methods discussed here use either a mass
spectrometer (MS, used in Methods 8260B and 8270C) or a flame ionization detector (FID, used in Method
8015B). With a FID, the effluent vapors from the adsorbent column are passed through a hydrogen flame. As
each band passes through the flame, the constituent compounds are ionized (given an electrical charge). These
charged particles produce an electrical current which can be detected and measured.

A MSidentifies chemical structures by ionizing the constituentsin the column effluent with abeam of high energy
electrons. The stream of charged particles then is passed through a magnetic field, which causes the particles
path to curve. When the charged particles eventually collide with the inside wall of the detector, an electrica
current again is produced which can be detected and measured. Since heavy particles are more difficult to deflect
than light particles, the heavier particles will strike the detector at a distance farther from the entrance to the
detector. By accurately measuring these path lengths, the mass (and thus the exact chemical composition) of
each particle can be determined. In addition, most charged particles show a characteristic tendency to fragment
as they move through the magnetic field; this fragmentation is detected when several particles with different
masses strike the detector simultaneously. The fragmentation pattern is highly dependent on the chemical
composition of the origina particle, so the patterns can be used as "fingerprints’ to precisely identify large
numbers of different chemicals.

These GC methods will work only with samples containing constituents which can be vaporized at relatively low
temperatures, and which are thermally stable (will not decompose at the GC operating temperatures).

Methods 8260B, 8270C, and 8015B

SW-846 Methods 8260B, 8270C, and 8015B are three of the most commonly used GC methods for analyzing
organic pollutants in solid and hazardous wastes. Together, Methods 8260B and 8270C will detect most of the
organic chemicals which currently form the basisfor listing certain waste streams as hazardous (the "F"- and"K"-
listed wastes found in 40 CFR 261.31 and 261.32), or for declaring a non-listed waste as exhibiting the toxicity
characteristic (40 CFR 261.24). The majority of these compounds are either solvents (chlorinated or
hydrocarbon-based) and other industrial chemicals, or PAHs, which are found in petroleum products or are
formed during combustion of organic materials. Some of these solvents, PAHSs, and other chemicals are known
or suspected carcinogens (cancer-causing agents).

Method 8015 originally was designed to detect low levels of six nonhal ogenated organic compounds that were not
easily analyzed using the GC/MS methods available at that time. Over the years, various laboratories and state
regulatory authorities modified Method 8015 to address other target compounds, including gasoline and diesel
fuels. The result was a series of procedures that were commonly referred to as "modified Method 8015."

Unfortunately, depending on the source, one modification might not resemble another. In 1996, OSW revised the
method to its current version, 8015B, and included procedures to specifically address the analyses of gasoline-
range organics (GRO) and diesel-range organics (DRO), aswell asatotal of 27 specific nonhal ogenated organics.
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None of these three methods was designed as a preferred method to analyze pesticides or herbicides (although
some pesticides and herbicides may be identified by Method 8270C).

Table 2.2-1 summarizes the key features of these methods; each method is discussed in more detail below.

Table 2.2-1. Summary of Features of SW-846 Methods 8260B, 8270C, and 8015B

Non-target
Instrument and compounds Relative cost of
SW-846 Method Detector Chemicals detected (Note 1) identified? analyses (Note 2)

8260B GC/MS Voldtile organics Yes (Note 3) Moderately
expensive

8270C GC/MS Semivolatile organics Yes (Note 3) Most expensive

8015B GCIFID Nonhal ogenated volatiles No Least expensive

organics, plus gasoline-range
organics and diesel-range
organics (Note 4)

Note 1. See Tables 2.2-2, 2.2-3, and 2.2-4 for specific target compounds for each method.

Note 2: Prices vary widely among laboratories, and also can depend on the target compounds to be analyzed.
(For example, analyzing for both gasoline and diesel by Method 8015B will cost morethan if only one of
these fractions is determined.) Operators should solicit price quotes from severa laboratories, if
possible, and should discuss their analytical requirements with the laboratories' customer service repre-
sentatives before agreeing to contractual arrangements.

Note 3: Compounds not on the target compounds list can be determined by a search of a mass spectra library.
The resulting identifications are tentative, since an authentic standard of the compound is not aso
analyzed. The results for the tentatively identified compounds (TI1Cs) are NOT quantitative. They are
gross estimates of the relative magnitude of the concentration. Analytical costs are higher if TICs are
determined in addition to TCL constituents.

Note 4: Petroleum hydrocarbons such as GRO and DRO can be measured by Method 8015B.
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Table 2.2-2 Volatile Organic Compounds Detected by M ethod 8260B.

Compound Sensitivity (parts per billion) *
Acetone 100
Benzene 5
Bromaodichloromethane 5
Bromoform 5
Bromomethane 10
2-Butanone (methyl ethyl ketone; MEK) 100
Carbon disulfide 5
Carbon tetrachloride 5
Chlorobenzene 5
Chlorodibromomethane 5
Chloroethane 10
2-Chloroethyl vinyl ether 10
Chloroform 5
Chloromethane 10
1,1-Dichloroethane 5
1,2-Dichloroethane 5
1,1-Dichloroethene 5
trans-1,2-Dichloroethene 5
1,2--Dichloropropane 5
cis-1,3-Dichloropropene 5
trans-1,3-Dichloropropene 5
Ethylbenzene 5
2-Hexanone 50
Methylene chloride (dichloromethane) 5
4-Methyl-2-pentanone (methyl isobutyl ketone; MIBK) 50
Styrene 5
1,1,2,2-Tetrachl oroethane 5
Tetrachloroethene (perchloroethylene; "perc") 5
Toluene 5
1,1,1-Trichloroethane 5
1,1,2-Trichloroethane 5
Trichloroethene 5
Vinyl acetate 50
Vinyl chloride 10
Xylene (Totd) 5

*  Senditivity (detection limits) for these compoundsin biosolids containing about 20% solids should be
no greater than 1 mg/kg (dry weight basis).
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Table 2.2-3 Semivolatile Organic Compounds Detected by Method 8270C

Sensitivity (parts Sensitivity (parts
Compound per billion) for Compound per billion) for
liquid samples* liquid samples*
Acenapthene 10 || Dimethyl phthalate 10
Acenaphthylene 10 || 4,6-Dinitro-2-methylphenol 50
Anthracene 10 || 2,4-Dinitrophenol 50
Benz(a)anthracene 10 || 24-Dinitrotoluene 10
Benzo(b)fluoranthene 10 || 2,6-Dinitrotoluene 10
Benzo(k)fluoranthene 10 || Di-n-octyl phthalate 10
Benzo(ghi)perylene 10 || Fluoranthene 10
Benzo(a)pyrene 10 || Fluorene 10
Benzoic acid 50 || Hexachlorobenzene 10
Benzy! acohol 20 || Hexachlorobutadiene 10
Bis(2-chloroethoxy)methane 10 || Hexachlorocyclopentadiene 10
Big(2-chloroethyl) ether 10 || Hexachloroethane 10
Bis(2-chl oroisopropyl) ether 10 || Indeno(1,2,3-cd)pyrene 10
Bis(2-ethylhexyl) phthalate 10 || Isophorone 10
4-Bromopheny! pheny! ether 10 || 2-Methylnaphthalene 10
Butyl benzyl phthalate 10 | 2-Methylphenol 10
4-Chloroaniline 20 || 4-Methylphenol 10
4-Choro-3-methylphenol 20 || Naphthalene 10
2-Chloronaphthalene 10 || 2-Nitroaniline 50
2-Chlorophenol 10 | 3-Nitroaniline 50
4-Chlorophenyl pheny! ether 10 || 4-Nitroaniline 50
Chrysene 10 || Nitrobenzene 10
Dibenz(a,h)anthracene 10 || 2-Nitrophenol 10
Dibenzofuran 10 || 4-Nitrophenol 50
Di-n-butyl phthalate 10 || N-Nitrosodiphenylamine 10
1,2-Dichlorobenzene 10 || N-Nitroso-di-n-propylamine 10
1,3-Dichlorobenzene 10 || Pentachlorophenol 50
1,4-Dichlorobenzene 10 || Phenanthrene 10
3,3-Dichlorobenzidine 20 || Phenol 10
2,4-Dichlorophenol 10 || Pyrene 10
2,6-Dichlorophenol 10 || 1,24-Trichlorobenzene 10
Diethyl phthalate 10 || 2,4,5-Trichlorophenol 10
2,4-Dimethylphenol 10 || 2,4,6-Trichlorophenol 10

* Sengitivity (detection limits) for these compounds in dewatered biosolids, soils, or other solid and semisolid
samples are approximately 30 times higher than the levels shown here for liquid samples. Sensitivity in biosolids
containing about 20% solids should be no greater than 1 mg/kg (dry weight basis).
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Table 2.2-4 Organic Compounds Detected by Method 80158

Specific compounds detected by Method 8015B

Acetone

Acetonitrile

Acrolein

Acrylonitrile

Allyl alcohol

1-Butanol (n-Butyl acohol)

Isobutyl acohol (2-Methyl-1-propanol)

Isopropyl acohol (2-Propanal)

Methanol

Methyl ethyl ketone (MEK, 2-Butanone)

Methyl isobutyl ketone (MIBK, 4-M ethyl-2-pentanone)

N-Nitroso-di-n-butylamine

t-Butyl acohol (2-Methyl-2-propanol) Paraldehyde

Crotonaldehyde 2-Pentanone

Diethyl ether 2-Picoline

1,4-Dioxane 1-Propanol (n-Propyl alcohol)
Ethanol Propionitrile

Ethyl acetate Pyridine

Ethylene glycol o-Toluidine

Ethylene oxide

Petroleum Hydrocarbon fractions addressed in Method 8015B
Diesdl-range organics (DRO Cyg to Cyg)

Gasoline-range organics (GRO, G to Cyp)

Method 82608

Method 8260B is used to anayze the volatile organic compounds (V OCs; compounds with boiling points less than
approximately 300EF [150EC]) shown in Table 2.2-2. Method 8260 replaces the earlier Method 8240, which was
deleted from the SW-846 manual in 1996, as it employed an outdated technique, packed GC columns. Method
8260 employs a capillary GC column which can separate a wider range of organic compounds.

Many laboratories a'so may be able to analyze additional chemicals by this method; ask your customer service
representative about the laboratory's specific TCL. As noted earlier, the presence of a compound on the TCL
does not imply aregulatory requirement for its analysis. Therefore, talk with the laboratory to ensure that their
TCL includes all of the constituents you require for analysis.

As shown in Table 2.2-1, Method 8260 uses a GC/MS combination. VOCs are removed from a sample by
bubbling purified nitrogen or helium through it (solid samples are initialy slurried in water or a methanol-water
mixture); the stripped or "purged” compounds are "trapped” in a small column of adsorbent (thus the name
"purge-and-trap" given to this technique for isolating V OCs from the sample). The VOCs are desorbed from the
trap by rapidly heating the adsorbent and then passed through the analytical column as described previoudly.
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Method 8270C

Method 8270C is used to detect the semivolatile organic compounds (SVOCs; compounds with boiling points
between about 300°F [150°C] and 850°F [450°C]) shown in Table 2.2-3. Aswith Method 8260, Method 8270
also uses GC/MS (see Table 2.2-1). SVOCs are extracted from a solid or liquid sample with a water-insoluble
organic solvent (methylene chloride). In the case of water samples, different compounds can be extracted
preferentialy by adjusting the sample to a high (alkaline) pH or a low (acidic) pH before extraction. (Solid
samples do not undergo pH adjustment before extraction.) The combined solvent extracts are then concentrated
to a small volume and analyzed as described above.

Method 8015B

Method 8015 originally was designed to detect low levels of six honhal ogenated organic compounds that were not
easily analyzed using the GC/MS methods available at that time. Over the years, various laboratories and state
regulatory authorities modified Method 8015 to address other target compounds, including gasoline and diesel
fuels, and the somewhat confusing term "total petroleum hydrocarbons' or "TPH." The result was a series of
procedures that were commonly referred to as "modified Method 8015." Unfortunately, depending on the source,
one modification might not resemble another.

Petroleum hydrocarbons are not regulated under the various RCRA statutes governing hazardous wastes, but
rather under the regulations governing releases from underground storage tanks (40 CFR Part 280). In 1996.
OSW revised the method to its current version, 8015B, and included procedures to specifically address the
analyses of gasoline-range organics (GRO) and diesel-range organics (DRO), as well as atotal of 27 specific
nonhal ogenated organics. OSW's goa was to eliminate the confusion surrounding the many versions of "modified
Method 8105." The procedures for GRO and DRO are based on methods developed by the petroleum industry
and addressthe particular difficultiesof petroleum spill analyses. However, the GRO and DRO analyses need not
be conducted as part of the analysis of the original nonhal ogenated volatiles. Whatever list of target compounds
is used for Method 8015B, the analysis must include some sample preparation technique. For the analysis of
biosolids, purge-and-trap is the most likely sample preparative technique, although solvent extraction is used for
DRO analyses.

Some states may till retain their modified versions of Method 8015 for specific uses. Given the historical
confusion surrounding petroleum hydrocarbon analyses in generd, it is best to check with the laboratory to
determine how and why they perform analyses using Method 8015.

California Method for Determining Organic Lead Compounds

In October 1989, the California Department of Health Services (DHS) published the "L eaking Underground Fuel
Tank Field Manual: Guidelines for Site Assessment, Cleanup, and Underground Storage Tank Closure." This
manual contains detailed methods for determining TPH by GC/FID (the "Californiamodification” to Method 8015)
and organic lead compounds. Organic lead compounds formerly were widely used as gasoline antiknock
additives, and large amounts of these compounds are now found in petroleum sludges.

In the California DHS organic lead method, a sample is extracted with organic solvent to isolate the organic lead
compounds; other forms of lead (inorganic lead) are not removed by extraction. The extract then is analyzed by
an atomic absorption (AA) spectrometer, using SW-846 Method 7420 or 7421, to determine the organic lead
concentration.
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Advantages, Disadvantages, and Limitations

Aswith any analytical procedure, each of these methods has certain advantages, disadvantages, and limitations, as
shown below. Study the following lists carefully before deciding whether the method is appropriate for your
particular needs. One limitation shared by all of these methods is that permit conditions or other regulatory
requirements may require the use of a different analytical method, even if one of these methods seems to be
appropriate. Check with your state or regional EPA regulator, technical contact, or your laboratory's customer
service representative to make sure the correct analytical method is being used.
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METHOD 8260: VOLATILE ORGANICSBY GC/MS USING PURGE-AND-TRAP

Advantages

Availability C Virtually all laboratories performing
VOC anayses have equipment and personnel dedicated
to performing Method 8260 and related GC/MS
procedures.

Widespread use C Many thousands of analyses have
been performed using this method over the years; the
accuracy and precision of the method are well known.

Results from different anayses can be readily
compared to one another.

Applicability C The method can be used on any
sample matrix (surface water, groundwater,
wastewater, soils, sediments, or sludges).

Sensitivity C Most target compounds can be measured
accurately down to 5 or 10 parts per billion (ppb), and
estimated concentrations can be obtained down to 1 or
2 ppb. However, other methods may be more
sensitive for certain specific pollutants (such as
benzene or chlorinated solvents such as
trichloroethene).

Foecificity C Target compound identification is based
on both the retention time of the compound on the
adsorbent column, and the mass spectral pattern of the
constituent; both of these criteria must match the
characteristics of the standard reference material
before positive identification can be made. Accurate
concentration measurements usually can be made in
the presence of interfering compounds.

Types of compounds analyzed C At additional cost, ug
to 10 non-target compounds in each sample may be
tentatively identified. Subsequent confirmation of
these tentatively identified compounds (TICs) can
suggest or pinpoint apreviously unsuspected source of
contamination.

Disadvantages and Limitations

Cogt C Most laboratories will charge approximately
$200 for each sample. Analytical costs generaly will
be lower if only a certain standard subset of the full
TCL is andyzed C for example, only those
constituents covered by the TCLP toxicity
characterigtic rule.

Unnecessary detail C Since the method was designed
to measure a wide range of compounds (most of
which are never found in samples from any given
source), a large number of irrelevant compounds will
be reported as "not detected." The occasional truly
significant results tend to become lost in this mass of
unnecessary information. If determination of a group
of related compounds (such as gasoline constituents)
is desired, other methods may be more appropriate.
Alternatively, you can request that only certain target
compounds be reported.

Types of compounds analyzed C Many water-soluble
compounds (such as some al cohols, organic acids, and
amines), and compounds which do not emerge from
the adsorbent column as a sharp band, cannot be
analyzed effectively.

Foeed C Due to stringent method requirements for
calibrating the anaytical instruments, fewer samples
per day can be analyzed than by other methods. (This
is seldom a concern, unless a laboratory is faced with
analyzing a large number of samples within a certain
holding time deadline))
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METHOD 8270: SEMIVOLATILE ORGANICSBY GC/MSUSING CAPILLARY COLUMN

Advantages

Availability C Virtually all laboratories performing
SVOC anayses have equipment and personnel
dedicated to performing Method 8270 and related
GC/MS procedures.

Widespread use C Many thousands of analyses have
been performed using this method over the years; the
accuracy and precision of the method are well known.

Results from different anayses can be readily
compared to one another.

Applicability C The method can be used on any
sample matrix (surface water, groundwater,
wastewater, soils, sediments, or sludges).

Sensitivity C Most target compounds can be measured
accurately down to between 10 and 50 ppb in water,
and estimated concentrations can be obtained down tc
about 5 ppb. Limits for other matrices, such as
sludge, are somewhat higher. Other methods may be
more sensitive toward certain specific pollutants.

Soecificity C Target compound identification is based
on both the retention time of the compound on the
adsorbent column, and the mass spectral pattern of the
congtituent; both of these criteria must match the
characteristics of the standard reference material
before positive identification can be made. Accurate
concentration measurements usually can be made in
the presence of interfering compounds.

Types of compounds analyzed C At additional cost, ug
to 20 non-target compounds in each sample may be
tentatively identified. Subsequent confirmation of
these tentatively identified compounds (TICs) can
suggest or pinpoint apreviously unsuspected source of
contamination.

Disadvantages and Limitations

Cost C Method 8270 is the single most expensive
commonly-used analytical method. Most |aboraories
will charge between $400 and $600 for each sample.
Analytical costs generally will belower if only acertain
standard subset of the full TCL is anadyzed C for
example, only those constituents covered by the TCLP
toxicity characteristic rule, or only acid-extractable
compounds.

Unnecessary detail C Since the method was designed
to measure a wide range of compounds (most of
which are never found in samples from any given
source), alarge number of irrelevant compounds will
be reported as "not detected." The occasiond truly
significant results tend to become lost in this mass of
unnecessary information. If determination of a group
of related compounds (such as petroleum constituents)
is desired, other methods may be more appropriate.
Alternatively, you can request that only certain target
compounds be reported.

Types of compounds analyzed C Many non-target
SVOCs decompose at temperatures below their boiling
points, and thus cannot pass through the GC column.
Most phenols are sufficiently solublein water that they
are not extracted efficiently, and results for these
compounds may be biased low. Severa of the target
compounds shown in Table 2.2-3 exhibit erratic
behavior, and can be difficult to analyze.

Soeed C Due to stringent method requirements for
calibrating the anaytical instruments, fewer samples
per day can be analyzed than by other methods. (This
is seldom a concern, unless alaboratory is faced with
analyzing a large number of samples within a certain
holding time deadline))
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METHOD 8015: NONHALOGENATED VOLATILE ORGANICSUSING GC/FID

Advantages

Cogt C This method is one of the least expensive for
analyzing organic compounds, and this is its magjor
advantage when large numbers of samples must be
analyzed. Most laboratories will charge around $100
per sample for each fraction (purgeable and
extractable; prices as of July 1994).

Availability C Virtually all laboratories performing
VOC analyses have equipment and personnel dedicated
to performing Method 8015.

Soeed C Samples usually can be analyzed more quickly
than by GC/MS methods. (Thisis seldom a concern,
unless a laboratory is faced with analyzing a large
number of samples within a certain holding time
deadline.)

Smplicity C Analytical reports are easy to read, since
results for only one or a few target constituents
(acetone, gasoline, diesdl, etc.) are reported.

Types of compounds analyzed C  This method
addresses 27 specific organic compounds, mostly
alcohols, ketones, and adehydes, as well as two
specific ranges of petroleum hydrocarbons, gasoline-
range organics (GRO) and diesd-range organics
(DRO).

Disadvantages and Limitations

Accuracy C  The accuracy for the individual
compounds is generally good, and comparable to the
GC/MS methods. Petroleum products are complex
mixtures containing a few dozen to several hundred
individual chemicas. The GRO and DRO are
determined by summing the instrument responses
between different sets of marker compounds (2-
methylpentane and 1,2,4-trimethylpentane for GRO;
the alkanes Gy and Gg for DRO). When properly
performed, both determinations are accurate.

"Wesathering" (preferential removal of certain chemicals
from environmental samples) also can complicate
component identification and measurement.

Sensitivity C The sensitivity of GC/FID isgenerally as
good or better than that of GC/MS. However, the
individual target compounds for Method 8015 are
much more solublein water that the target compounds
in most GC/MS methods. Their high water-solubility
makes then much more difficult to purge or extract
from water or wet samples such as biosolids. Thus,
when using purge-and-trap and the sample introduction
technique, the sensitivity of Method 8015 for the target
compounds can be lower than the sensitivity of
GC/MS for other compounds. The two petroleum
fractions (GRO and DRO) generally can be measured
accurately down to about 1 to 5 parts per million
(ppm) (1000 - 5000 ppb).
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Soecificity C Target compound identification is based
only on the retention time of the compound on the
adsorbent column. Interfering compounds that come
off the column at the same time can be mistaken for
one of the target compounds, resulting in fase
positives or results biased high. This problem usually
can be overcome by reanalyzing the sample (at
additional cost), using a column containing a different
adsorbent material to confirm the primary results;
however, this largely negates the method's speed and
cost alvantages. The analyses of GRO and DRO
require more skill on the part of the analyst than the
analysis of the individual compounds in the method.

METHOD 8015. NONHALOGENATED VOLATILE ORGANICSUSING GC/FID
(Continued)

Advantages

Types of compounds analyzed C Only those com-
poundsfor which theinstrument was calibrated can be
measured. Unknown constituents cannot be identified
by this method.

CALIFORNIA DHSMETHOD FOR ORGANIC LEAD:

Advantage

Soecificity C This method measures total organic lead
compounds in the presence of other types of lead
compounds. This is considered important, since
organic lead is thought to be much more toxic than
other forms.

Disadvantages and Limitations

Sensitivity C Organic lead can be measured accuratdy
only down to 100 to 500 ppb. Thislevel isabout 10 ta
100 times higher than the sensitivity for total lead
which can be obtained by other methods.

Availability C Sincethis method was developed by the
Cdlifornia Department of Health Services, it may not be
widely known outside California. Most |aboratories
likely will not perform this method unless they are
certified by the California DHS.

Cost C Analytica cost is around $50 per sample
(prices as of July 1994). This cost is somewhat
higher than other methods for determining total lead.

For these reasons, Method 8015 often is used as an inexpensive screening method to detect the possible presence
of petroleum contamination, which then can be confirmed by duplicate analyses using a different GC column or
different methods. If you arelooking for particular contaminants in a biosolids sample, always use the analytical
methods that will specifically measure those contaminants.

Asaresult, EPA Region 8 does not recommend the use of Method 8015 for organic analysis of biosolids.
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SECTION 23 C TOXICITY, BIOSOLIDS, AND THE TCLP TEST

The Toxicity Characteristic Leaching Procedure (TCLP) is a testing procedure developed by the EPA Office of
Solid Waste (OSW). It is used for determining whether solid wastes, including domestic biosolids, exhibit the
regulatory characteristic of "toxicity" (40 CFR 261) and therefore must be handled as hazardous waste. The
leaching procedure described in Method 1311 uses adilute acetic solution to model the movement of contaminants
from a block of waste material placed in an unlined municipal landfill into the underlying groundwater.

The sample is leached using Method 1311, and then the liquid leachate is analyzed using the sample preparation
procedures applied to other aqueous samples, e.g., acid digestion procedures for metals, purge-and-trap
procedures for volatiles, and solvent extraction procedures for semivolatile organics, pesticides, and PCBs.

Following the TCLP anaysis, the concentrations of 44 specific pollutants are compared to the Toxicity
Characteristic (TC) regulatory levels. If the concentration of pollutantsin the TCLP extract meet or exceed these
regulatory levels, then the sample exhibits the RCRA characteristic of toxicity and the waste is classified as
hazardous. If the biosolids leachate fails the TC, then land application is not allowed. Table 2.3-1 presentsthe
analytical classification and limits for TCLP constituents.

Table 2.3-2 presents the results of studies which were conducted in 1985-86 by the OSW. The studies were
used to determineif the TCLP and TC regulatory limits would cause municipal sewage biosolidsto be classified as
a hazardous waste. The Association of Metropolitan Sewerage Agencies (AMSA) and the OSW analyzed split
samples from 12 POTWSs using identical analytical methodology.

None of the biosolids tested by the laboratories had TCL P extract concentrations that exceeded the proposed TC
regulatory levels. For most contaminants, except metals, there were non-detectsin the TCLP extracts and very
few contaminants were detected by either laboratory on the same biosolids sample. The importance to POTW
operators is two-fold. First, TCLP information may be helpful when establishing a public education program.
Uninformed citizens may think that biosolids are hazardous by nature and a threat to human health and the
environment. The results of this study indicate otherwise. Second, the 12 POTWsinvolved in the study werein
urbanized areas and accepted from 5% to 90% of their flows from industrial sources. It is quite likely that
biosolids from small and medium size POTWs would produce TCLP extract concentrations lower than the
biosolids analyzed in the study, and thus have a better chance of passing the TCLP test.
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Table 2.3-1. Analytical Classification and Limitsfor TCLP Constituents.

Constituent Limit, mg/L
Pesticides

Chlordane 0.03
Endrin 0.02
Heptachlor 0.008
Lindane 0.4
M ethoxychlor 10.0
Toxaphene 0.5
Herbicides

2,4-D 10.0
2,4-5-TP Silvex 1.0
Volatiles

Benzene 0.5
Carbon tetrachloride 0.5
Chlorobenzene 100.0
Chloroform 6.0
1,2-Dichloroethane 0.5
1,1-Dichloroethylene 0.7
Methyl ethyl ketone 200.0
Tetrachloroethylene 0.7
Toluene 1000.0
Trichloroethylene 0.5
Vinyl chloride 0.2
Semivolatiles

0-Cresol 200.0
m-Cresol 200.0
p-Cresol 200.0
1,2-Dichlorobenzene 300.0
1,4-Dichlorobenzene 7.5
2,4-Dinitrotoluene 0.1
Hexachlorobenzene 0.02
Hexachlorobutadiene 0.5
Hexachl oroethane 3.0
Nitrobenzene 2.0
Pentachl orophenol 1.0
2,4,5-Trichlorophenol 400.0
2,4,6-Trichlorophenol 2.0
Metals

Arsenic 5.000
Barium 100.0
Cadmium 1.0
Chromium 5.0
Lead 5.0

2.3-3



BIOSOLIDS REFERENCE SHEET -l

Constituent Limit, mg/L
Mercury 0.2
Selenium 1.0
Silver 5.0

Note that the units for the Toxicity Characteristic are given in mg/L, as they are judged from the results of the
analysis of the agueous leachate itself, not the origina solid sample.
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Table 2.3-2 Characteristics of the 12 POTW's and Their Biosolids in the 1986 EPA-AMSA TCLP
and Compositional Test Series.

Biosolids Parameters

POTW Dzzll\l/lyGIT:l)?w % Type of Wastewater
Industry Treatment Typeof Treatment Sample Point pH | % Water | Pass/Fail
A 30-60 50 Primary and Waste No Digestion, Lime | Filters, Composite Cake 12.2 79 Pass
Activated and Ferric Vacuum
Filters
B 100-150 35 Waste Activated No Digestion, Ferric | Conveyor from Filter 58 83 Pass
Vacuum Filters Discharge
C >600 30 Primary and Waste Anaerobic Draw Off from Digester 74 95 Pass
Activated Digestion
D 4-10 20 Waste Activated Aerobic Digestion | Conveyor from Filter 6.3 8l Pass
Extended Air (60 Days), Belt Discharge
Filter Press
E 65-100 30 Waste Activated Anaerobic Vacuum Filter Cake 46 82 Pass
Digestion, Lime, before Lime
Vacuum Filters
F 70-100 40 Primary and Pure Anaerobic Conveyor from Filter 78 82 Pass
Oxygen Digestion, Polymer, | Discharge
Centrifuged
G >600 30-40 Primary and Waste No Digestion, Filter 7.0 7 Pass
Activated Polymer Bdlt, Filter
Press
H 40-60 25 Waste Activated No Digestion, Lime | Storage 10.7 78 Pass
and Ferric, Vacuum
Filter
| 275-325 5 Waste Activated Anaerobic Bottom Ash 6.4 9% Pass
Digestion
J 125-175 40 Primary Polymer, Vacuum Conveyor from Filter 83 0 Pass
Filter, Incineration | Discharge
K 80-120 55 Primary and Waste Low Pressure Storage 5.6 66 Pass
Activated Pure Oxidation-zimpro,
Oxygen Vacuum Filter
L 80-100 50 Waste Activated Anaerobic Unknown 6.6 70 Pass
Digestion, Polymer,
Belt Filter Press
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SECTION 2.4 C BIOSOLIDS SAMPLING GUIDANCE FOR
PUBLICLY OWNED TREATMENT WORKS

This reference sheet provides specific guidance to POTW operators on sampling considerations associated with
short- and long-term biosolids storage facilities such as drying beds, storage lagoons, biosolids piles, surface
disposal units, and wastewater lagoons. The sampling protocols and requirements presented herein should be
considered prior to disposing of biosolids that have been stored in one of the above ways for a period of months.
It is not intended for biosolids generating facilities that dispose of biosolids on a frequent or continuous basis.

Sdf-monitoring requirements for those POTWSs which frequently or continuously dispose of biosolids are

presented in 40 CFR 503.16 for land application and 40 CFR 503.26 for surface disposal. |f your POTW intends
to dispose of biosolidsin the future, or currently disposes of biosolids, notethat all facilities must notify their EPA

Region 180 days prior to land applying or land disposing of al biosolids. The notification must include abiosolids
sampling plan and a timetable of al sampling and disposa activities.

Thefollowing pages present the policy of EPA Region 8 on the statistical basisfor representative sampling and the
guidance related to the physical act of sampling.

The following areas of concern should be evaluated when developing a sampling plan:

$ Satidica BassCDetermine how many discrete samples need to be collected to ensure you have
collected a representative sample, and how many analyses are required from that group.

$ Physica SamplingCDetermine which parameters are to be analyzed and what type of sampling
equipment will be needed.

. STATISTICAL BASISFOR BIOSOLIDS SAMPLING

This sampling strategy relies on statistics to determine the total number of grab samplesto be collected and EPA
Regional policy to determine how many composite samples must be derived from the grab samples and analyzed.
For the purposes of this reference sheet, the statistical formulae used to determine the number of samplesto be
collected are not presented, but can be obtained from the EPA Region VI1I Biosolids Coordinator by asking for
"Technicad Memo - RS/1094/13/2 - Vdidity of Statistical Basis for Sudge Sampling," dated August 3, 1994.

A. NUMBER OF SAMPLES TO BE COLLECTED AND ANALYZED

The following number of samples must be collected depending on the design flow of the POTW. Table 2.13-1
presents the number of samples required for POTWSs with varying design flows. The table indicates that the
number of samples required generally increases asthe design flow of the POTW increases. Therefore, aPOTW
with adesign flow of less than 1 MGD must collect 27 discrete samples and composite those samples for one
analysis. Conversely, aPOTW with adesign flow of greater than 100 MGD must collect 84 discrete samples and
randomly composite and analyze 12 samples from the total of 84. The number of discrete samples has statistical
justification while the number of composite samples is based on Regional policy.

Table 2.4-1isfor POTWswhich stockpile biosolids in piles, lagoons, or similar facilities for extended periods of
time and therefore dispose of biosolidsinfrequently. [Thisguidanceis not intended for facilities which dispose of
biosolids regularly.] Notethat the physical size of the biosolids body does not influence the number of samplesto
be collected. The number of samples presented in Table 2.13-1 isintended for each individua biosolids body.
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Therefore, if you have three individual wastewater lagoons that are to be dredged and the biosolids disposed of,
you should collect the required number of samples from each of the three lagoons.

Table 2.4-1. Number of Samples Required.

P.OTW Number of Discrete Number of Qomposte Equivdent Sdlf-
Design Flow Samples Collected (N) Samples Derived from Monitoring Frequenc
(MGD) P (N) and Analyzed g rrequency
flow<1 27 1 Uyr
>1flow<10 42 4 Alyr
>10flow<100 48 6 6/yr
flow>100 84 12 12/yr

The number of composite samples required to be collected and analyzed is similar to the self-monitoring frequencies
presented in 40 CFR Part 503.16 for continuous biosolids generating facilities. Part 503.16 requires POTWSs with
biosolids production of less than 290 tons/year to monitor only once per year (1/yr), while POTWSs which generate
more than 15,000 tons/year, must monitor 12 times per year (12/yr). The number of samples to be composited and
analyzed relates to the monitoring frequency presented in Part 503.16 because the POTW must monitor for the
equivalent of either once per year (1/yr), once per quarter (4/yr), once every 60 days (6/yr), or monthly (12/yr).
Therefore, this procedure mirrors the required monitoring frequency for those POTWSs which generate and dispose
of biosolids on a continuous basis. The rationale is that large POTWSs should be required to monitor their biosolids
more closely than smaller POTWs; hence the greater monitoring frequency.

B. DETERMINING SAMPLE LOCATIONS

Once you know how many samples are required to be collected and analyzed, you can use the following procedures
to ensure that you collect representative samples from the biosolids body. This can be accomplished using a two-
dimensional random sampling method to identify the sample location points. The following four steps describe how
to determine sampling point locations:

Step [1] Prepare a small scale diagram of the biosolids body on a 8.5" x 11" sheet of paper.

Step [2] Divide the diagram into 100 equally sized squares. Consecutively assign a number (from 0 to 99) to
each of the squares. An example grid pattern is presented in Table 2.4-2. (If possible, simply overlay
the grid pattern onto your biosolids body diagram).

Step [3] Using a random number table, select a minimum of N numbers from the random number table
provided (remembering that N represents the number of samples required). Note that if your biosolids
body does not fill the entire grid (e.g., a circular biosolids pile vs. square grid) more numbers are needed
for areas without biosolids in the grid sections described in Step 2. A random number table is presented
in Table 2.4-3. To select numbers from the random number table, pick a number anywhere on the
random number table and move along a straight line in any direction (maintaining that direction)
choosing numbers off the table consecutively while traveling along the straight line. Do not use duplicate
numbers. If a duplicate number exists along the straight line, ignore it and choose additional numbers
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until non-duplicated N random numbers have been chosen. If the end of the table is reached, repeat
the process until all the numbers have been chosen.

Step [4] Match all selected random numbers to the numbered squares on your grid pattern of the biosolids body.
Samples will be taken from the middle of each identified square as it is laid out over the biosolids body.
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Table 2.4-3. Random Numbers (Blocked Merely for Convenience).
(Source: Introductory Statistics, 4th Edition, John Wiley & Sons, New York, NY, 1985)

3965764545
7371237090
7220473384
75172569 17
3748798874

028908 16 %4
8718157007
9883717015
1008580704
479056 37 31

9305310307
2189114799
95189406 97
9708315573
69 26 86 86 13

4147102503
9194146362
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II. PHYSICAL SAMPLING

The following items should be considered when you are ready to sample:
$ Type of sample to be collected (i.e. grab vs. composite)
$ Sampling equipment
A. TYPE OF SAMPLE

As noted in Table 2.4-1, N represents the number of discrete samples to be collected prior to compositing.
Discrete, or grab, samples are defined as simple "dip and take" samples that can be collected with any of the
sampling equipment listed in Table 2.4-3 Prior to collecting the samples, determine the total volume of biosolids
needed for the required analyses. By doing so, you can better determine the amount needed from each discrete
sample.

Table 2.4-1 lists the number of grab samples to be collected and also the number of composite samples required
for analysis. Biosolids consistency will range from liquid (soupy), semiliquid (dlurry), semisolid (muddy), to solid
(dry); therefore, different methods of compositing apply. If the biosolids arein aliquid, semiliquid, or semisolid
state, mix the individual grab samples in an appropriate container, and stir well, ensuring a complete mix. If the
biosolidsarein asolid state, combine al of your grab samplesinto one cone and then quarter the biosolids cone at
least twice, to form a homogeneous composite sample.

To cone and quarter, place al samples into a ring (like a doughnut) on a smooth surface (e.g., a smooth
crack-free concrete surface or a large smooth synthetic material tarpaulin). Start at any point on the ring and
move around the ring shoveling one scoop at a time to the center of the ring to form a pile. Each scoop should
placed on top of the center of the pile so as to alow the biosolids to fall on all sides of the pile. After al the
biosolids have been placed in the pile, flatten the pile so asto level out the pileinto alarge wafer. Divide the wafer
into quarters and discard two opposite quarters and keep one quarter for analysis and the second for areplicate
sample.

Please note that compositing of samplesis not applicable to volatile organic sampling and analysis. Volatiles must
be collected and analyzed as grab samples or may be composited in the lab prior to analysis.

B. SAMPLING EQUIPMENT

Thetypes of sampling techniques and equipment needed will vary depending on the physical characteristics of the
biosolids and the configuration of the biosolids body. The sampling plan should aso include alist of the sampling
devices or equipment, sample containers, and other miscellaneous materials that are essentia during the actual
field sampling. The following paragraphs provide information on the various types of sampling devices available.

A coliwasa sampling device can be used to collect a core sample of free-flowing liquid biosolids from biosolids
lagoons, tanks, pits, and similar contaminants. The coliwasa consists of a metal, plastic, or glass tube with a
stopper attached to the bottom that can be opened and closed while the tube is submerged in the liquid biosolidsto
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be sampled. The coliwasaislowered into the biosolids at aslow rateto alow thelevel of liquid inside and outside
the sampler to stay the same. When the tip of the sampler contacts the bottom, the stopper is closed and the
biosolidsinside are trapped. This sample represents the entire depth of the biosolids. A typical coliwasa measures
about 5 feet in length. Longer coliwasa of 10 to 15 feet in length are available commercialy.

A thief sampler can be used to sample granulated or powdered biosolids. Thethief is constructed of two slotted
concentric stainless or brasstubes. The outer tube has a conical pointed tip which allows the sampler to penetrate
the material being sampled. The sampler can be closed by rotating the inner tube. Thiefs of about 2to 4 feet in
length are available.

A trier sampler can be used to sample sticky (mud-like) biosolids. Thetrier consists of astainless steel or brass
tube that is cut in half lengthwise and one tip sharpened to allow proper penetration into muddy or loose solids,
with particle diameters of less than one-half the tube diameter. Triers of up to 4 feet in length and 1 inch in
diameter are generaly available.

Augers, shovels, and scoops can be used to sample powdered, granulated, or hard packed solid biosolids. These
items should be constructed preferably of stainless steel, but other materials may also be acceptable.

To avoid contamination (e.g., zinc from galvanized equipment) care must be taken when choosing equipment.
Glass and teflon would beidea sampling equipment but stainless steel will work. Aluminum can be used. Plastics
can be used but not for organics. Do not use material that will dissolve or be entrapped by the biosolids.

Table 2.4-4. Common Sampling Devices.

Sampling Device Sample Size Biosolids Make-up Sampling Device Size
Composite liquid Cross section Free-flowing liquid biosolids | Typically 5 feet in length
biosolids sampler (10to 15 feet are available)
(Coliwasa)

Thief sampler Cross section Granulated or powdered 2to4feetinlength
biosolids
Trier sasmpler Cross section Sticky (mud-like) biosolids Upto4feetlongand 1
inch in diameter
Auger Cross section and discrete Hard packed biosolids Vaiable
samples
Shovel and Scoops | Discrete samples Granulated, powdered, or Varigble

loose biosolids

Additional Resources

Further guidance on taking soil samples can be found at the following Internet addresses:
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1. How to Get a Good Soil Sample by Daryl D. Buchholz, Department of Agronomy, University of
Missouri-Columbia: http://www.muextension.missouri.edu/xplor/agguides/soils/q09110.htm

2. Soil  Sampling by JR. Self and P.N. Soltanpour, Colorado State  University:
http://yuma.colostate.edu/Depts/CoopExt/PUBS/CROPS/00500.html

3. How to Take a Soil Sample...and Why by E. Hugh Gardner, revised by John Hart, Oregon State
University Extension Service: Publication EC 0628; locate at
http://eesc.orst.edu/agcomwebfile/edmat/

4, >Tis  the  Season  for  Soil  Sampling by  Manitoba  Agriculture  Department:
http://www.gov.mb.ca/agriculture/news/topics/daa03d06.html

Guidance on interpreting analyses of soil samples can be found at the following addresses:

1. Interpretation of Laboratory Analyses of Biosolids Samples by James R. Brown and Dennis Sievers,
University of Missouri-Columbia and Robert Magai, Missouri Department of Natural Resources:
http://muextension.missouri.edu/xplor/waterg/wq0429.htm

2. Soil Test Interpretation Guide by E.S. Marx and John Hart, Oregon State University and Bob Stevens,
Washington State University: Publication EC 1478; locate at
http://eesc.orst.edu/agcomwebfile/edmat/
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SECTION 2.5 C BIOSOLIDS MANAGEMENT PLAN

In accordance with the Clean Water Act of 1987, EPA must include biosolids requirements in per mits to protect
public health and the environment. To determine appropriate requirements for land application, EPA needs
information on current biosolids handling and use practices, and a 5-year biosolids operating plan which describes
a City's biosolids marketing area and planning procedures for new sites (Biosolids Management Plan). This
information must be included with the completed permit application. In addition, the plan acts as a blueprint for
planned biosolids activities; its development is required by Part 503.

After approval of the Biosolids Management Plan by EPA, the Plan becomes an enforceable part of the permit. An
outline of the major plan elements follows.

BIOSOLIDS MANAGEMENT PLAN
As part of an NPDES permit application in Region 8, aBiosolids Management Plan (Plan) must be submitted to

EPA. The Plan includes current biosolids practices and a 5year biosolids operating plan which includes the
following elements:

A. A description of the permittee's biosolids production and any current and known future land application
sites.
B. A list of the counties (and states if applicable) where the permittee may want to market or distribute its

biosolids over the life of the permit (5 years minimum). A copy of the plan must be submitted to the
appropriate State Health Department, and should be submitted to the State Extension Service Officein the
counties where biosolids may be marketed.

C. Site selection criteria to be used when identifying new land application sites.

D. Site management practices relating to, at a minimum: floodplain, slope, depth to ground water, weather
conditions, soil conditions (compaction, permeability, saturated, frozen, snow-covered), site access, and
protection of surface waters, wetlands, endangered species, and underground drinking water sources at
current sites; and operating procedures (e.g., qualified soils consultant, Soil Conservation Service, State
Extension Service) for annual adjustments and for setting site management practices for future sites.

E Buffer zones between biosolids application sites and: surface waters, drinking water wells, drainage
ditches, property lines, residences, schools, playgrounds, airports, public roadways, and any necessary
site-specific buffer zonesfor current sites; and operating procedures (e.g., qudified soil s consultant, Soil
Conservation Service, State Extension Service) for making annual adjustments and for setting buffer
zones for future sites.

F. Storage provision for biosolids during periods when biosolids cannot be land applied.
G. Either Alternative Pollutant Limits, or maximum acceptable annual and total cumulative application rates,

expressed as kilograms per hectare (kg/ha), for (as aminimum) arsenic, cadmium, chromium, copper,
lead, mercury, nickel, and zinc; any other pollutants regulated by the Part 503 rules.
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Maximum acceptable biosolids application rate to assure that the amount applied does not exceed the
nutrient requirements of the particular crop grown on the application site (agronomic rates) for current
year crops, and operating procedures (e.g., qualified soils consultant, Soil Conservation Service, State
Extension Service) for making annual agronomic rate adjustments and for setting agronomic rates for
future sites.

A description of the pathogen treatment, vector attraction control, record keeping, monitoring,
certifications, and notifications as required by the 40 CFR Part 503 regulations.

Reference to applicable regulations (40 CFR Part 503) and procedures the permittee intends to use to
ensure that biosolids practices and limits outlined are followed.

Information described in 40 CFR 501.15(a)(2).

Public notice procedures and procedures for advance notice to EPA (at least 60 days) of proposed new
land application sites.

Procedures, or copies of documents specifying procedures (e.g., contracts) that will be used to ensure
compliance with this permit and applicable regulations if the permittee contracts with others for
assistance to select and/or manage the land application sites itself.

Contingency plans that describe disposal options for any biosolids which do not meet the requirements
for land application or exceeds storage capacity.

A statement (e.g., city ordinance) that the permittee will comply with the Biosolids Management Plan, as
approved by EPA.

A statement that the Plan will be amended to reflect any applicable practices or limits EPA promulgates
pursuant to Section 405 of the Act.

For further information, see EPA Office of Wastewater Management, Environmental M anagement Systems:
An Implementation Guide for Small and Medium-Sized Organizations, available for download at
http://www.epa.gov/owmitnet/wm046200.htm.
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SECTION 2.6 C PUBLIC EDUCATION

A POTW that attemptsto use biosolidsin abeneficial manner may encounter public opposition. Public education
and outreach activities can help to disseminate accurate information, which can go along way toward community
acceptance of biosolids recycling. Below are some resources that may prove helpful.

The Water Environment Federation (WEF) has a Biosolids Recycling Public Awareness Program (see
http://www.wef.org/docs/publicout.html) which describes the importance of biosolids recycling and the
advantages of beneficial use. WEF has devel oped video and information kitsfor usein local campaigns, aimed at
community opinion leaders and the general public. Videos are approximately 12 minutes long and are
individualized by region; the kits contain quotes from local spokespersons, fact sheets, and biosolids brochures.

WEF has other materials available (http://www.wef.org/biosolids.html), including:

Quotes From Expertson the land application of biosolids

Biosolids Technical Bulletin, a bi-monthly technical newsl etter on every aspect of biosolids management
A press release on residuals and biosolids management

Correcting The Case for Caution; a point-by-point critique of the Cornell Waste Management Institute
document

WEF/EPA Biosolids Fact Sheet Project (see below)

Biosolids Recycling Facts

Biosolids Recycling: An Environmentally Sound Way to Put a Valuable Resource to Work for All of Us
Biosolids Recycling: Beneficial Technology for a Better Environment

Biosolids Recycling Public Awareness Program - Biosolids Information Kit

DO OO

OO OO OO

WEF and EPA have a joint Biosolids Fact Sheet Project, which is a compilation of information concerning
biosolids applications or issues. The materials deal with agroup of controversial incidents created when municipa
treatment plant residues were used or considered for use as beneficial resources. The resultant public debate
perhaps did not always serve the interests of accuracy. The fact sheets are as follows and can be downloaded at
http://www.wef.org/docs/biof act:

Biosolids Recycling in West Texas

Biosolids in Southern California

Biosolids in Northern Washington Sate

Biosolids and Miniature Horses in Oklahoma

Can AIDS Be Transmitted by Biosolids?

Biosolids and Bahamian Papaya Crops

Biosolids Application to Forestland in the Pacific Northwest
Biosolids and Lou Gehrig:s Disease

Biosolids Application to Federal Land

[ep BN er BN ev BN o> BN ab B o> B o0 B o Bl @b }

In addition, information sheets are available, entitled Biosolids Radionuclide Information Sheet and Dioxin
I nformation Sheet.
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EPA:s Office of Wastewater Management (http://www.epa.gov/owmitnet/bio.htm) has arejoinder to the 3-part
serieson biosolids aired on CNN in June 1997 entitled AHazardous Harvest) which portrayed biosolids as apoison
to food and animals.

A pamphlet entitled Fertilizing with Biosolids by Dan Sullivan of Oregon State University provides an excellent
summary of theissues, including nutrient information, soil quality, questions and answers, etc. It can be found at
http://wwwagcomm.ads.orst.edu/AgComWEBFile/EdM at/PNW508.pdf. 1t could be an appropriate handout at
public meetings, open houses, etc.

LOCAL PROGRAMS
Many local agencies have public education programs and materials available. Some examples:

C Boulder, CO Dept. of Water Quality & Environmental Services publishes a Waste Newdletter; an issue
concerned with biosolids can be downloaded at
http://www.publicworks.ci.boulder.co.us/depts/utilities/water quality/waste news/'waste 0698.htm

C Harford County, MD has downloadable materials on its biosolids recycling program, including Frequently
Asked Questions and Outstanding in Our Fields at -
http://www.co.ha.md.us/dpw/ws/biosolids.html.

C The University of California Sustainable Agriculture Research and Education Program (SAREP) has a
description of its Information, Education and Outreach Program at -
http://www.sarep.ucdavis.edu/Pubs/ProgressReport/95-97/information.htm.

Some of its activitiesinclude publications, a newd etter, workshops and conferences (including California
Biosolids Conference in 1997), school gardening programs, and outreach directed to farmers and
ranchers.

C King County, Washington Department of Natural Resourceshas participated in King County-s Partnersin
Public Education (PIPE) program: grants from the Water Pollution Control Division provided the impetus
for urban horticultural gardens and tree plantings at area middle schools as well as other projects,
described at http://waterquality.metrokc.gov/pipel/pipe.htm.

C Hampton Roads (VA) Sanitation District has a description of its compost, land application, incinerator ash
recycling, and research and demonstration programs at http:www.hrsd.state.va.us/biosolids.htm. The
District Public Information and Education staff has materials for schools and interested community
members, including video tapes designed for children. Staff scientists, water quality and water treatment
professionas, laboratory staff and others are available to talk with community and school groups. The
Public Information office can be reached at (757) 460-7049; see http://www.hrsd.state.va.us/edu.htm.

BIOSOLIDS Q & A, which follows, is a compilation of commonly asked questions and answers regarding
biosolids and land application, aswell as additional sources for information. Especially helpful in this compilation
were biosolids fact sheets from the Sacramento Regional County Sanitation District and the Rocky Mountain
Weater Environment Association.
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General Biosolids Questions

What are biosolids?

Biosolids are the nutrient-rich organic byproducts of wastewater treatment. Biosolids consist of treated solid,
semi-solid, or liquid residues removed from wastewater during the cleaning process. When solids are initialy
separated from wastewater they are about 99 percent water. Biosolids are produced in several formsincluding a
liquid, arich hydrous soil, a dried pellet or a compost material.

Biosolids are not raw human waste and do not include animal manure, untreated septage, municipal solid waste,
hazardous waste, industrial sludges such as those generated from oil and gas refineries, or grit and screenings
collected during preliminary wastewater treatment.

What isthe difference between Abiosolidsf and Asewage sludge@?

Although often equally interchanged in discussion about wastewater treatment residue, there is a technica

difference between the terms Asewage dudgell and Abiosolids). As wastewater is physicaly and biologically
treated, organic and inorganic compounds are removed. The byproduct formed through this processis called
sewage sludge, and can consist of organic matter, nutrients, dissolved minerals, pathogens and toxic

contaminants. From this point, the sludge is further treated, as required by both Federal and State regulations.
Thistreatment is necessary to remove pathogenic microorganisms and other harmful and excessive constituents
from the sludge. The result of this additional treatment is a nutrient-rich organic material called Abiosolids.f

Wher e do biosolids come from?

Househol ds generate wastewater. When showers are taken, laundry iswashed and toilets are flushed, clean water
is converted into wastewater. Businesses and industries also generate wastewater. Most wastewater, a
combination of soap suds, toilet paper, and organic matter, travels through an extensive plumbing and sewer
system until it reaches the domestic wastewater treatment plant. At the local wastewater treatment plant, the
wastewater is cleaned prior to discharge into ariver, lake or stream.

The by-product of the wastewater treatment process is a natural organic material called sewage sludge. The
sewage sludge is further treated to produce a nutrient-rich organic material called biosolids, suitable for useasa
natural fertilizer and soil conditioner. Biosolids have long been beneficially used by farmers, horticulturists, land
use specialists, and the public throughout the United States and the world. The U.S. Environmental Protection
Agency regulates and encourages the recycling of biosolids through land application.

What are the most common biosolids use and disposal methods?

In the past, the United States primarily disposed of their sewage sludgein landfills, in storage lagoons, dumped the
sludge in the ocean, or had it incinerated. For a variety of reasons, these disposal methods have become less
favorable and the land application of biosolids is being encouraged. Although most of the past disposal methods
arestill used, land application of biosolidsis considered amore desirable option because it returns useful resources
to the land, replenishing the soil with nutrients and organic matter.

Throughout the past 25 years, land application of biosolids has substantially increased, the percentage more than
doubling since 1976. 1n 1995, 54 percent of al biosolids produced in the United States were beneficially used for
land application. Table 1 below displays the progression of land application of biosolids from 1976 to 1995.

Table 2.6-1. Biosolids Disposal Trends (1)
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Management Method 1976' | 1978* | 1981° | 1988* | 1995°
Land Application, composting, heat drying, akaline 25% 31% 42% 48% 54%
stabilization, etc.

Landfill, Surface Disposal in Lagoons 25% 29% 15% 31% 18%
Incineration 35% 22% 27% 14% 19%
Ocean Disposal 15% 12% 4% 5% 0%
Other (Lagoons, etc) 6% 12% 2% 9%
Sources:

1USEPA 1976. Municipal sludge management: EPA construction grants program, an overview of the
sludge management situation EPA 430/9-76-009, MCD-30

2USEPA 1976. Comprehensive sludge study relevant to Section 8002(g) of the RCRA of 1979. SW-802

3Prepared for USEPA by Booze-Allen and Hamilton, Inc. Bethesda, MD

“National Sewage Sludge Survey; Availability of Information and Data, and Anticipated |mpacts on
Proposed Regulations; Proposed Part 503 Rule. FR55 No. 218, November 9, 1990.

°Bagtian, R.K., 1997. The Biosolids (Sludge) Treatment, Beneficial Use, and Disposal Situation in the
USA. European Water Pollution Control 74#2:60-79.

Why not incineration?
Incineration is very expensive and is often not a viable option because of existing air quality.

Why not landfill disposal?

Disposing of biosolidsin landfillsis asafe and viable option, but often not a preferred option. Studies have shown
that the addition of biosolids can benefit the operation of a landfill by increasing the rate of organic matter
decomposition, resulting in more efficient methane gas recovery and improving the quality of leachate collected
from the landfill. However, because landfill spaceis often quite limited, competition with municipal or industrial
solid waste contributors causes landfill disposal to be an expensive option.

Why not ocean disposal?

In 1989, Congress banned the act of ocean disposal of biosolids. Ocean dumping of biosolids was not banned
due to any observed toxic effects of biosolids to marine life, but because it is more logical and beneficia to
promote land application of biosolids. The same nutrients in biosolids that are beneficia on land are considered
pollutantsin water. Land application provides a method for positively utilizing the nutrients present in biosolids,
enhancing and replenishing the soil. However, when the same nutrients are deposited into the ocean, the health of
the marine environment is put at risk. Excess nutrients and organic matter in a waterbody can result in alga
blooms. Theincreased presence of algae can deplete the water of the oxygen necessary to support other aquatic
life. Thisprocessis called eutrophication. Congress properly decided iswas more sensible to halt the dumping of
biosolids into the ocean and use the nutrient-rich substance safely and productively to provide crop nutrients and
improve soil quality through land application.

Where are biosolids land applied?
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In the United States, biosolids have been beneficially used in a number of ways. Biosolids are land applied to
agricultural cropland to enrich the soil with essentia nutrients and organic matter for growing crops such as corn,
soybeans, grains, hay, and pasture and are applied to rangeland. Biosolids are also land applied to non-agricultura
land areas such as forests, parks, cemeteries, golf courses, and land-reclamation sites. Biosolids can even be
applied to individua lawns and gardens.

Land Application to Agricultural Land

Biosolids are land applied to agricultural cropland and rangeland to enrich the soil with nutrients and organic
material. The biosolids act as a natural fertilizer, providing essential nutrients such as nitrogen and phosphorus.
Biosolids are also a valuable soil conditioner, supplying organic matter that improves the soil water retention
among other beneficial effects. To ensure safe levels of nutrient application, biosolids must be applied a arate that
is equal or less than the agronomic rate. Agricultural land application is practiced in nearly every state.
Agricultural land application is a positive and encouraged program because it benefits both the treatment facility,
by providing an environmentally acceptable and cost effective means of solids disposal, and the participating
farmer, who benefits from the improved soil conditions.

Land Application in Forests

Biosolids are land applied in forests to promote timber growth. The application of biosolids has been found to
increase timber growth, allowing for faster and more efficient harvesting and replenishment of an important
renewable resource. Studies at the University of Washington on the use of biosolids as a fertilizer in silviculture
showed height increases of up to 1,190 percent and diameter increases of up to 1,250 percent compared to
controls in certain tree species (11-Environmental Regulations and Technology, AUse and Disposal of Municipal
Wastewater Sludgell, September 1984). Unfortunately, the rough topography of forest land often requires specid
application vehicles for land application, unless the land contains adequate road systems.

Land Application in Parks

Commercial biosolids products are safe and dfective for use as fertilizers and soil amendments in lawn and
garden applications. Biosolids compost has been applied on many public parks and athletic fields, including the
athletic fields of the Los Angeles Dodgers, the California Angels and at the Rose Bowl. Biosolids compost has
also been applied on the White House lawn, lawns at Mount Vernon, the Washington Monument, the Constitution
Gardens on the Washington D.C. Mall and the Governor:s Mansions in Maryland and New Mexico.

Land Application to Redamation Sites

Biosolids are rich in nutrients such as nitrogen and phosphorus, along with other supplementary nutrients in
smaller doses, such as potassium, sulfur, magnesium, calcium, copper, and zinc. The nutrient-rich composition
of biosolids creates an excellent soil amendment for soils that lack in these substances. Through the land
application of biosolids, damaged land can bereclaimed. This practice has been applied to strip-mined land across
North Americaand the world, nourishing and restoring the top soil, enabling vegetation to grow and flourish once
again. Biosolids have also been applied at U.S. Superfund locations nationwide to replenish the cleanup sites.

Land Application to Home Lawns and Gardens

Biosolids in the form of compost can be applied on individual home lawns and gardens. The compost product,
labeled as Class A biosolids, is required to undergo rigorous pathogen destruction treatment to ensure safety for
home use, where direct contact is more likely. The biosolids compost product is often available at participating
local wastewater treatment plants, or at local nurseries and gardening supply stores.

One of the best known biosolids compost products on the market is Milorganite. 1n 1926, the city of Milwaukee,
Wisconsin created a compost product from its heat-dried biosolids and has marketed the product, Milorganite, to
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the public ever since. Other such productsfor sale are Houactinite from Houston, Nitrohumus from Los Angeles,
ComPRO from the Washington, D. C. Suburban Sanitary Commission and MetroGro from Denver.

How does the land application of biosolids affect groundwater pollution?

Cropland application:

The greatest challengein using biosolids for beneficial reuse on crop- and rangeland isto prevent NO3- leaching to
groundwater. As biosolids nutrient value may vary depending on the form (i.e. liquid, dewatered, or dried),
determining the correct agronomic rate remains a challenge.

However, if the agronomic rate is applied under non-irrigated (dryland) cropping in our semi-arid environment
where water table depths generally are over 100 feet deep, the potential for groundwater contamination is
negligible. Under irrigated conditions, if agronomic rates of biosolids based on site specific soil-test and crop-
management information are applied, groundwater contamination with NO3- should not occur. Annual monitoring
of residua soil NO3- N levels will help guard against groundwater pollution.

Can biosolids applied to land contaminate groundwater? Biosolids present no greater threat to groundwater than
animal manures or commercial fertilizers, because biosolids are applied to land at rates that meet the fertilizer
requirements of the crops to be grown. Over many decades, thousands of acres of crop land have successfully
received biosolids applications. In stateswhere water quality monitoring wells are required, the water quality from
these wells has always shown that when biosolids are used at agronomic rates following good agricultural

practices, there is no degradation of groundwater quality attributable to biosolids. Studies show that when
biosolids or fertilizers are properly applied and crops are harvested from the site, there is ho increase in nitrate
concentrations in the groundwater.

As with any incorrectly applied agricultural product, the soluble constituents of biosolids have the potentia to
impact groundwater. The primary concern for groundwater quality associated with biosolids land application is
with nitrate levels. Biosolids are normally applied at an agronomic rate, which means that the crop receives only
the amount of nitrogen it can absorb. During the growing process, the crop takes up the nitrogen, thus removing
the nitrogen from the site when the crop is harvested. Only when more than the agronomic amount of biosolidsis
applied can there be excess nitrogen that eventually will be converted to nitrates, which could migrate to the
groundwater .

Will the metalsin biosolids pollute the groundwater ?

No. Extensive research over many years has found that trace metals are strongly adsorbed or held to the soil and
organic matter added with biosolids and native to the soil. Except under very acidic conditions (pH <5.5) metals
are tightly bound and are neither mobile for leaching to groundwater or soluble for uptake into plants.

Will pathogens end up in our groundwater?

No. Pathogensin biosolids are extremely unlikely to find their way into groundwater. During biosolids treatment,
the concentration of pathogensis significantly reduced and bacterial levels are usually found to be less than those
in manure. Researchers have found that the smallest pathogen, viruses, are very strongly bound to biosolids and
are not easily released even after

rainfal or irrigation.

Will biosolids pollute the groundwater with trace organic compounds and pesticides?

No. Trace organic compounds are rarely found in biosolids prior to land application. Recent studies show that
these organic compounds are highly volatile and are not present in biosolids or the soil long enough to be of
concern for groundwater quality.
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Are monitoring wells needed at application sites?

No. Research over the past 30 years, including the use of lysimeters, shallow wells, and deep wells, have found
that biosolids pose little risk to groundwater quality. It is not necessary to install wells as long as biosolids are
applied at agronomic rates and the site is farmed following normal best management practices.

How is groundwater quality protected from biosolids?

Groundwater buffers of at least 20 feet deep protect groundwater from direct contamination by biosolids. By
applying at agronomic application rates and using biosolids with acceptable quality, the groundwater under the
application site is protected from becoming contaminated by nitrates, pathogens, and trace metals. All wells
provide a potential direct path to groundwater, and have similar buffer requirements regardless of how they are
used (e.g., for irrigation or domestic water supply). A well that has been abandoned may provide adirect path to
groundwater if it has a cracked or nonexistent well casing.

Will the metals in biosolids pollute the groundwater?(l) No. Extensive research over many years has found that
trace metals are strongly adsorbed or held to the soil and organic matter added with biosolids and native to the
soil. Except under very acidic conditions (pH <5.5) metals are tightly bound and are neither mobile for leaching to
groundwater or soluble for uptake into plants.

Groundwater buffers of at least 20 feet deep protect groundwater from direct contamination by biosolids. By
applying at agronomic application rates and using biosolids with acceptable quality, the groundwater under the
application site is protected from becoming contaminated by nitrates, pathogens, and trace metals. All wells
provide a potential direct path to groundwater, and have similar buffer requirements regardless of how they are
used (e.g., for irrigation or domestic water supply). A well that has been abandoned may provide a direct path to
groundwater if it has a cracked or nonexistent well casing.
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Biosolids Regulations

How ar e biosolids regulated?

Regulations governing the beneficial use of biosolids were developed under the authority of the federal Clean
Water Act. The federal Part 503 regulation (40 CFR 503), in conjunction with state regulations, ensure that the
production and use of biosolids is a safe and integral part of this country=s water quality and waste management
programs. The Part 503 sludge regulations detail the comprehensive requirements for the management of all
biosolids generated from the wastewater treatment process. The Part 503 regulation is a comprehensive, risk-
based regulation that protects human health, conservatively based on the Ahighly exposed individual@, and the
environment, including the impact of biosolids on groundwater, air and soil quality and surface runoff. This
regulation was subjected to extensive scientific peer review, public notification, and public hearings across the
nation prior to adoption.

What are the requirements of the Part 503 sludge regulations?

The U.S. Environmental Protection Agency promulgated a regulation at 40 Code of Federal Regulations (CFR)
Part 503 to ensure that biosolids are used or disposed of in away that protects human health and the environment.
Part 503 imposes requirements for avariety of biosolids use or disposal methods, including surface disposal, and
incineration and land application.

The EPA:s Part 503 rule encourages the beneficial reuse of biosolids through land application, and it establishes
strict standards under which wastewater residuals can and cannot be beneficially recycled as soil amendments.
The EPA believes that biosolids are an important resource that can and should be safely recycled. The 503 rule
contains seven basic types of requirements for the land application of biosolids. The seven restriction categories
are general requirements, pollutant limits (metals), operational standards for pathogen and vector attraction
reduction, management practices, frequency of monitoring, record keeping, and reporting. The number of
applicable requirements for land application under Part 503 will depend upon the quality of biosolids being applied,
as well as whether the biosolids will be applied in bulk form or sold or given away in abag or other container for
application to the land. For more information on the Part 503 regulations for land application of biosolids refer to
40 CFR 503, available at alocal library, or available on the internet at http://www.biosolidsinfo.com.

What are the obligations of those involved in land application of biosolids?
The responsihilities of the biosolids producer are to:

T Create biosolids suitable in quality for the intended use.

T Document and certify the quality of the biosolids.

T Maintain records, prepare annual reports, and deliver information as required.
T

Ensurethat all-applicable Federal, state, and local requirements are met when biosolidsare
applied to land, even if other parties are contracted to supply any or all of these services.
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The responsibilities of the biosolids transporter are to:

T

T

T

T

Maintain a fleet of licensed, clean vehicles suitable to the performance needs of the
transportation task.

Select and train qualified, licensed drivers.
Load, deliver, and unload biosolids without creating a nuisance.

Maintain records and deliver information as required.

The responsibilities of biosolids applier are to:

T

T

Know the quality of biosolids provided by the Generator and be certain that it is suitable
for agricultural land application. This encompasses biosolids quality for trace metals,
toxins, pathogens, vector attraction, and nutrients.

Obtain appropriate permits for sites of the biosolids application. Maintain these permits
over the operating life of the site.

Perform appropriate management practices including buffers from neighbors, buffers
from site features such as waterways, control access to the site, and integrate the
biosolids application with the farm operations.

Meet operational standards for pathogen and vector attraction reduction in certain
circumstances.

Apply biosolids to the site in a safe and expeditious manner that benefits the growing
process while not in conflict with weather conditions or potentially threatened or
endangered species.

Monitor the biosolids and the site.

Ensure, document, and certify that the applied biosolids meets all regulatory requirements.

Supply to the land owner and/or |ease holder of the site, information needed for that party
to comply with Federal, State and/or Local permits.

Maintain records, prepare annual reports, and deliver information as required.

The responsibilities of the grower are to:

T

Know the quality of biosolids provided by the Generator and/or Applier and be certain that
it is suitable for use on the Grower=s farm land. This encompasses biosolids quality for
trace metals, toxins, pathogens, vector attraction, and nutrients.

Perform appropriate management practices including buffers from neighbors, buffers
from site features such as waterways, control access to the site, and integrate the
biosolids application with the farm operations.
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T Harvest crops consistent with the requirements established in Part 503 regulations.
T Maintain records, prepare annual reports, and deliver information as required.

What are the penalties for not complying with the biosolids regulations?

Enforcement and penalties for not complying with the biosolids laws and regulations are potentially severe and
may be either civil or criminal. The worst case criminal circumstance for violation of the Clean Water Act occurs
if a person knowingly violates the law and knows that he thereby places another person in imminent danger of
death or serious bodily injury. Upon conviction of such acharge, the violator can be subject to afine of not more
than $250,000 or imprisonment of not more than 15-years, or both. If the violator is a company or municipality
the fine may rise to $1,000,000. If a person is a repeat offender of these provisions, the maximum punishment
shall be doubled. At thistime, there have been no known severe criminal offenses for biosolids mismanagement.

How do the biosdids regulations in the United States compare to European standards? Why do they
differ?

Some European biosolids management standards are somewhat different and more restrictive than United States
standards, especially relating to trace metal concentrations. These differences arise from fundamentally different
approaches to regulating the addition of trace metals to agricultural soils. Several European nations have

formulated their regulations on the basis of preventing trace metals from accumulating above natural background
levels (or current levels) in soils. The United States Part 503 Regul ation uses the approach of alowing application
of trace metals so long as the soil capacity for assimilating, attenuating, and detoxifying is adequate to minimize
the risk to humans, crops, and the environment. The U.S. EPA found this approach to adequately protect public
health and the environment while allowing the beneficia reuse of biosolids for its nutrients, trace elements, and
organic matter.

Arethe metals not currently covered by EPA:=s Part 503 regulation a concern?
No. Extensive research on the quality of biosolids and its interaction with soils and crops shows that the other 58
trace metals are either innocuous, are an essential el ement, or are not present at concentrationsto be of concern.

Why are the 503 standards changing after they were implemented?

The U.S. EPA isrequired by law to maintain an ongoing program to evaluate the effects of pollutants and the
latest research results to determine if any changes in regulations are warranted. Also, from time to time,
organizations sue EPA when they believe EPA:s facts or science areincorrect. These activitiesresult in occasional
changes such as the recent deletion of selenium and molybdenum from certain regulatory tables.

Why does EPA regulate car cinogenic chemicalsin biosolidsat arisk level of 1in 10,000 and pesticides at
1lin 1 million?

U.S. EPA chose arisk level standard of 1 in 10,000 for two primary reasons. First, EPA has some latitude in
choosing risk levels within arange of 1 in 10,000,000 to 1 in 10,000. Choices within this range are a function of
the underlying science, uncertainties, and information bases. EPA chose the lower risk level because the use of
biosolids on farm crops did not show a significant overall risk from its use. Also, when EPA chose to use the
Ahighly exposed individual@ (HEI) as the target for risk assessment, a number of very conservative assumptions
were incorporated into the analysis. For example, in adult cases the individual is expected to use the same garden
or water well for 40% of their food for 70 years continuously, 365 days per year. Because of the conservative
assumptions and the HEI, the effective risk to the general population is 1 in 10,000,000.
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Biosolids M anagement

What are the different forms of biosolids?
Biosolids are produced in several forms, depending upon the percent of total solids. Use of the different biosolids
products will determine the method and timing of land application.

Liquid
Liquid biosolids are a readily flowing product consisting of both solids and water. The percentage of solidsis
usualy between 2-5%, but can be as high as 10% or as low as 0.5%.

Dewatered

Dewatered biosolids are more concentrated than the liquid form. This product is produced by mechanically
removing liquid from the biosolids. The byproduct, dewatered Acakell, usually contains between 16-22% solids,
but can be composed of as high as 40% solids. The use of dewatered biosolids is advantageous because of
reduced hauling and storage costs, and the ability to apply the biosolids at higher application rates with a single
pass of the egquipment.

Air- or Heat-Dried
Dried biosolids are a more concentrated product, the result of air drying or heat drying treatment. The solids
content of this product is typically around 50%.

Compost

Composted biosolids are produced when biosolids are mixed together with a bulking agent such as sawdust or
recycled compost. The mixture isaerated under controlled temperaturesin accordance with Part 503 regul ations.
The solids content of the composted product is usually about 40%.

What are the major methods of applying biosolids?
The method of land application of biosolids will vary, depending upon the form of biosolids used. The land
application method options are discussed below.

Liquid Biosolids

Application of biosolidsinaliquid formisrelatively smple. Dewatering processes are not required, and theliquid
biosolids can be readily pumped. Application systems used with liquid biosolids include vehicular surface
application by tank truck or tank wagon spreading, subsurface application by subsurface injection or disking
methods, and irrigation application by spray irrigation or flood irrigation (gravity flooding). Liquid biosolids are
often injected under surface soil layer to minimize odors.

Dewatered (Cake, Dried, and Composted)

Dewatered forms of biosolids are applied to land by surface application techniques. One method for surface
application is spreading the dewatered biosolids with a truck-mounted or tractor-powered box spreader. This
method spreads the biosolids evenly on theland. Another method for surface application of dewatered biosolidsis
to create large biosolids piles hauled by adump truck. The spreading and leveling of biosolids must then be done
by abulldozer or grader. Upon spreading, the biosolids can then be incorporated by disking or plowing if desired.

2.6-11



BIOSOLIDS REFERENCE SHEET -i

When should biosolids be incor porated into the soil?

The need to incorporate biosolids into the soil depends on several factors. These factorsinclude the potentia odor
of the biosolids, potential vector problems, the site location and the surface water runoff potential of the land
application site. Incorporation is usually accomplished by discing the material into the top few inches (using
standard agricultural equipment).

Can biosolids be applied to flooded, frozen, or snow-covered land?

The Part 503 regulation (40 CFR 503) does not prohibit the application of bulk non-EQ biosolids to flooded,
frozen or snow-covered lands. In the effort to protect surface water from contamination during periods of cold
and frozen conditions, the Part 503 regul ation states that bulk sewage sludge (biosolids) applied to these lands may
not enter wetlands or other waters of the United States, unless specifically authorized by a permit issued under
Sections 402 or 404 of the Clean Water Act.

To prevent biosolids from entering wetlands or waters of the United States, land appliers must ensure proper
runoff control measures arein place. These protective measures include actions such as slope restrictions, buffer
zones, tillage, dikes, and diversions.

Are biosolids application rates regulated?

To avoid overloading the soil with nutrients from biosolids, Part 503 requires that bulk non-EQ biosolids be
applied at aratethat is equal to or less than the site-specific agronomic rate. The agronomic rate is an application
rate designed to provide the appropriate amount of nitrogen needed by the vegetation and yet minimize the amount
of nitrogen that passes below the root zone. Excess nitrogen passing below the root zone could result in nitrate
contamination of the groundwater. The biosolids applier isresponsible for ensuring the biosolids are applied at an
appropriate rate.
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Biosolids Quality Control

Are biosolids classified according to quality?
The Part 503 regulation (40 CFR 503) focuses on three parameters as a basis for determining biosolids quality:

$ The presence of pollutants (arsenic, cadmium, chromium, copper, lead, mercury, molybdenum,
nickel, selenium, and zinc)

$ The presence of pathogens (e.g., bacteria, viruses, parasites)
$ Thebiosolids: attractiveness to vectors (e.g., rodents, flies, mosquitos)

Biosolids that meet the most stringent Part 503 limits for all three above biosolids quality parameters are referred
to as Exceptiona Quality (EQ) biosolids. EQ biosolids are considered to be comparable to other common fertilizer
products. EQ biosolids can be distributed and applied in bulk or sold or given away in abag or other container for
application to agricultural land, forest, public contact sites, reclamation sites, lawns, and home gardens. EQ
biosolids can be applied to sites where the potential for contact with the public is high, such as on urban parkland
or golf courses, without any restrictions.

Biosolids that are classified as EQ meet the following quality criteria

$ Pollutants- Both ceiling concentration limits and
pollutant concentration limits (Table 1 and Table 3, 40 CFR 503.13)

$ Pathogens- One of the Class A pathogen reduction
aternatives (performed by preparer)

$ Vector Attraction- One of the sewage sludge vector
attraction reduction options 1 through 8 (performed by the preparer)

Biosolids that do not meet the most stringent limits for any or al three of the sludge quality parameters (listed
above) are referred to as non-EQ biosolids. For land application of non-EQ biosolids, Part 503 imposes alarger
number and variety of requirements depending upon the degree to which the biosolids quality divergesfrom EQ.
These requirements apply to both the biosolids and the land application site to ensure the same level of protection
for human health and the environment as provided by the EQ biosolids.

Another way of categorizing biosolids is by class. The two biosolids classes, Class A and Class B, indicate the
level of pathogen reduction measures taken. Class A biosolids undergo more extensive pathogen destruction
treatment so they can be used in home gardens, on lawns, in parks, on golf courses and in other places where the
public could comein direct contact. Class B biosolids undergo less rigorous pathogen destruction that allows for
safe application to agricultural fields where routine public contact does not occur.

How variable is the quality of biosolids?

Biosolids and sewage maintain a steady quality level. The quality of biosolidsis slow to change because thereis
not much day to day variation in the characteristics of sewage entering the treatment plant. Also, residual solids
remain in the treatment plant for processing for a minimum of 17 days, which tends to dilute any unusua
characteristics.
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Do pollutants from industrial dischar ges contaminate biosolids?

Contralling pollutants from industrial discharges before entrance into the sewer systems and wastewater treatment
facilities assures that the biosolids generated are acceptable for recycling as a fertilizer or soil conditioner. The
Industrial Pretreatment Program controls potentially harmful industrial discharges by restricting the discharge of
major pollutants into the wastewater collection system, requiring pollutants to be treated or removed at the
industrial plant from which they originate. Effective pretreatment programs have greatly reduced the level of
contaminants in biosolids over the past two decades.

Are biosolids sampled frequently enough to ensure quality and safety?

Sewage, biosolids, and biosolids land application are frequently monitored to assure compliance with federal, state,
and local requirements. Before the biosolids leave the treatment facility, the facility must certify to the U.S. EPA
that the biosolids meet all the applicable regulatory standards. At the land application site, the biosolids applier
must certify that the application meets all regulatory standards, as well. The certifications are backed by the
power of the Federal Clean Water Act, which grantscivil and crimina enforcement capabilitiesin situationswhere
the standards are not being met.
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Benefits of Land Application of Biosolids

How does the application of biosolids benefit the soil?

Biosolids enrich the soil with essential nutrients and organic matter. Biosolids contain many beneficial chemical
constituents, often in both mineral and organic forms. The principal components, nitrogen, phosphorus and
organic matter are significant in promoting plant growth and healthy soil conditions.

Nutrient Enhancement

Biosolids are a valuable source of nutrients for plant growth. Although the amount of nutrients in biosolids,
predominantly nitrogen, phosphorus and potassium, are not as balanced asin commercial fertilizers, the essentia
plant nutrients provide beneficial impacts. Biosolids contain nitrogen in both organic and inorganic forms.
Inorganic forms of nitrogen dissolved in biosolids are readily available for plant uptake. In thiscapacity, biosolids
can serve as a quick-release fertilizer. Organic nitrogen in biosolidsis gradually released through the process of
mineralization and nitrification. This gradua release corresponds with the nitrogen needs of the growing crops,
serving as along-term, slow-release fertilizer. The slow nitrogen release properties of biosolids prevent excess
available nitrogen from seeping into groundwater, a problem that occurs with the overuse of commercial fertilizers
made with inorganic nutrient sources.

Organic Enrichment

Biosolids also add organic matter to the soil. Organic matter induces many beneficial physical, chemical and
biological processesin the soil. The organic matter in biosolids causes soil particlesto form clustersand tiny air
pockets. The air pockets within the soil allow the soil to breathe as well as enable the soil to hold more water.
The increased moisture retention results in decreased soil erosion, decreased surface water runoff and increased
water conservation.

A study performed at Colorado State University concluded that the concentration of soil organic matter increased
from 1.3% prior to biosolids application to 1.9% following application when biosolids were applied for four
growing cycles (totaling 12 dry tons of biosolids applied per acre). This represents an overall organic matter
increase of 46% (or approximately 10% per application).

How does a farmer benefit from land applying biosolids?
Farmers benefit from land applying biosolidsin anumber of ways. Not only are monetary gainsrealized, but also
environmental benefits. These benefits of land application of biosolids to farmers are discussed below.

Increased Profits

Biosolidsaretypically applied and incorporated to suitable fields by the biosolids producer at little or no cost. Asa
result, an immediate and direct cost savingsisreaized. The land application of biosolids creates an opportunity
for increased profitability through greater crop yields, better crop quality, reduced farm chemical use, lower tilling
costs and increased water retention.

An 11-year study of biosolids application to dryland wheat by the Colorado State University Department of Soil
and Crop Sciences showed an average biosolids generated profit of $18 per acre greater than that of anhydrous-
applied areas (based on 50to 60 bl. N./ac. Applied and an average 40 bu./ac. yield). Although much of this profit
was due to the free cost of biosolids fertilizer, asmaller portion was due to the protein premium paid for a higher
grain protein content.

2.6-15



BIOSOLIDS REFERENCE SHEET -i

Another dryland wheat study conducted in eastern Colorado by the Colorado Department of Public Health and
Environment and the Environmental Protection Agency had resulted in an average farmer profit of $16 per acre
greater than anhydrous-applied fields at a 38 bu./ac. yield. These profit gains may be used as a guide to estimate
biosolids-generated profits for differing wheat yields or for other crop and farming applications. Generaly, the
greater the crop fertilizer requirement, the greater the direct profit potential from biosolids use. In addition to
fertilizer savings, tillage cost savings of $5 per acre or more, depending on the type of tillage, may also be realized
by the farmer if biosolids are incorporated at the time of application.

In 1993, a sudy was conducted by the Water Environment Research Foundation, studying crop yields on
biosolids-applied land in Y uma, Arizona. Crop yieldswerefound to be 10 to 85 percent higher than crop yieldson
soils receiving commercia fertilizers

Decreased Erosion and Surface Water Runoff

The land application of biosolids improves erosion control and surface water runoff. The organic matter in
biosolidsincreases the moisture retention of the soil, improving soil tilth, root penetration and soil strength. When
lacking in organic matter, soil becomes compact and water easily runs off, causing both erosion and insufficient
moisture for plant growth. Adding biosolids, which are high in organic content causes soil particles to form
clusters and tiny air pockets. The air pockets within the soil alow the soil to breathe as well as enable the soil to
hold more water.

Decreased Ground Water Seepage

Biosolids contain organic nitrogen that is gradually released with the nitrogen needs of the growing crops, serving
as along-term, slow-releasefertilizer. The slow nitrogen release properties of biosolids prevent excess available
nitrogen from seeping into groundwater, a problem that occurs with the overuse of commercial fertilizers, made
with inorganic nutrient sources.

Improved Crop Quality

It has been found that crops enhanced with biosolids return comparable dryland wheat yields to those of
anhydrous ammonia, but consistently produce a higher grain protein content. An 11-year Colorado State
University study hasshown that biosolids-applied plots produced an average 15% greater grain protein than that of
anhydrous ammonia-applied plots. The higher grain protein may be attributed to the slow release of organic
nitrogen throughout the grain formation stage of the plant.
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Biosolids vs. Other Soil Amendments

How do biosolids compar e to manure?

In the United States the production of manure far exceeds the quantity of biosolids produced. According to the
USDA, the estimated current annual production of manure by confined animals only, primarily cattle, sheep, pigs,
and poultry exceed 61 million dry tons. By comparison, the total annual production of biosolids in the United
States is about 7.7 million dry tons.

Recent data shows that about 50% of al biosolids are applied to land for beneficial purposesincluding agriculture,
turfgrass production, mine reclamation, silviculture, and horticulture. Therefore, the amount of biosolids recycled
annually is comparable to about 3 of the manure produced. A difference between animal manure use and
biosolids recycling is anima manures use is generally unregulated. Application of animal manures is currently
unregulated and can be applied to crop land without treatment to reduce pathogens. Biosolids applications, in
contrast, are carefully regulated and are subject to loading rate restrictions, minimum treatment standards, and
other requirements to ensure protection of human health and the environment.

Thetable below compares animal manure quality to biosolids quality and showsthat they are roughly comparable.
High quality biosolids can have heavy metal concentrations that are comparable to animal manures.

TABLE COMPARING COMPOSITION OF ANIMAL MANURES & BIOSOLIDS
Animal Manures Biosolids Typical Biosolids

Constituent (Unit) Range Range Value
Nitrogen (% dry weight) 1.7-7.8 <0.1-17.6 3.0
Total Phosphorus (% dry 0.3-2.3 <0.1-14.3 15
weight)
Total Sulfur (% dry weight) 0.26-1.4 0.6-1.5 1.0
Calcium (% dry weight) 0.3-8.1 0.1-25 4.0
Magnesium (% dry weight) 0.29-1.0 0.03-2.0 0.4
Potassium (% dry weight) 0.8-4.8 0.02-2.6 0.3
Sodium (% dry weight) 0.07-1.0 0.01-3.1 N. A.
Aluminum (% dry weight) 0.03-0.2 0.1-13.5 0.5
Iron (% dry weight) 0.02-0.19 <0.1-15.3 1.7
Zinc (mg/kg dry weight) 56-566 101-27,800 1,200
Copper (mg/kg dry weight) 16-810 6.8-3,120 750
Manganese (mg/kg dry 23-333 18-7,100 250
weight)
Boron (mg/kg dry weight) 20-143 4-757 25
Molybdenum (mg/kg dry 2-14 2-976 10
weight)
Cobalt (mg/kg dry weight) 1 1-18 10
Arsenic (mg/kg dry weight) 12-31 0.3-316 10
Barium (mg/kg dry weight) 26 21-8,980 N. A.
Cadmium (mg/kg dry weight) <0.1-1.6 <1-8,220 20
Lead (mg/kg dry weight) <1-5.4 0.7-1,670 60
Mercury (mg/kg dry weight) <0.1 0.2-47 1
Nickel (mg/kg dry weight) 5-7 2-976 10
Selenium (mg/kg dry weight) <1 0.5-70 6
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How do biosolids compare to commercial fertilizer?

Biosolids, as well as commercial fertilizer, contain significant amounts of nitrogen (N), phosphorus (P), and
potassium (K). However, the nature of nutrientsin biosolidsis different than those found incommerciad fertilizers.
The nitrogen within commercid fertilizersisin aninorganic form, thusimmediately available for plant uptake and
mobility through leaching. Stabilization of biosolids during waste treatment produces nitrogen in organic forms
that are not available to plants until they are decomposed by soil microorganisms. When biosolids are applied,
microorganisms break down the nutrients and rel ease 10 percent to 50 percent of the organic nitrogen as a plant-
available nitrogen form (ammonium, NH,") in the first year following application. Soil microorganisms rapidly
convert the NH,;" to nitrate (NO5"); plants quickly absorb NOs-; but, it also is mobile in soils, irrespective of
whether it originates from commercial N fertilizer or biosolids. The mobility of NO3™ increases the potential for
groundwater contamination. In essence, biosolids are slow-release nitrogen fertilizers that contain low
concentrations of plant nutrients.

Often times, the physical soil changes resulting from biosolids application are more significant than the plant

nutrients supplied. Biosolids can serve as a source of organic material that improves soil tilth, water-holding
capacity, structure development and stability, air and water transport and ultimately decrease soil eroson potentia.
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Biosolids Safety Concerns

Isthe land application of biosolids safe?

Y es! When consistent with state and federal regulations, the transformation process of wastewater into biosolids
ensures a product that is safe and suitable for land application. Industrial pretreatment controls ensure the
concentrations of pollutants, such as metals and organic chemicals, are limited to very low levels. Treatment
processes at the wastewater treatment plant are effectivein destroying potentially harmful pathogens. Long-term
scientific studies over decades have shown that biosolids recycling is both safe and beneficial.

Questions about the safety of land applying biosolids are common, not only among the general public but also by
government policymakers and the scientific community. In response to the variety of concerns, no other
agricultural practice or product has been subjected to such rigorous scientific assessment and risk evaluation as
biosolids recycling. Scientific opinion about biosolids has evolved over the past four decades as increasing data
has become available from long-term studies. Everything learned to date reinforces the safety and efficacy of
biosolids recycling.

In 1996, the National Research Council (NRC) released a committee report titled Use of Reclamation Water and
Sudge in Food Crop Production. Thereport, following three years of study, examined the adequacy of existing
regulations for pathogens, trace metals, organic compounds, effects on soil, crop, and groundwater plus
economic, legal and institutional issues. The report concluded that when properly treated, municipa sudge
(biosolids) can be both safe and effective for fertilizing food crops. The report declared, AWhile no disposal or
reuse option can guarantee complete safety, the use of these materials [reclaimed water and biosolids] in the
production of crops for human consumption, when practiced in accordance with existing federal guidelines and
regulations, presents negligible risk to the consumer, to crop production, and the environment.f. The NRC report
also noted that there have been no reported outbreaks of infectious disease associated with exposure to adequately
treated and properly distributed biosolids.

The NRC Committee that developed the report included 14 members with experience in soil and crop science,
agricultural engineering, wastewater and solids treatment, soil microbiology, toxicology, ecology, infectious
disease, public health, economics, law and other related fields.

Will the land application of biosolids put farm workers health at risk?

There have been no documented instances of negative human health effects from biosolids when treated and
applied in accordance with state and federal regulations. In fact, there has been no infectious disease outbreaks
among the most exposed and potentially at risk individuals to wastewater and sludge treatment, the wastewater
treatment plant employees.

A five-year comprehensive study by the U. S. Environmental Protection Agency, Ohio State University, Ohio
Farm Bureau Federation, and the Ohio Department of Health was conducted to determine if land application of

biosolids on farmland would increase health risks to rural residents and their livestock. The study consisted of a
health effects study of 47 farms using biosolids compared with 46 control farms not using biosolids. This study
provided adirect evaluation of human health risks from using biosolidsin established |and application programs. It
included health questionnaire surveys and, more importantly, blood testing of the participating farm families,

which provided an objective measure of infection (including sub-clinical infections). Theresultsindicated that the
risks of respiratory illness, digestive illness, infections, and general symptoms of illness were not significantly

different between families living on farms receiving biosolids and those on control farms.
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In an article appearing in the October 1990 issue of BioCycle, Rufus L. Chaney addressed the impact of biosolids
on the human diet. He concluded that biosolids are extremely safe when used in agriculture as a nutrient source
and soil conditioner. Chaney is with the Soil-Microbial Systems Laboratory of Agricultural Research Service,
U.S. Department of Agriculture.

Will the land application of biosolids put animal health at risk?

Although studies on the effects of biosolids on wildlife have been difficult to locate, studies on cattle have been
conducted. Cattle are agood Aindicator@ animal for studies on biosolids because they are known to eat fairly large
amounts of dirt when grazing.

Cattle that had grazed on the Lowry Landfill site near Denver, CO, were studied for the possible effects of heavy
metals and persistent organic compounds. The site had received fairly high applications of biosolids from Denver
Metro Wastewater Reclamation District. The study concluded that Acattle grazing on the s udge disposa sitewere
healthy with no signs of pathology. Analysis of various tissues from these cattle did not show elevated levels of
metals or persistent organics when compared with cattle not exposed to sewage sludge (biosolids)@ (Baxter, 1980)

In the National Research Council 1996 report, Use of Reclaimed Water and Sudge in Food Crop Production, the
subject of uptake of toxic organic compounds by animals was explored. The report states AToxic organic
compounds present in plant tissues (and soil in the case of pastured animals) may be incorporated into animal
tissues. However the low levels of organic compounds to be expected in the aboveground portions of plants
growing at land application sites pose little hazard to animals feeding upon them.(

The report aso discusses the uptake of trace elements by animal's exposed to biosolids. Various studies of grazing
animalsreveaed elevated levels of cadmium and other metalsin the liver and kidneys, but little or no accumulation
within the animal muscle tissue.

Do cropsfertilized by biosolids pose a health risk?

No. The U.S. EPA has established safe limits for land application of biosolids constituents, the subsequent growing of
crops, and the grazing of cattle. These standards ensure the safety of food products, such as meat and milk, if
biosolids are used to grow animal feed.

Can heavy metalsin biosolids build up in crops?

Crops grown on land where biosolids have been applied are safe for human consumption. Regulations are very
specific concerning the types of food crops that can be grown for periods of time following land application of
biosolids. Again, numerous studies by the USDA and others have demonstrated that the consumption of such crops
does not pose a threat to human health. Some plants and crops can absorb certain metals from biosolids. However, it
is important to note that this plant or animal intake is minimal and research studies have established limits on intake
that do not pose a risk to human health.

What type of crops can be grown in fields fertilized with biosolids?

Food processor policies aside, there are five specific regulatory conditions defining the types of crops grown on

biosolids fertilized fields. Growers using biosolids will have to plan their crop rotations accordingly.
1. Do not harvest food crops for 14 months after biosolids land application when
the crop=s harvested portion touches the biosolids-amended soil and the
harvested portion is totally above the land surface, when the pathogen reduction
level is Class B. Food crops are defined by the U.S. EPA as crops consumed by humans. These include,
but are not limited to, fruits, vegetables, and tobacco. Specific crops where the harvested portion may touch
the surface include melons, strawberries, eggplant, squash, tomatoes, cucumbers, celery, cabbage, and lettuce
(U.S. EPA, 1995).
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2. Do not allow animal grazing for 30 days after biosolids land application, when
the pathogen reduction level is Class B.

3. Do not harvest food crops for 20 months after biosolids land application when
the crop=s harvested portion is below the surface of the biosolids-amended soil
and the biosolids remain on the land surface for four months or longer prior to
incorporation into the soil, when the pathogen reduction level is Class B. Specific
crops where the harvested portion is below the surface include, but is not limited to, potatoes, yams, sweet
potatoes, rutabaga, peanuts, onions, leeks, radishes, turnips, and beets.

4. Do not harvest food crops for 38 months after biosolids land application when
the crop=s harvested portion is below the surface of the biosolids-amended soil
and the biosolids remain on the land surface for less than four months prior to
incorporation into the soil, when the pathogen reduction level is Class B.

5. Do not harvest any food, feed, or fiber crops for 30 days after biosolids land
application, when the pathogen reduction level is Class B. Feed crops are defined by the
U.S. EPA as crops produced primarily for consumption by animals, such as hay or feed corn. Fiber crops are
defined by the U.S. EPA as crops such as flax or cotton. Food crops that can be harvested after 30 days after
biosolids application include wheat and corn, because the harvested portion does not normally touch the soil.

How long doestheland need to remain free of food crops once biosolids have been applied? For example:
Alf I plant animal feed thisyear, will | beableto plant cropsfor human consumption next season/year 2@
If the biosolids are Class A with respect to pathogen reduction and meet the other regulatory standards, it is
acceptable to use biosolids and plant food crops next year. If the biosolids are Class B with respect to pathogen
reduction and meet the other regulatory standards, it is unlikely that food crops, other than wheat and corn, will be
planted the next season after fertilizing the soil with biosolids. The minimum waiting period for harvesting food crops
grown above the soil surface yet touch the soil surface is 14-months after biosolids land application. The minimum
waiting period for harvesting wheat and corn is 30 days. Growers that decide to incorporate biosolids into their
operation will have to plan accordingly.

Why isit necessary to limit public access to biosolids land application sites?

Public access is restricted at sites receiving Class B biosolids. Class B pathogen reduction alternatives significantly
reduce but do not eliminate all pathogens. Due to the potential of remaining pathogens, site restrictions must be
imposed to allow time for natural processes to further reduce pathogen levels. Studies have shown (example?) that
these bacteria quickly die-off once exposed to fresh air, heat, light, and soil. As a safety precaution, the U.S. EPA
requires public access to the site be limited for 30 days.

If aland application siteis frequently used by the public or has a high potentia for public contact, public access
must be restricted for 1 year after the Class B sewage dudge is applied.
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Why do some food processors not allow the use of biosolids on crops they receive?

Prior to using biosolids to grow crops for human consumption, growers should determine if the use of biosolids is a
good business decision for them. Not all food processors ban the use of biosolids on crops they receive, although at
this time a majority of processors do prohibit use of biosolids to grow their crops. Some food processors have stated
they will void contracts with growers if it is discovered that biosolids have ever been used on the fields covered by the
contract. From a recent survey conducted by Sacramento Regional County Sanitation District (SRCSD) there are six
reasons why food processing companies find it unacceptable to receive crops grown on biosolids-amended soil.

Market Requirements:

Liability:

Public Perception:

Competition:

Farm land value:

Scientific uncertainty:

Some grocery markets do not approve of the use of biosolids.

There is a perception that the food processor is the only company
legally responsible if a problem arises with food that stems from
biosolids land application.

It is possible that an unfounded public scare could occur that would
have a significant and long-lasting negative effect on the food processor
and growers.

Unless all growers and processors use biosolids, it could be used as a
marketing strategy by a competitor to gain a competitive advantage.

There is a perception that the long-term use of biosolids may impair the
soil and its future value.

There is a perception that it is not yet proven safe to grow

food crops on soils
receiving biosolids.
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Groundwater |ssues

How does the land application of biosolids affect groundwater ?

When properly applied at agronomic rates, biosolids pose little risk to groundwater quality. However, when
applied in exceedance of these rates, potential for groundwater contamination exists. Biosolids, aswell as manure
and commercial fertilizers, contain essentia plant nutrients. When applied at excessive levels, the plantsare unable
to take up al the available nutrients such as nitrogen, and the extra nitrogen can migrate to the groundwater,
usualy in the form of nitrate (NOj3). In states wherewater quality monitoring wells are required, the water
quality from these wells has demonstrated that when biosolids have been applied at agronomic rates and best
management practices followed, no degradation of groundwater quality attributed to biosolids has been observed.
Annual monitoring of soil nitrate levels will assist in the prevention of nitrate contamination of groundwater.

Will the metalsin biosolids pollute the groundwater ?

No. Extensive research over many years has found that trace metalsin biosolids strongly adsorb or cling to the
soil and organic matter present in biosolids and the native soil. Unless soils are extremely acidic (pH<5.5), meta
congtituentstightly bind to the sail, inhibiting mobility for leaching to groundwater and solubility for plant uptake.

Will pathogens from biosolids contaminate the groundwater ?
No. It isextremely unlikely that pathogens from biosolids would end up in the groundwater. During biosolids
treatment, the concentration of pathogensis significantly reduced and bacterial levels are usualy found to be less
than those in manure. It has been found that the pathogens, especially viruses, become very strongly bound to
biosolids and are not easily released even after rainfall or irrigation.

Will biosdlids pollute the groundwater with trace organic compounds and pesticides?

No. Trace organic compounds and pesticides are rarely found in biosolids prior to land application. These
organic compounds are highly volatile. Due to thiscommon property, organic compoundswill not be present in
the biosolids or soil long enough to be of concern for groundwater quality.

Are monitoring wells needed at application sites?

No. Research over the past 30 years, including the use lysimeters, shallow wells, and deep wells, have found that
biosolids pose little risk to groundwater quality. Itisnot necessary to install wells aslong as biosolids are applied
at agronomic rates and the site is farmed following normal best management practices.
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Surface Water Concerns

How does the land application of biosolids affect surface water pollution?

The land application of biosolids, as with other fertilizers or soil conditioners, does pose a potentia threat to
surface waters through contaminated runoff. However, due to the unique properties of biosolids, aswell asthe
strict restrictions regarding application, the potential for surface water contamination from biosolids runoff is
minimized.

In extreme rainfall events, runoff from agricultural land may occur, carrying sediment, nutrients and other
potentially harmful constituents from the biosolids and fertilizer into nearby surface water. A number of studies
have been conducted on agricultural land and grassland to address this concern. One such study found that all of
the concentrations of the measured constituents in the biosolids runoff waters from grassland were below the
EPA drinking water standards and below the recommended levelsfor livestock water (JEQ, 1995). Other papers
observed that each successive runoff event caused areduction in the pollution potential from both organic-based
and inorganic-based fertilizers. The second rainfall event reduced the potentia for problem runoff by 55-80%
(JEQ, 1984).

Severd studies found that the land application of biosolids actually decreased surface water runoff potential. Due
to the organic enrichment of biosolids, application has been found to improve soil structure and stability by
promoting greater infiltration and protection to the soil surface against rain drop impact and associated erosion
(JWPCF, 1979). Researchersfound that under high rainfall conditions (about 4 inches per hour on site slopes up
to 15%), runoff water quality from biosolids sites was of higher quality than for similar sites receiving manure.
Reductions in surface water runoff and erosion were similarly observed and confirmed under simulated severe
precipitation conditions on 10% dopes in USFS/City of Albuquerque trids at the Sevilltea LTER Area (ASAE,
1989).

Arethererestrictions on irrigation for fields fertilized with biosolids?

No. Standard practice is to till biosolids into the soil after application, with the exception of pastures or other
crops that would be damaged by this. 1n these cases, crop stubble holds the biosolids in place until irrigation and
rainfal cause the assimilation of the biosolids into the soil.  Under these conditions there are no irrigation
restrictions.

How can the surface water runoff from biosolids be controlled?

A combination of efforts can be applied to control surface water runoff at biosolids land application sites. Applying
biosolids to the land improves the soil quality, including properties such as water retention capacity and infiltration
rate. These two characteristics increase the soil=s capacity to hold water and prevent runoff more effectively than
before biosolids application. The organic matter from the biosolids also helps protect the soil against raindrop impact
and subsequent erosion. Biosolids are generally applied to flat or gently sloped sites having only a slight potential for
surface water runoff.

As an added precaution, it is required that all land application sites incorporate buffer strips from important features.
Buffers are non-application areas located within a permitted biosolids application site. Buffer zones vary in width from
5 feet to 500 feet, depending on what the buffer zone is designed to protect. Buffer zone widths are determined by
Federal, State, and local regulations, as well as through determinations of specific site suitability.
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Does tilling the soil affect biosolids and surface water runoff?

There are several methods of applying biosolids to farm land including subsurface injection of liquid biosolids, surface
spreading of biosolids followed by disking, or surface spreading of biosolids under a no-till program. Researchers have
found some differences between these different approaches. The least risk potential is with subsurface injection of
liquid biosolids, followed by surface spreading of biosolids and disking, followed by surface spreading of biosolids
under a no-till program.

What types of soils are best and worst for biosolids?

Biosolids can be successfully applied to virtually any agricultural soil with proper design and operation. However,
highly permeable soil €.g., sand), highly impermeable soil .g., clay, although the addition of organic material in
biosolids may help reduce impermeability), or poorly drained soils present special situations requiring additional
assessment and management.

Permeability (a property determined by soil pore space, size, shape, and distribution) refers to the ease with which
water and air are transmitted through soil. Fine textured soils generally possess slow or very slow permeability, while
the permeability of coarse-textured soils ranges from moderately rapid to very rapid. A medium textured soil, such as
a loam or silt loam, tends to have moderate to slow permeability.

Soils classified as very poorly drained, poorly drained, or somewhat poorly drained by the Soil Conservation Service
may be suitable for biosolids application if runoff control is provided. Soils classified as moderately well drained, well
drained, or somewhat excessively drained are generally suitable for biosolids application. Typically, a well-drained soil
is at least moderately permeable. Effective agricultural site selection with respect to soil suitability can target an ideal
soil with the characteristics shown in the table below. The greater the number of properties that depart from ideal
and the greater the degree of departure, the more severely limited the soil is for biosolids application. Many of these
soils can still be used, but management is required to overcome the limitations.

TABLE OF IDEAL SOIL CHARACTERISTICS

Deep, well drained.

Medium textured (silt loam, loam or very fine sandy loam).

Black to very dark brown surface soil.

Brown or yellowish-brown subsoil, no gray matrix, or red/yellow mottles.

No restrictive layers (claypan, fragipan, dense till) in subsoil within 40 inches of ground surface.

No compaction zone beneath the depth of tillage.

Greater than 3% surface soil organic matter content.

Moderate to strong surface soil structure, low shrink-swell potential.

Available water-holding capacity of 12 inches or more.

Moderate to rapid infiltration.

Moderately slow to moderately rapid permeability.

Level to gently rolling land surface, ~3% slopes.

Not on an active floodplain.

Few sites have an "ideal" soil. A soil would be considered ideal for biosolids application if:

C It has the capacity to hold large quantities of water (greater than 12 inches), reducing the potential risk of leaching
to groundwater.

C It has moderate-to-rapid infiltration rates when thoroughly wet, so water or liquid biosolids enter the soil rather
than moving off-site as runoff.

C  Therisk of pathogen contamination of groundwater is extremely low, since the soil does not have a seasonal
high water table within 1 meter (40 inches) of the soil surface.

C It can handle vehicletraffic without compaction during most of the year.

Source: Cogger, et a. 1993
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What are trace metals?
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Trace metals are part of the fundamental building blocks of the earth. Soils, water, and bedrock naturally contain
these elements in varying concentrations. They include metals like arsenic, cadmium, chromium, copper, lead,
mercury, molybdenum, nickel, selenium, and zinc. Trace metals are present throughout the environment including
soils, food, drinking water, humans, animals, plants, and biosolids.

Do Biosolids contain metals?

Yes, hiosolids contain trace concentrations of metals. However, the Part 503 regulations establish alowable
concentrations of such metals, as well as appropriate management practices to ensure metals found within land
applied biosolids will not endanger human health or the environment.

Wher e do these metals come from and how can they be controlled?

The trace metals found in biosolids come from both industrial and domestic sources. In the past, industry was a
major contributor of trace metals. Upon the development of the Industrial Pretreatment Program, levels of metals
in industrial wastewater have decreased significantly.

Domestic metal's contributions originate primarily from common household products. The control of residential
contributions of trace metals to biosolids is accomplished largely through public education and household
hazardous waste collection programs.

Will the use of biosolids contaminate my land with trace metals?

Because trace metals contained in biosolids remain in the soil, their presence at elevated levels was the focus of
the earliest, most detailed research in the area of biosolids land application. The U.S. Department of Agriculture
and many research scientists throughout the country developed concentration standards for trace metals in
biosolids to protect the environment, people, crops, and the animals consuming these crops from overexposure.
Asaresult, the repeated application of biosolidsin accordance with the regulations will not result in land becoming
unsuitable for any existing or future use.

Land applying biosolids may add lead to the soil. How can this be allowed?

The concentration of lead in biosolidsis not significantly different than levelsin manures, other recycled organics,
or loca soils. Recent scientific research has shown that application of biosolidsto land that contains high existing
levels of lead resultsin less overall bioavailable lead. The high level of organic matter and relative neutral pH of
biosolidsimmobilize lead. Rather than a concern about adding metals, biosolids offers the advantage of improving
the soil quality.

For additional information see, Rufus L. Chaney, Environmental Chemistry Laboratory- USDA-Agricultura
Research Service, ARisks Associated With the Use of Sewage Sludge in Agricultured Proceedings 15" Federal
Convention Australian Water & Wastewater Association, Vol. 1; 1993.

Isthere evidence of trace metals buildup in land applied by biosolids?

Trace metals are found in biosolids and a variety of fertilizers and therefore must be monitored. The U.S. EPA

extensively studied the metal topic in completing the national regulatory standards for biosolids. EPA concluded
that when biosolids contain low levels of metals meeting the regulatory standards, the metals are tightly bound to
the soil particles and are not susceptible to movement either into the plant or local waters. EPA aso found that the
metal-binding capacity of biosolids-amended soilslasts for decades after biosolids application is stopped. Adding
biosolids resultsin a permanent improvement in soil quality. The long-term useof biosolidsin accordance with the
regulationswill raise trace metals concentrationsin soil over time but will not affect the wholesomeness or safety
of the crops grown.
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Arethere soil pH standards to ensure metal retention in the soil?

The 503 standards were designed as self-implementing rules to cover al biosolids land application practices. The
plant metal uptake values used to establish the regulatory limits included data from acidic, neutral, and alkaline
soils representing a broad spectrum of field conditions and safety. EPA concluded that it would beill advised and
unnecessary to require soil pH control due to avariety of mechanisms that offer protection to the environment,
crops, and humans. Two major factorsinclude the soil-plant barrier concept developed by USDA researchers and
the fact that plant toxicity isaconcern at low pH irrespective of the metals source. If afarmer or home gardener
desires even moderate success under low pH conditions, they would need to at least add some lime to obtain
reasonable crop yields. This results in a self-regulating and protective mechanism.
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Pathogens and Vector Attraction Reduction

Pathogens

What are pathogens?

Pathogens are microorganisms that cause disease. Pathogens associated with sewage and biosolids include
bacteria, viruses, protozoa, and helminth. Pathogens, often referred to as germs, are very small organisms most
often invisible to the unaided human eye.

Bacteriaexist everywhere in our environment. Some bacteriaarecrucial to human life, while some others can be
quite harmful, even deadly, to humans and other animals. A well known bacterium is Salmonella, a potentially
fatal bacterium often associated with chickens. Viruses are distinctly different from other pathogens because
although they will remain virulent for a time, they are unable to reproduce outside the living cell they infect.
Viruses are responsible for numerous human diseases including the common influenza. Protozoa can occasionally
be found in drinking water, raw or under cooked food (especialy pork), or on contaminated food preparation
surfaces. Helminth are usually in the form of tapeworms and roundworms, organisms frequently found in dogs,
cats, and rats.

Wher e do pathogens come from?

Pathogens live in essentidly al warm-blooded mammals, including al healthy and ill humans, domestic animals,
livestock, and wildlife. The pathogens are released by mammals through feces. Wastewater contains pathogens
from human feces, collected through sanitary sewers or septic tanks. Pathogens from other animal sources may
enter wastewater treatment plants, lakes, streams, or groundwater sources through stormwater runoff.

How are we protected from pathogens?

Pathogenic microorganisms generally do not survive well outside of the body of their host. The ideal environment
of these microorganisms matches that of the warm, protected, fluid inside of a mammal. Most pathogens are
vulnerable, with little defense against exposure to disinfecting chemicals (e.g. acids or bleaches), heat, light, or
dryness. Each pathogen has a unique response and survival time to these hostile conditions. The wastewater
treatment process, in addition to Part 503 pathogen restrictions ensure protection from pathogens in biosolids.

Arethere pathogensin biosolids?

Yes. Biosolids are a product of the wastewater treatment process. One of the primary functions of wastewater
treatment is to protect public health from potentially harmful germs. Many pathogens are destroyed during the
collection and biological treatment of wastewater, and most of the remainder through the solids treatment process.
It is important to note that pathogens cannot multiply outside of living hosts. For example, the AIDS virusis
transferred only through intimate body contact with transfer of body fluids and the virus has never been found to
survive the wastewater treatment process.

How are biosolids treated to kill pathogens?

The presence of pathogens in wastewater and the biosolids resulting from wastewater treatment requires
treatment of these solids to reduce any remaining pathogens to a safe level before beneficial reuse. Municipal
wastewater treatment includes awide variety of processes to kill germs. The resulting productsChiosolidsCare
then safely recycled as organic fertilizer, soil enhancements, or construction materials.

Depending on the amount of treatment received by the biosolids, the resulting products are classified as either
Class A biosolids or Class B hiosolids. Class A biosolids are treated to agreater degree than Class B biosolids and
are safe for direct human contact (e.g. bagged compost). Class B biosolids are treated to a safe level but do
reguire compliance with land and crop use restrictions.
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Commonly used treatment methods include:

1. Digestion- anaerobic (without oxygen) or aerobic (in the presence of oxygen) breakdown of
wastewater solids at elevated
temperatures that kill pathogens.

2. Composting- aerobic breakdown of wastewater solids at elevated temperatures that kill pathogens.

Composting combines biosolids with wood chips, bark, and other organic matter.

3. Heat Drying- use of heat to dry the biosolids (elevated temperatures and lack of moisture effectively

destroy pathogens).

4. Chemical Stabilization- use of alkaline (high lime) or other chemicals to create an environment that

destroy pathogens.

Is the absence of fecal coliform areliable indicator of the absence of other pathogens?

Yes. Although there is a great diversity of germsin the environment, it is possible to monitor a few germs that
indicate the presence or absence of fecal matter. Fecal coliform bacteria are one of several bacteriaused to judge
the sanitary quality of water, wastewater, and biosolids. Monitoring all pathogenic microorganismsisimpractical
due to very large number of different germs. Not al pathogens respond the same way in the environment and
therefore it is important to evaluate a range of pathogens.

What data are available regarding health related problems relating to sludge application?

The National Academy of Sciences: National Research Council report onAUse of Reclaimed Water and Sludgein
Food Crop Productionf (1996), AThere have been no reported outbreaks of infectious disease associated with a
populatiores exposure- either directly or through food consumption pathways- to adequately treated and properly
distributed reclaimed water or sludge applied to agricultural land.f The report also notes that since there are many
sources of infectious disease agentsother than the use of reclaimed water or biosolids, such as prepared food and
person-to-person contact, the potential added exposure to pathogens from the proper recycling of these materials
is Aminuscule compared to our everyday exposure to pathogens from other sources.(

What isAIDS?

AIDS stands for Acquired Immunodeficiency Syndrome. AIDS is the disease that results from Human

Immunodeficiency Virus (HIV) infection. HIV infection occurs when the virus invades a human and attacks and
destroys T, cells in the bloodstream. AIDS is the disorder of the human immune response system caused by this
depletion of the T, cells. Losing T, cells means that the person is not able to fight off other infections, thus the
concept of acquiring a deficiency in disease immunity.

T, cells are an important type of cell in the normal immune response system of humans. The complex human
immune system uses two types of cellsto detect and fight disease. The T-cells are the controllers and regulators
of the immune system (managers) while the B-cells are the factories producing antibodies (workers). Antibodies
are humarnes natural defense mechanism against bacteriaor their toxins. In the case of AIDS, the depletion of T,
cells causes the immune system to not detect a potential disease-causing bacteria or toxin, nor trigger B-cell
production of disease fighting antibodies. The blood stream is left defenseless against infection.

Can AIDS be transmitted by biosolids?

No. Scientists have conducted thousands of tests on wastewater, biosolids, raw feces, and urine attempting to
find HIV. No HIV has ever been recovered from samples during these tests. Scientists have even seeded HIV
directly into these samples and discovered that HIV cannot survive. Scientists have learned that HIV cannot
survive in tap water, wastewater, or biosolids.
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It is helpful to think of HIV as a parasite. It cannot survive or reproduce without ahost cell, specificaly alimited
number of cellsin human blood containing one particular protein. Researchers have learned that HIV loses its
infectivity within hours of leaving the body. Research shows the virus expires very quickly after introduction to
water, and that it does not regain its potency. Neither feces or urine, the human wastes most common in sanitary
sewer systems, appear to carry HIV. The human body fluids known to carry relatively high concentrations of the
virus, blood, semen, and vaginal fluids, are released in small quantities to sewers and are diluted by much larger
flows of water. Commercial and industrial materialsin the sewers are toxic to HIV, and are likely to destroy the
virus. The average sanitary sewer, wastewater treatment facility, and biosolids land application operation provides
an environment so hostile to even the most persistent virus that survival is virtualy impossible.

Can biosolids carry AIDS to animals which might transmit the disease to humans?

No. Thereisvirtualy no chance that HIV would survive the trip from the household or other sewer user to the
wastewater treatment plant. If HIV did survive, the chances of survival end with the treatment, storage, and
transportation of the wastewater and biosolids. Animals grazing or passing through biosolids land application sites
will not come in contact with HIV. HIV cannot survive outside the host body for more than 72 hours and is
infectious for even shorter time periods. A typical biosolids component has existed for over 550 hours from the
timeit is released by a human until it arrives at a biosolids land application site.

Can biosolids cause AIDS?

Summary:

It has been demonstrated that conventional wastewater and biosolids treatment process are capabl e of reducing
the populations of pathogens in general, and viruses in particular, to levels which are considered to be safe by
various public health agencies. Demonstration of the efficiency of conventional treatment processesin destroying
HIV has not been made due to the apparent inability of HIV to survive conditions typical of domestic sewage.

I ssue:

Concerns over the pathogenicity of biosolids are frequently raised by landowners, producers, and the public in
discussions of land application. Biosolids may contain avariety of viable pathogens dependent upon the type and
efficiency of biosolids treatment processes. Federal requirements at 40 CFR Part 503 identify biosolids treatment
reguirements which have been developed to reduce exposure to pathogensin biosolidsto levelsthat are safe. But
do these criteriaadequately address disease-causing organi sms which have recently become public health issues,
specifically the AIDS virus?

Anaysis.

The presence of various disease-causing organismsin sewage has been widely documented. Pathogensin sewage
may include bacteria, viruses, and parasitic protozoa and helminth. Pathogens are present in varying amountsin
raw sewage, dependent upon the overall health and age of the population served by the wastewater treatment
facility. Wastewater and biosolids treatment processes destroy pathogens to varying levels. State and federal

regulations address issues of potential disease transmission through biosolids treatment processes and by requiring
monitoring to document pathogen destruction. Biosolids may be treated to one of two levels of pathogen

destruction. Treatment to Class A requirements produces a biosolids in which pathogen popul ations are reduced
to minimal levels. As such, the risk of contagion is also minimal, and is indistinguishable from the indigenous
population. Class A biosolids, assuming applicable contaminant limitation are also met, may be used without the
imposition of additional regulatory restrictions. Biosolidstreated to Class b levels may contain limited number of
pathogenic organisms. Class B biosolids must therefore be used in accordance with regulatory criteriaapplicable
to control of public access to the application site and cropping and/or grazing restrictions. Theserestrictionsare
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intended to assure that any risk of disease transmittal associated with the use of Class B biosolids is minimized.

It is important to note that epidemiologica studies of the health of workers at municipal wastewater treatment
plants, as well as people living in areas surrounding treatment facilities, have demonstrated that there is no
increased risk of disease transmission associated with proximity to biosolids. These findings are supported by
studies of the health of families living on farms where biosolids are used. Nonetheless, concerns over Acquired
Immune Deficiency Syndrome (AIDS) have caused health officials © re-evauate the adequacy of existing
regulatory controls in safeguarding both wastewater professionals as well as the public against the possibility of
biosolids-related exposure to the AIDS virus.

Transmission of Human Immunodeficiency Virus (HIV), the causative agent of AIDS, has been shown to result
from sexual contact, from sharing of needles by intravenous drug users, from transfusion of contaminated blood
or blood by-products, and perinatally, by mother to fetus. HIV is a blood-borne virus which cannot multiply
outside of aviable host cell. Transmission of the virus from an infected individual therefore requires that either
blood or bodily fluids containing blood cells or T-cells, which are blood like cells found in semen, be introduced
into the receptor bloodstream. Thereis a potential for blood or other contaminated material to be discharged to
the sanitary sewer system. The issues which therefore must be addressed include the concentration and
survivability of thevirusin wastewater, as well asthe efficiency of the wastewater and solids treatment precesses
in inactivating any virus which might be present.

As noted earlier, HIV cannot replicate itself outside of an infected host. Therefore, there is no potentia for
multiplication of the virus once it is discharge into the wastewater collection system. The Center for Disease
Control (CDC) reports that HIV in infected individuals is found at concentrations of 1 to 1,000 virus/ml blood.
This compares to 1,000,000,000 virus/ml blood in individuasinfected with the Hepatitis B virus (HBV), asimilar
blood-borne pathogen. The potential quantity of HIV which may be discharged to a sanitary sewer system is
therefore much lower than for similar blood-borne viral diseases. The absence of any instance of water-borne
hepatitis infection among wastewater workers, despite exposure to that virusin much greater concentration than
HIV, has led the CDC to conclude that there is no possibility of water-born transmission of the AIDS virus.

The ability of HIV to survive in wastewater appears to be minimal. Researchers have demonstrated that HIV,
when seeded into a non-chlorinated wastewater sample and cultured under [aboratory conditions, may survivefor
aperiod of some 12to 48 hours. The research suggests, however, that although the virus may survivein waster
for aperiod of time, it does not retain itsinfectivity. HIV and other viruses are enclosed in acomplex protein/lipid
envelope which must remain intact for the virus to remain infectious. Researchers believe that unfavorable
osmotic pressure caused by dissolved solids in wastewater disrupts the membrane, thereby causing the virusto
lose its capability to infect target cells. Additionally, both chlorine and ammonia, chemical constituents typically
present in tap water and wastewater, respectively, have been demonstrated to be effective virucides. Moreover,
the virus as never been recovered from wastewater samples into which it has not been artificially introduced.
Researchers have recovered viral nucleic acid fragments in wastewater which have tentatively been identified as
HIV-specific RNA or DNA sequences. This analytical method, polymerase chain reaction (PCR) amplification,
has not detected similar fragments in biosolids. The nucleic acid sequences detected do not represent the
presence of viable HIV. Again, no intact HIV have been recovered from either raw sewage or from biosolids.
Thisresearch further supports CDC:s contention that wastewater treatment professionals, aswell as members of
the public who may contact wastewater or biosolids, are not at risk of contracting AIDS as a result.

The apparent inability of HIV to survive in wastewater under typical conditions precludes any demonstration of
the efficiency of wastewater or biosolids treatment precessesin inactivating HIV. Other virus, however, are often
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present in raw primary and secondary sludge. The efficiency of biosolids treatment processes may be quantified
by monitoring those pathogens.

There are a variety of treatment processes avail able which, when operated in compliance with federal and state
regulatory criteria, produce biosolids which are essentialy pathogen-free. In the Rocky Mountain Region,
composting is the most widely utilized treatment option capable of achieving this level of pathogen reduction.
Pathogen virus are in capable of surviving the elevated temperature attained in the composting process. Other
options may include either air drying for an extended period or accelerated drying by heating the biosolids.
Desiccation of the virusis aso an effective method of viral inactivation. Increasing the pH of the biosolids with
lime or other akaline materia has also been demonstrated to be an efficient method of eliminating virus from
biosolids.

Class B biosolidstreatment processestypically involve either aerobic or anaerobic digestion. Aerobic digestioniis,
under certain circumstances, capable of producing a Class A biosolids product. Thisrequiresthat the digester be
designed to operate at temperatures which are higher than typical for thistype of system. Thiskind of treatment,
known as autothermal aerobic digestion, is not currently in use. Typical aerobic and anaerobic digestion is
capable of producing a 0.5 to 2.0 log reduction in virus densities. This compares to the 4.0 log reduction that a
properly operated Class A system may achieve. Lagoon systemswill typically exhibit the lowest efficiencies for
common wastewater treatment plants. Monitoring of indicator organisms in lagooned biosolids, however,
typicaly indicated reductions in pathogen populations to Class B levels. It is important to note the indicator
organisms are selected, in large part, because their susceptibility to removal or destruction during trestment isless
than that of t pathogenic organisms. The use of indicator organisms as indicators of pathogen destruction
efficiency is therefore a conservative approach because pathogen destruction will always be underestimated.

Although there has never been a documented instance of disease transmission resulting from biosolids use, even
prior to the imposition of rigorous treatment requirements, there remains the need to impose additional use
requirements on Class B biosolids products. Federa and date regulations therefore require a variety of site
management restrictions that ensure environmental stresses after the biosolids are applied to land will destroy any
remaining viable virus or other pathogen.
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Vector Attraction Reduction

What are vectors?

Vectors are organisms that carry pathogens from one host to another. Pathogensin biosolids may pose adisease
risk when in contact with humans or other susceptible hosts. V ectorsinclude flies, mosguitoes, rodents, pets, and
birds. Vectors can transmit pathogens to humans through direct contact such as bites.

Will biosolids attract flies, rats, or birds?

Generally biosolids do not provide an attractive environment for flies, rats, or birds. These creatures are attracted
to afood supply, pungent odors, acomfortable habitat, or awater source. Regulatory standards published by the
U.S. EPA require significant treatment and reduction of volatile solids and odor-causing components in biosolids
prior to its land application. Special management practices are required for land application of certain types of
biosolids to prevent any additional risk of attracting vectors. Meeting these standards minimizes favorable
conditions for vectors and protects public health and the environment.

HOw ARE BIOSOL DS TREATED AND MANAGED TO LESSEN VECTORS?

THE U.S. EPA REQUIRES USE OF ONE OF TEN TECHNIQUES TO REDUCE VECTOR ATTRACTION PRIOR TO LAND
APPLICATION OF BIOSOLIDS. THESE TREATMENT AND MANAGEMENT OPERATIONSPARALLEL THE PROCESSES
USED IN REDUCING PATHOGENS THE TREATMENT OPTIONSINCLUDE AEROBIC DIGEST ION, ANAEROBIC
DIGESTION, COMPOSTING, LIME STABILIZATION, HEAT OR AIR DRYING. MANAGEMENT OPERATIONSINCLUDE
INJECTING OR DISKING BIOSOLIDS INTO THE SOIL TO PREVENT ANY EXPOSURE OF THE MATERIAL TO LIKELY
VECTORS

BIOSOLIDS PRODUCED BY THE SACRAMENTO REGIONAL COUNTY SANITATION DISTRICT ARE TREATED BY
ANAEROBIC DIGESTION TO SATISFY THE U.S. EPA VECTOR ATTRACTION REDUCTION REQUIREMENTS THE
DIGESTION PROCESS TYPICALLY REDUCES THE VOLATILE SOLIDS CONTENT OF THE SACRAMENTO COUNTY
BIOSOLIDS BY 50 PERCENT OR MORE, WELL IN EXCESS OF THE 38 PERCENT MINIMUM REDUCTION REQUIRED BY
THE U.S. EPA.

TRACE ORGANICS:

WHAT ARE TRACE ORGANICS?

TRACE ORGANICS ARE CHEMICALS BASED ON CARBON COMPOUNDS. MOST ORGANIC CHEMICALSARE VERY COMPLEX
AND HIGHLY TECHNICAL. SOME EXAMPLE CLASSES OF ORGANIC CHEMICALSTHAT MAY APPEAR IN WASTEWATER
ARE SOLVENTS PAINTS PESTICIDES, CHORINE DISINFECTION BYPRODUCTS AND POLYCHLORINATED BIPHENYLS
(PCBS). TRACE ORGANICS SUCH AS HALOGENATED HYDROCARBONS, BENZO(A)PYRENES, DITNETHYL NITROSAMINES
AND NON-HALOGENATED ORGANIC PESTICIDES APPEAR TO POSE THE GREATEST RISK TO HUMAN HEALTH. THEU.S
EPA HAS IDENTIFIED A NUMBER OF ORGANIC CHEMICALS WITH POTENTIAL TOXICITY TO HUMANS, ANIMALS,
PLANTS AND THE ENVIRONMENT. THIS LIST OF COMPOUNDS, ORIGINATED IN 1976, ISKNOWN AS THE PRIORITY
POLLUTANTS MANY OF THE CHEMICALS OF THE PRIORITY POLLUTANT LIST HAVE EEEN BANNED FROM

MANUFACTURE OR USE IN THE UNITED STATES.

WHERE DO ORGANIC CHEM ICALSIN WASTEWATER COME FROM?
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ORGANIC CHEMICALS FOUND IN WASTEWATER COME FROM BOTH INDUSTRIAL AND DOMESTIC SOURCES ORGANIC
CHEMICALS ARE WIDELY USED THROUGHOUT THE INDUSTRIAL COMMUNITY. HOWEVER, OFTEN TIMES THESE
ORGANIC CHEMICALS ARE REMOVED BEFORE ENTERING INTO THE WASTEWATER COLLECTION SYSTEM, DUETOTHE
INDUSTRIAL PRETREATMENT PROGRAM. THE PRESENCE OF MANY POTENTIALLY TOXIC ORGANIC CHEMICALSHAS
ALSO GREATLY DIMINISHED DUE TO BANS OR LIMITATIONS ENACTED BY THE U.S. EPA. FOR EXAMPLE, THE EPA
HASBANNED PCBS AND CERTAIN PESTICIDES, AND HAS PLACED STRICT LIMITATIONS ON THE EMISSION OF DIOXINS
INTO THE ENVIRONMENT. [INDUSTRIAL SOURCES OF ORGANIC CHEMICALS IN WASTEWATER INCLUDE
MANUFACTURING FOR USE IN AGRICULTURE OR HORT ICULTURE, INCOMPLETE BURNING OF OIL-BASED FUELS WATER
AND WASTEWATER DISINFECTION AND SOLVENTS HOMEOWNERS CAN ALSO CONTRIBUTE TO ORGANICCHEMICALSIN
WASTEWATER. PAINTS SOLVENTS CLEANERS, LAWN FERTILIZERS AND PESTICIDES ARE ALL DOMESTIC SOURCESOF
ORGANIC CHEMICALS THAT END UPIN THE WASTEWATER COLLECTION SYSTEM.

ARE THERE TRACE ORGANICS IN BIOSOLIDS?

YES, TRACE ORGANIC CHEMICALS MAY BE FOUND IN BIOSOLIDS. THE OCCURRENCE OF THESE CHEMICALSIN BIOSOLIDS
DEPENDS ON THE NUMBER AND KIND OF INDUST RIES AND HOMEOWNERS DISCHARGING WASTES INTO THE SEWER
SYSTEMS STUDIES HAVE SHOWN THAT THE OCCURRENCE OF HARMFUL TRACE ORGANICS IN BIOSOLIDS, SUCHAS
PRIORITY POLLUTANTS ISVERY RARE, GENERALLY AT LEVELS NOT EVEN DETECTABLE BY LABORATORY ANALYSS

ARE BIOSOLIDSTO XIC OR HAZARDOUS TO HEALTH ?

NO. BIOSOLIDS MUST BE NON-HAZARDOUS IF APPLIED TO LANDS OR PUT INTO COMPOST . THERE IS NO EVIDENCE
THAT SUGGESTS THAT LAND APPLICATION OF PROPERLY TREATED AND MANAGED ISHAZARDOUSTO HEALTH. IN
ADDITION, THERE HAVE BEEN NO REPORTED OUTBREAKS OF FOODBORNE DISEASE LINKED TO BIOSOLIDS IN THE
UNITED STATES.

THERE ARE A FEW MAIN MECHANISMS PROTECTING PUBLIC HEALTH AND THE ENVIRONMENT FROM POTENTIAL RISK
DUE TO ORGANIC CHEMICALS THE FIRST MECHANISM IS REGULATORY CONTROLS. BECAUSE OF REGULATORY
REQUIREMENTS THE CONCENTRATION OF ORGANIC CHEMICALSIN BIOSOLIDS ARE EXTREMELY LOW, AND OFTEN
TIMES UNDETECTABLE BY LABORATORY ANALYSIS THE OTHER MECHANISMS ARE RELATED TO THE FATE AND
TRANSPORT OF TRACE ORGANICS WHEN BIOSOLIDS ARE LAND APPLIED. WITHIN HOURS OF APPLICATION, MANY
ORGANIC COMPOUNDS WILL BE BROKEN DOWN OR DESTROYED BY VOLATILIZATION, BIODEGRADATION, CHEMICAL
OXIDATION, OR PHOTOLY SIS OTHER ORGANICS MAY BECOME IMMOBILIZED BY ADSORPTION TO SOIL PARTICLES,
GREATLY MINIMIZING THE POTENTIAL FOR PLANT UPTAKE OR SURFACE AND GROUNDWATER CONTAMINATION.

FOR INFORMATION ON SCIENTIFIC ST UDIES RELATING TO ORGANIC CHEMICALS IN BIOSOLIDS, SEE THE NATIONAL
ResEARCH CoOUNCIL'S "UseE OF ReCLAIMED WATER AND SLUDGE IN FOOD CROP PRODUCTION", A REPORT
PUBLISHED IN 1996.

WHAT BECOMES OF STRONG HOUSEHOLD CLEANING COMPOUNDS AND PRODUCTSLIKE DRAIN CLEANER?

2.6-34



BIOSOLIDS REFERENCE SHEET -i

WHEN HOUSEHOLD CLEANING PRODUCTS AND OTHER COMPOUNDS ARE RELEASED, SEVERAL EVENTS OCCUR
THROUGHOUT THE TRANSPORT , TREATMENT AND DISPOSAL PROCESSES. THESE CHEMICALS ARE RELEASED INTOTHE
SEWER SYSTEM IN COMPARATIVELY SMALL QUANTITIES AND ARE DILUTED WITH THE OTHER WASTEWATER
FLOWING TO THE TREATMENT PLANT. THROUGHOUT THE TRANSPORT SYSTEM, MANY ORGANIC CHEMICALS ARE
BROKEN DOWN DURING PASSAGE. UPON ENTRANCE INTO THE TREATMENT SYSTEM, WASTEWATER, RESIDUAL
SOLIDS, AND ANY ORGANIC CHEMICALS GO THROUGH AN EXTENSIVE SERIES OF TREATMENT STEPS THESE
TREATMENT STEPS CAN INCLUDE AEROBIC AND ANAEROBIC PROCESSES, AGITATION, OXYGENATION, AND SETTLING,
ALL OF WHICH CONTRIBUTE TO THE DESTRUCTION OF THE TRACE ORGANICS BY THE END OF THE TRANSPORT AND
TREATMENT PROCESS, VERY FEW, IF ANY, ORGANIC CHEMICALS REMAIN IN THE BIOSOLIDS. |F THE BIOSOLIDS DO
CONTAIN TRACE ORGANICS THE POTENTIALLY TOXIC EFFECTS OF THESE COMPOUNDS WILL BE MITIGATED UPON
LAND APPLICATION.
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DioxINs:

WHAT ARE DIO XINSAND ARE THEY IN BIOSOLIDS?

DIOXIN IS A COLORLESS, ODORLESS ORGANIC COMPOUND CONTAINING CARBON, HYDROGEN, OXYGEN AND CHLORINE.
DIOXIN ISA GENERIC TERM USED TO DESCRIBE A BROAD FAMILY OF CHEMICALS THAT DIFFERFROM ONEANOTHERBY
THE LOCATION, AND NUMBER OF CHLORINE ATOMS IN THE MOLECULE. THERE ARE 2 10 POSSIBLE VERSIONS OF THE
COMPOUND IN THE DIOXIN FAMILY.

DIOXINS ARE PRODUCED DURING THE MANUFACTURE, COMBUSTION, OR DEGRADATION OF PRODUCTSCONTAINING
CHLORINE. THE LARGEST SINGLE SOURCE OF CHLORINE USE IN MANUFACTURING IS IN THE PRODUCTION OF
POLYVINYL CHLORIDE PLASTICS (PVC). OTHER SOURCES OF DIOXIN INCLUDE CHLORINATED SOLVENTS FESTICIDES
INORGANIC CHEMICALS, ORGANIC CHEMICALS, METALLURGY , AND VEHICLE FUEL. IN A RECENT ANALYSIS OF THE
DIOXIN EMISSIONSIN THE SAN FRANCISCO BAY AREA, IT WASREVEALED THAT 69% OF DIOXIN EMISSIONS WERE
FROM VEHICLES, 15% WERE FROM RESIDENTIAL WOOD BURNING, AND 16% FROM ALL THE REMAINING
MANUFACTURING AND INCINERATION OPERATIONS,

BECAUSE DIOXINS ARE LARGELY PRODUCED BY COMBUSTION, THEY ARE PRESENT THROUGHOUT THE ENVIRONMENT.
MOST RESIDENTIAL AND AGRICULTURAL SOILS FOR EXAMPLE, CONTAIN DETECTABLE LEVELS OF DIOXINS DIOXINS
ARE ALSO FOUND AT EXTREMELY LOW CONCENTRATIONS IN BIOSOLIDS, OFTEN COMPARABLE TO BACKGROUND
DIOXIN LEVELSIN SOILS DIOXINS ARE NOT CREATED IN THE WASTEWATER OR BIOSOLIDS TREATMENT PROCESSES
HOWEVER, THE PROCESS OF TREATING WASTEWATER COLLECTS DIOXINS ALREADY EXISTING IN THE ENVIRONMENT
FROM OTHER SOURCES

PH CHANGESAND SALINITY CONCERNS:

WILL THE LAND APPLICATION OF BIOSOLIDS CAUSE EXCESSIVE SALT ACCUMULATION IN THE SOIL?

THERE HAVE BEEN CONCERNS AMONG AGRICULTURAL PRODUCERS REGARDING THE EFFECTS OF BI OSOLIDS ON SOIL
SALINITY. SIMILAR TO IRRIGATION AND FERTILIZER APPLICATION, BIOSOLIDS APPLICATION CAN CAUSE EXCESS
SALINITY IN THE SOIL. UNLESS SALTS ARE REMOVED FROM THE ROOT ZONE OF THE CROPS BY PLANTSORLEACHING,
THEY ACCUMULATE AND CAN REACH LEVELS THAT WILL PREVENT GROWTH OF PLANTS EXCEPT FOR THE MOST
SALT TOLERANT. BECAUSE OF THE POTENTIAL FOR SALT BUILDUP, IT IS ESPECIALLY IMPORTANT TO APPLY
BIOSOLIDS AT AGRONOMIC RATES. NUMEROUS STUDIESBY THE U.S. EPA AND USDA HAVE SHOWN THAT SALINITY
IMPACTS CAN BE CONTROLLED WHEN AGRONOMIC RATES AND GOOD LAND MANAGEMENT TECHNIQUES ARE
FOLLOWED.

WILL THE LAND APPLICATION OF BIOSOLIDS CAUSE PH CHANGESIN THE SOIL?
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CONCERNS HAVE BEEN EXPRESSED BY THE AGRICULTURAL COMMUNITY REGARDING THE PH EFFECTSOF APPLYING
BIOSOLIDS. THE SOIL PH 1S A MEASUREMENT OF DEGREE OF SOIL ACIDITY OR ALKALINITY. A NEUTRAL SOIL PH,
BETWEEN 6.0 AND 7.0 1S THE MOST COMMONLY DESIRED PH BECAUSE NUTRIENT AVAILABILITY TENDSTO BEATA
MAXIMUM. HIGHLY ACIDIC SOILS (PH LESS THAN 5.0) CAN CAUSE SOME ELEMENTS TO BECOME TOXIC TO PLANTS
SUCH ASIRON AND ALUMINUM. ACIDIC SOIL HAS ALSO BEEN FOUND TO CAUSE MAGNESIUM DEFICIENCIESIN VARIOUS
CROPS HIGHLY ALKALINE SOILS (PH HIGHER THAN 9.0) CAN CREATE HIGH SODIUM CONTENTS THAT RESTRICT
PLANT GROWTH AS WELL ASINHIBIT THE PLANT AVAILABILITY OF NUTRIENTS SUCH AS PHOSPHORUS. TO AVOID
POTENTIALLY HARMFUL CHANGESIN SOIL PH, IT ISNECESSARY TO APPLY BIOSOLIDS AT AGRONOMIC RATES. THE
U.S. EPA AND USDA HAVE CONDUCTED NUMEROUS STUDIES THAT SHOW THAT POTENTIAL PHIMPACTS CAN BE
CONTROLLED WITH PROPER APPLICATION OF BI OSOLIDS AND GOOD LAND MANAGEMENT TECHNIQUES.
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RANGELAND APPLICATION

WHAT ARE THE EFFECTSOF BIOSOL IDS APPLICATION ON RANGELAND?

DECADES OF GRAZING AND WIND EROSION HAVE LEFT THE NATION=S RANGELANDS DEFICIENT IN NUTRIENTS AND
ORGANIC MATTER. THE LAND APPLICATION OF BIOSOLIDS ON RANGELAND PROVIDES THE OPPORTUNITY TO
REPLENISH THE SOIL, ENHANCING FORAGE PRODUCTION, GROUNDCOVER, WATER RETENTION AND REDUCING
SURFACE WATER RUNOFF. SURFACE APPLICATION WITHOUT INCORPORATION IS MOST OFTEN ADVISED BECAUEIT
DOES NOT DISTURB THE EXISTING PLANT COMMUNITY=S ROOT ZONE AND MINIMIZES DISTURBANCE TOTHESURFACE
AND SOIL STRUCTURE.

| NCREASED VEGETATIVE PRODUCTIVITY

THE LAND APPLICATION OF BIOSOLIDS ON RANGELAND INCREASED THE VEGETATIVE PRODUCTIVITY OF THE LAND.
BIOSOLIDS HAVE BEEN APPLIED TO RANGELAND IN COLORADO AND NEW MEXICO AT RATES RANGING FROM 0.0TO
90.0 MG/HA (DRY-WEIGHT BASIS). THE STUDIES REPORTED INCREASED VEGETATIVE PRODUCTIVITY ASA RESULT OF
BIOSOLIDS APPLICATION. THE STUDIES IN NEW MEXICO REPORTED THE MOST FAVORABLE VEGETATIVE GROWTH AT
RATES OF 22.5 AND 45 MG/HA. ONE STUDY REPORTED A TWO-TO-THREE-FOLD INCREASE IN VEGETATIVE GROWTH
AT THESE RATES. THE COLORADO STUDIES REPORTED ENHANCED FORAGE PRODUCTION OCCURRING AT 45MGHA
WITH MAXIMUM VEGETATIVE GROWTH AT 11 MG/HA.

IN STUDIES CONDUCTED IN FORT COLLINS, COLORADO, THE VEGETATIVE RESPONSE WAS SIMILAR FOR THEPLOTS
THAT RECEIVED DEWATERED BIOSOLIDS AND COMPOSTED BIOSOLIDS, AND BIOMASS AND CANOPY COVER GENERALLY
INCREASED WITH INCREASING APPLICATION RATES. THE METAL CONCENTRATIONS IN PLANT TISSUESREMAINED
WITHIN NORMAL RANGESAND WELL BELOW THE TOXIC LEVELS FOR PLANTS AND LIVESTOCK. POTENTIAL CHANGES
IN THE COMPOSITION AND SPECIES OF RANGELAND VEGETATION WERE OBSERVED. THE FORT COLLINSSTUDIES
SHOWED THAT THE FOUR DOMINANT SPECIES RESPONDED DIFFERENTLY TO INCREASING BIOSOLIDS APPLICATION
RATES. BLUE GRAMA AND WESTERN WHEATGRASS INCREASED IN BIOMASS AND CANOPY COVER WITH INCREASED
APPLICATION RATES. BUFFALO GRASS AND FRINGED SAGE SHOWED A DECREASE IN COVER AND BIOMASS, ALTHOUGH
NOT ALWAYS SIGNIFICANTLY. OTHER STUDIES SHOW AN INCREASE IN SPECIES DIVERSITY WITH BIOSOLIDS
APPLICATION. IN NEwW MEXICO, THE BLUE GRAMA FORAGE PRODUCTION INCREASED TWO-T O-THREE FOLD, WHILE
SNAKEWEED DECREASED WITH THE APPLICATION OF BIOSOLIDS

GROUNDWATER | MPACTS

ASWITH ALL FERTILIZATION, NITRATE IS THE MOST MOBILE AND ABUNDANT AND HAS THE GREATEST POTENTIAL
FOR REACHING THE GROUNDWATER. SINCE RANGELAND ISNOT IRRIGATED, NATURAL PRECIPITATION PROVIDES
THE DRIVING FORCE. A STUDY IN NEW MEXICO EVALUATED SEASONAL SOIL WATER CHANGES AND ASSESSED THE
POTENTIAL FOR LEACHING. IN THE STUDY, IT WAS OBSERVED THAT THE SOIL MOISTURE GONTENT DID NOT
SIGNIFICANTLY INCREASE AT A DEPTH GREATER THAN 161 CM AND REMAINED WELL BELOW THE SOIL:SWATER
RETENTION CAPACITY. THE STUDY CONCLUDED THAT, BARING ADDITIONAL INPUTS SUCH AS FLOODING LEACHING
WOULD NOT LIKELY OCCUR BELOW 1.5M. THE FORT COLLINS STUDIES SHOWED THAT APPLICATIONOFBIOSOLIDS
INITIALLY CAUSED HIGHER MOISTURE CONTENT IN THE SHALLOW ROOT ZONE.

SURFACE WATER | MPACTS
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STUDIES IN FORT COLLINS AND NEW MEXICO DEMONSTRATED THAT SURFACE RUNOFF ROM BIOSOLIDS
APPLICATION SITES CAN BE SAFELY MANAGED. THE MOST SEVER TEST WASIN FORT COLLINS. THE FORT COLLINS
STUDIES USED A RAINFALL SIMULATOR TO IMITATE A SEVERE RAINFALL EVENT SHORTLY AFTER A SURFACE
APPLICATION OF BIOSOLIDS. THE TEST PLOTS WERE ON 8 PERCENT AND 15 PERCENT SLOPES AND SAMPLESWERE
TAKEN IMMEDIATELY AT THE EDGE OF THE TEST PLOT. THISSTUDY FOUND THAT AN ESTIMATED APPLICATION
RATE OF 1.5 DRY TONSACRE WOULD NOT CREATE ANY POTENTIAL NOsz-N OR TRACE ELEMENT POLLUTION
PROBLEMS. A STUDY PERFORMED AT THE SEVILLETA LONG-TERM ECOLOGICAL RESEARCH AREA NEAR SOOORRO,
NEW MEXICO, DEMONSTRATED THAT SURFACE RUNOFF AND CONSEQUENT SOLID LOSSESWERE ELIMINATED WHEN
RANGE TEST PLOTS WITH SLOPES OF 6 PERCENT AND 10 PERCENT, WERE SURFACE TREATED WITH BIOSOLIDSAT A
ONE-TIME APPLICATION OF 4.5 DRY MG/HA. EVEN INTENSE SIMULATED RAINFALL FAILED TO Y |ELD RUNOFFFROM
THE TEST PLOTS SUGGESTING THAT IMPROVED RETENTION OF PRECIPITATION MAY BE A DOMINANT FACTOR IN
BIOSOLIDS RANGELAND RECLAMATION.

ANOTHER STUDY CONDUCT ED TO EVALUATE THE RUNOFF WATER QUALITY FROM PASTURE WHERE BIOSOLIDSAND
SEVERAL DIFFERENT SOURCES OF ANIMAL MANURE WERE SURFACE-APPLIED CLEARLY DEMONSTRATED THAT FORA
NUMBER OF COMPONENTS(E.G.,. NITROGEN, SUSPENDED SOLIDS, TOTAL PHOSPHORUS) THE BIOSOLIDS EXHIBITED
THE LEAST OVERALL POTENTIAL FOR SURFACE WATER CONTAMINATION; IN FACT, THE RUNOFF WATER FROM
BIOSOLIDSWASVERY SMILAR TO THE ANALYS S OF THE CONTROL (NO TREATMENT) SAMPLES. (JEQ, 1984)
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OTHER ENVIRONMENTAL EFFECTS

WIND BLOWN EFFECTS:

CAN BIOSOL DS BE BLOWN OFF THE LAND, AFFECTING ADJACENT PROPERTIES AND PEOPLE?

THE GENERATION OF WINDBLOWN DUST IS NOT UNCOMMON AMONG AGRICULTURAL PRACTICES. STANDARD
OPERATIONS SUCH ASTILLING OFTEN GENERATE DUST , REGARDLESS OF WHETHER BIOSOLIDSHAVE BEENAPPLIED OR
NOT. THE DISTANCE THE DUST TRAVELSISSIMPLY A FUNCTION OF THE SOIL TYPE AND WIND VELOCITY. THEU.S
EPA HASEVALUATED THE RI SKS ASSOCIATED WITH WINDBLOWN SOIL AND DUST FROM BIOSOLIDS- AMENDED SOILS
AND HAS DETERMINED THAT THE USE OF BIOSOLIDS DOES NOT INCREASE RISK TO FARM WORKERSOR NEIGHBORS
OVER TRADITIONAL AGRICULTURAL PRACTICES

I T ISPOSSIBLE THAT EXTREMELY DRY, POWDERY BIOSOLIDS COULD BLOW OFF THE SITE DURING THE APPLICATION
PROCESS. THE ONLY LIKELY SCENARIO WHERE THIS COULD OCCUR ASSUMES THAT BIOSOLIDSARE LESS THAN 25%
MOISTURE, THE BIOSOLIDS ARE IN POWDER FORM RATHER THAN PELLETS GRANULES, OR COMPOST, AND LAND
APPLICATION OCCURS WHEN WINDS ARE BLOWING IN EXCESS OF 25 MILES PER HOUR.

CANTILLING THE SOIL WORSEN WIND EROSION OF SOIL AND BIOSOLIDS?

ON A WELL-MANAGED FARM, TILLING THE SOIL AND BIOSOLIDS WILL NOT WORSEN SOIL EROSION CONCERNS.
SEVERE WIND EROSION OF SOIL IS CAUSED WHEN THE SOIL IS NOT PROPERLY MANAGED RESULTING IN BARE, DRY
SOIL. ADDING BIOSOLIDS TO ®IL OVER TIME WILL INCREASE THE ORGANIC CONTENT OF THE SOIL AND ITS
MOISTURE HOLDING CAPACITY. THESE IMPROVED SOIL CHARACTERISTICS SIGNIFICANTLY REDUCE THE POTENTIAL
FOR DUST OR SOIL EROSION.

WILDLIFE EFFECTS:

WILL WILDLIFE AND MIGRATING BIRDS BE AFFECTED BY THE LAND APPLICATION OF BIOSOLIDS?

No. COMPLIANCE WITH FEDERAL AND STATE LAWS AND REGULATIONS ENSURE THAT FISH AND WILDLIFE,
INCLUDING MIGRATING BIRDS AND ANY ENDANGERED OR THREATENED SPECIES, WILL NOT BE ADVERSELY IMPACTED
FROM BIOSOLIDS LAND APPLICATION. BIOSOLIDSARE NOT ALLOWED TO ENTER WATERWAY S SO NOIMPACT COULD
OCCUR TO FISH OR WATER FOWL. BIOSOLIDS APPLICATION OCCURS PRIMARILY IN AGRICULTURAL SETTINGSSUCHAS
CORN, COTTON OAT, OR BARLEY FIELDS WHERE WILDLIFE USE IS LESS THAN IN NATURAL HABITAT. THERISK
ASSESSMENT DEVELOPED BY THE U.S. EPA CONSIDERED EFFECTS TO WILDLIFE IN THE DEVELOPMENT OF
STANDARDS

ODORS:

DO BIOSOLIDS CAUSE ODOR PROBLEMS?
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ASWITH THE APPLICATION OF ANIMAL MANURES, ODORS CAN RESULTS FROM THE LAND APPLICATION OFBIOSOLIDS

HOWEVER, THE ODOR IS GENERALLY MUCH MILDER THAN THAT ASSOCIATED WITH SHEEP, SWINE, CATTLE OR
POULTRY MANURES. MOST OFTEN, WHEN THE BIOSOLIDS HAVE BEEN THOROUGHLY DIGESTED AND AGED AT THE
WASTEWATER TREATMENT PLANT, THE ODOR IS THAT OF MOIST SOIL. ON OCCASIONS WHEN BIOSOLIDSHAVE BEEN
RUSHED THROUGH THE TREATMENT PROCESS, A MORE OBNOXIOUS ODOR MAY BE OBSERVED. THISODORMAY SMELL
SOUR, HAVE AN AMMONIA-LIKE SMELL, OR SMELL LIKE A SWAMP. |T ALSOISNOT UNCOMMON FOR DEWATERED
BIOSOLIDS TO HAVE A FISHY SCENT, DUE TO A POLYMER ADDED DURING THE DEWATERING PROCESS.

WHERE DOES THIS ODOR COME FROM?

ODORS ARE DERIVED FROM VOLATILE COMPLEX CHEMICAL COMPOUNDS. THE SUBSTANCES READILY EVAPORATE
AT NORMAL TEMPERATURES AND PRESSURES RELEASING A GAS THAT ISDETECTED BY OUR SENSE OF SMELL. THE
ODORS ASSOCIATED WITH BIOSOLIDS ARE A RESULT OF THE VAPORIZATION OF CHEMICALS SU CHASCARBOHYDRATES
PROTEINS, CELLULOSE AND SUGARS. AS THESE COMPOUNDS DECOMPOSE, ODORS OF VARIOUS TYPESAND STRENGTHS
ARE RELEASED THROUGHOUT THE PROCESS. COMPOUNDS SUCH AS CARBON, NITROGEN, OXYGEN, HYDROGEN AND
SULFUR ARE OFTEN CONTAINED IN THE GASEOUS RELEASES

ODOR PROBLEMS ASSOCIATED WITH BIOSOLIDS USUALLY OCCUR AT THE TIME OF LAND APPLICATION. THE
EMISSIONS HAVE BEEN FOUND TO DECREASE SIGNIFICANTLY WITHIN 15 MINUTES OF THE APPLICATION, AND SHOULD
COMPLETELY DISSIPATEBY A DAY OR TWO AFTER APPLICATION. THE ODOR MAY REOCCUR FOR A DAY OR TWO
AFTER THE FIRST IRRIGATION OR RAINFALL EVENT. ODOR PROBLEMS RESULTING FROM LAND APPLICATION CANBE
GREATLY REDUCED THROUGH PRACTICES SUCH AS TILLING OR INCORPORATION OF THE BIOSOLIDS

BiosoLIDSQ & A WASCOMPILED BY JANA LANG, ENVIRONMENTAL ENGINEER, EPA ReGion V.
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SECTION 2.7 C PATHOGEN AND VECTOR ATTRACTION REDUCTION METHODS

IN 1979, THE DEVELOPMENT OF 40 CFR PART 257, CRITERIA FOR CLASSIFICATION FOR SOLID WASTE DISPOSAL
FACILITIES AND PRACTICES, ADDRESSED THE CONCERNS OF PATHOGEN AND DISEASE VECTORS IN SEWAGE BIOSOLIDS
APPENDIX || OF PART 257 ESTABLISHED SPECIFIC TREATMENT PROCESSES FOR PATHOGEN AND VECTOR
ATTRACTION REDUCTION. THESE PROCESSES WERE REFERRED TO AS "PROCESSES TO SIGNIFICANTLY REDUCE
PATHOGENS' (PSRP) AND "PROCESSES TO FURTHER REDUCE PATHOGENS' (PFRP). IN ADDITION TO PSRP AND
PFRP pProcesseSs, 40 CFR PART 503 SUBPART D ESTABLISHES ADDITIONAL METHODS AND REQUIREMENTS FOR
ADEQUATE PATHOGEN AND VECTOR ATTRACTION REDUCTION TECHNIQUES.

FOR A COMPLETE UNDERSTANDING AS TO WHY AND HOW PATHOGEN AND VECTOR ATTRACTION REDUCTION
METHODS ARE NECESSARY, REFER TO TECHNICAL SUPPORT DOCUMENT FOR REDUCTION OF PATHOGENSAND VECTOR
ATTRACTION IN SEWAGE SLUDGE (EPA 822/R-93-004, Nov. 1992). A FEW POINTS CAN BE MADE HERE. THE
PATHOGENS FECAL COLIFORM BACTERIA, ENTERIC VIRUSES, SALMONELLA, AND HELMINTH OVA WERE SELECTED
BECAUSE ALTHOUGH THERE ARE MANY PATHOGENS PRESENT IN SEWAGE BIOSOLIDS, USUALLY A SURROGATE
ORGANISM CAN BE IDENTIFIED MORE EASILY. THE SURROGATE ORGANISM 1S THEN USED AS AN INDICATION FOR THE
REMAINING SIMILAR ORGANISMS THISIS THE CASE FOR THE FOUR PATHOGENS SELECTED FOR PART 503.

THE FACT THAT DISEASES ARE ASSOCIATED WITH VECTORS ISWELL-KNOWN, AND ". . . THE TRANSPORT OF VECTORS
CAN PLAY A MAJOR ROLE IN DISEASE TRANSMISSION. THE HEALTH RISK TO HUMANS AND ANIMALS POSED BY THIS
TRANSMISSION ROUTE CAN BE REDUCED SUBSTANTIALLY BY REDUCING THE ATTRACTIVENESS OF SEWAGE S_UDGETO
VECTORS"  THEREFORE, MULTIPLE METHODS FOR THE REDUCTION OF VECTOR ATTRACTION HAVE BEEN
DEVELOPED AND INCORPORATED INTO PART 503.

IN TERMS OF THE REGULATIONS IN 40 CFR PART 503, PATHOGEN AND VECTOR ATTRACTION REDUCTION CAN BE
ACCOMPLISHED BY ANY OF THE FOLLOWING SUMMARIZED METHODS. ALTERNATIVES ARE PRESENTED ON THE
FOLLOWING PAGE; THE COMPLETE REQUIREMENTS ARE PRESENTED IN PART 503 SUBPART D, ASWELL ASA LISTING
OF PFRP AND PSRP EQUIVALENTS

THE FOLLOWING IS MERELY A SUMMARY OF PATHOGEN AND VECTOR ATTRACTION REDUCTION METHODS AND IS
INTENDED TO BE A QUICK REFERENCE GUIDE TO THE AVAILABLE OPTIONS. YOU ARE STRONGLY ENCOURAGED TO
READ THE ENTIRE SUBPART DCPATHOGEN AND VECTOR ATTRACTION REDUCTIONC40 CFR PART 503 FOR
DETAILED EXPLANATIONS OF THE FOLLOWING.

PATHOGEN REDUCTION OPTIONS
CLASS A PATHOGEN REDUCTION

ALT 1- TIMEAND TEMPERATURE - BIOSOLIDS TEMPERATURE SHOULD BE MAINTAINED FOR A PRESCRIBED PERIOD
OF TIME ACCORDING TO THE GUIDELINES IN APPENDIX B.

' Technical Support Document for Reduction of Pathogens and Vector Attraction in Sewage Sludge. (EPA
822/R-93-004, Nov. 1992), p. 10.
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ALT 2 - PH, TEMPERATURE AND TIME - THE PH OF THE BI OSOLIDS IS RAISED TOABOVE 12 FOR A PERIOD OF AT
LEAST 72 HOURS AND THE BIOSOLIDS MUST BE ABOVE 52EC FOR AT LEAST 12 HOURS DURING THIS PERIOD.
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ALT 3 -

ALT 4 -

ALT S -

ALT 6 -

ONE-TIME DEMONSTRATION GQORRELATING PATHOGEN LEVELS AND OPERATING PARAMETERS- |F THE
BIOSOLIDS ARE ANALYZED BEFORE THE PATHOGEN REDUCTION PROCESS AND ARE FOUND TO HAVE
DENSITIES OF ENTERICVIRUS <1 PFU PER 4G OF TS AND VIABLE HELMINTH OVA <1 PER4GOF TS, THE
BIOSOLIDS ARE CONSIDERED CLASS A UNTIL THE NEXT MONITORING EPISODE. |F THE BIOSOLIDSARE
ANALYZED BEFORE THE PATHOGEN REDUCTION PROCESS AND FOUND TO HAVE DENSITIES OF ENTERIC
VIRUS $1 PFU PER 4G OF TS OR VIABLE HELMINTH OVA$1 PER 4G OF TS, AND TESTED AGAIN AFTER
PROCESSING AND FOUND TO MEET THE SAME LEVELS THEN THE BIOSOLIDS ARE CONSIDERED CLASSA
(ASSUMING THE OPERATING PARAMETERS FOR THE PATHOGEN REDUCTION PROCESS ARE MONITORED AND
SHOWN TO BE CONSISTENT WITH THE VALUES OR RANGES OF VALUES DOCUMENTED AT ALL TIMES).

CONCENTRATIONS OF ENTERIC VIRUSES AND HELMINTH OVA - |F THE BIOSOLIDS ARE NOT ANALYZED
BEFORE PATHOGEN REDUCTION PROCESSING FOR ENTERIC VIRUSES AND VIABLE HELMINTH OVA, THEN THE
DENSITY OF ENTERIC VIRUSES MUST BE <1 PFU PER 4G OF TS AND THE DENSITY OF VIABLEHELMINTHOVA
MUST BE<1 PER4GOF TS, OR

PROCESSES TO FURTHER REDUCE PATHOGENS (PFRP) - BIOSOLIDS MUST CONFORM WITH ONE OF THE
FOLLOWING PFRP OPTIONS:

1. COMPOSTING - USING EITHER THE WITHIN-VESSEL COMPOSTING METHOD OR THE STATIC AERATED
PILE COMPOSTING METHOD, THE TEMPERATURE OF THE BIOSOLIDS IS MAINTAINED AT 55EC OR
HIGHER FOR THREE DAY S USING THE WINDROW COMPOSTING METHOD, THE TEMPERATURE OF THE
BIOSOLIDS IS MAINTAINED AT 55EC OR HIGHER FOR 15 DAYS OR LONGER. DURING THIS PERIOD, A
MINIMUM OF 5 WINDROW TURNINGS IS REQUIRED.

2. HEAT DRYING - BIOSOLIDS ARE DRIED Br DIRECT OR INDIRECT CONTACT WITH HOT GASES TO
REDUCE THE MOISTURE CONTENT OF THE BIOSOLIDS TO 10% OR LOWER. EITHER THE TEMPERATURE
OF THE BIOSOLIDS PARTICLES EXCEEDS 80EC OR THE WET BULB TEMPERATURE OF THE GAS IN
CONTACT WITH THE BIOSOLIDS AS THE BIOSOLIDS LEAVE THE DRYER EXCEEDS 80EC.

3. HEAT TREATMENT - LIQUID BIOSOLIDS ARE HEATED TO A TEMPERAT URE OF 180EC OR HIGHER FOR
30 MINUTES.

4. THERMOPHILIC AEROBIC DIGESTION - LIQUID BIOSOLIDS ARE AGITATED WITH AIR OR OXYGEN TO
MAINTAIN AEROBIC CONDITIONS AND THE MEAN CELL RESIDENCE TIME OF THE BIOSOLIDSIS10DAYS
AT 55ET0 60EC.

5. BETA RAY IRRADIATION - BIOSOLIDS ARE IRRADIATED WITH BETA RAYS FROM AN ACCELERATOR AT
DOSAGES OF AT LEAST 1.0 MEGARAD AT ROOM TEMPERATURE (CA. 20EC).

6. GAMMA RAY IRRADIATION - BIOSOLIDS ARE IRRADIATED WITH GAMMA RAYS FROM CERTAIN
ISOTOPES, SUCHAS COBALT 60 AND CESIUM 137, AT ROOM TEMPERATURE (CA. 20EC).

7. PASTEURIZATION - THE TEMPERATURE OF THE BIOSOLIDS ISMAINTAINED AT 70EC ORHIGHERFOR
30 MINUTES OR LONGER.

EQUIVALENT TO PFRP - BIOSOLIDS MUST BE TREATED IN A PROCESS THAT IS EQUIVALENT TO PFRP, As
DETERMINED BY THE PERMITTING AUTHORITY.

IN ADDITION, ALL SIX ALTERNATIVESINCLUDE PATHOGEN LEVELS FOR FECAL COLIFORM AND SALMONELLA.

ALT1-

CLASS B PATHOGEN REDUCTION

DENSITY OF FECAL COLIFORM - AT LEAST SEVEN BIOSOLIDS SAMPLES MUST BE COLLECTED AT THE TIME
OF USE OR DISPOSAL AND ANALYZED FOR FECAL COLIFORM DURING EACH MONITORING PERIOD. THE
GEOMETRIC MEAN OF THE DENSITY OF FECAL COLIFORM IN THE SAMPLESCOLLECTED MUST BE <2,000,000
MPN/G oF TS PER 2,000,000 CFU/GOF TS.
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ALT 2 -

ALT 3 -

PROCESSES TO SIGNIFICANTLY REDUCE PATHOGENS (PSRP) - THE BIOSOLIDS MUST CONFORM WITH ONE OF
THE FOLLOWING PSRP OPTIONS:

1. AEROBIC DIGESTION - BIOSOLIDS ARE AGITATED WITH AIR OR OXYGEN TO MAINTAIN AEROBIC
CONDITIONS FOR A MEAN CELL RESIDENCE TIME AND TEMPERATURE BETWEEN 40 DAYSAT20ECAND
60 DAYS AT 15EC.

2. AIR DRYING - BIOSOLIDS ARE DRIED ON SAND BEDS OR ON PAVED OR UNPAVED BASINS FOR A
MINIMUM OF THREE MONTHS. DURING TWO OF THE THREE MONTHS, THE AMBIENT AVERAGE DAILY
TEMPERATURE ISABOVE OEC.

3. ANAEROBIC DIGESTION - BIOSOLIDS ARE TREATED IN THE ABSENCE OF AIR FOR A MEAN CELL

RESIDENCE TIME AND TEMPERATURE BETWEEN 15 DAYS AT 35EC TO 55EC AND 60 DAYS AT 20EC.

4, COMPOSTING - USING EITHER THE WITHIN-VESSEL, STATIC AERATED PILE, OR WINDROW

COMPOSTING METHODS, THE TEMPERATURE OF THE BIOSOLIDS IS RAISED TO 40EC ORHIGHERFORAVE
DAYS. FOR FOUR HOURS DURING THE FIVE DAYS, THE TEMPERATURE IN THE COMPOST PILE EXCEEDS
55EC.

5. LIME STABILIZATION - SUFFICIENT LIME IS ADDED TO THE BIOSOLIDSTO RAISE THE PHTO 12AFTER
TWO HOURS OF CONTACT .
EQUIVALENT TO PSRP - BIOSOLIDS MUST BE TREATED IN A PROCESS THAT ISEQUIVALENT TO PSRP, AS
DETERMINED BY THE PERMITTING AUTHORITY.

VECTOR ATTRACTION REDUCTION (VAR) OPTIONS

ALT1-

ALT 2 -

ALT 3 -

ALT 4 -

ALT S -

ALT 6 -

ALT 7 -

ALT 8 -

VAR METHODS FOR PREPARERSOF SEWAGE BIOSOLIDS

38% VOLATILE SOLIDS REDUCTION (VSR) - MASS OF VOLATILE SOLIDS (VS) IS REDUCED BY 38% OR
MORE.

ANAEROBIC DIGESTION - |F 38% V SR CANNOT BE ACHIEVED FOR ANAEROBICALLY DIGESTED BIOSOLIDS,
VAR CAN BE DEMONSTRATED BY FURTHER DIGESTING A PORTION OF THE Bl OSOLIDS IN A BENCH-SCALE
UNIT FOR AN ADDITIONAL 40 DAYS AT 30ETO 37EC OR HIGHER AND ACHIEVING A FURTHER V SR OFLESS
THAN 17%.

AEROBIC DIGESTION - |F 38% VSR CANNOT BE ACHIEVED FOR AEROBICALLY DIGESTED BIOSOLIDS, VAR
CAN BE DEMONSTRATED BY FURTHER DIGESTING A PORTION OF THE BIOSOLIDS IN A BENCH-SCALE UNIT
FOR AN ADDITIONAL 30 DAYS AT 20EC AND ACHIEVING A FURTHER VSR OF LESS THAN 15%.

AEROBIC DIGESTION (SOUR) - SPECIFIC OXYGEN UPTAKE RATE OF #1.5 MG OXYGEN/HOUR/G OF TSAT
20EC.

AEROBIC DIGESTION FOR 14 DAYS AT > 40EC - BIOSOLIDS TREATED IN AN AEROBIC PROCESS FOR 14DAYS
OR LONGER AT >40EC WITH AN AVERAGE TEMPERATURE OF >45EC.

ALKALINE STABILIZATION - THE PH OF BIOSOLIDS MUST BE RAISED TO $12 FOR TWO HOURS AND THEN
AT $11.5 FOR AN ADDITIONAL 22 HOURS.

DRYING (%TSGT75) - THE PERCENT SOLIDS OF BIOSOLIDS THAT DO NOT CONTAIN UNSTABILIZEDSOLIDS
GENERATED IN A PRIMARY WASTEWATER TREATMENT PROCESS MUST BE $75%. BLENDING WITH OTHER
MATERIALSISNOT PERMITTED TO ACHIEVE THE TOTAL SOLIDS PERCENT.

DRYING (%TSGT90) - THE PERCENT SOLIDS OF BIOSOLIDS THAT CONTAIN UNSTABILIZED SOLIDS
GENERATED IN A PRIMARY WASTEWATER TREATMENT PROCESS MUST BE $90%. BLENDING WITHOTHER
MATERIALSISNOT PERMITTED TO ACHIEVE THE TOTAL SOLIDS PERCENT.
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VAR METHODS FOR APPLIERSOF BIOSOLIDS

ALT 9 - INJECTION - (1) BOSOLIDS ARE INJECTED BELOW THE SURFACE OF THE LAND. (2) NO SIGNIFICANT
AMOUNT OF THE BIOSOLIDS MUST BE PRESENT ON THE LAND SURFACE WITHIN ONE HOUR AFTER THE
BIOSOLIDS ARE INJECT ED. (3) WHEN THE BIOSOLIDS THAT ARE INJECTED ARE CLASS A WITH RESPECT TO
PATHOGENS, THE BIOSOLIDS MUST BE INJECTED BELOW THE LAND SURFACE WITHIN EIGHT HOURSAFTER
BEING DISCHARGED FROM THE PATHOGEN TREATMENT PROCESS.

ALT 10 - INCORPORATION - BIOSOLIDS APPLIED TO LAND OR PLACED ON A SURFACE DISPOSAL SITE MUST BE
INCORPORATED INTO THE SOIL WITHIN SIX HOURS AFTER APPLICATION OR PLACEMENT. WHEN THE
BIOSOLIDS THAT ARE INCORPORATED INTO THE SOIL ARE CLASSA WITH RESPECT TO PATHOGENS, THE
BIOSOLIDS MUST BE APPLIED TO OR PLACED ON THE LAND WITHIN EIGHT HOURS AFTER BEING DISCHARGED
FROM THE PATHOGEN TREATMENT PROCESS.

ALT 11 - SURFACE DisPosAL DAILY COVER- BIOSOLIDS PLACED IN A SURFACE DISPOSAL SITE MUST BE COVERED
WITH SOIL OR OTHER MATERIAL AT THE END OF EACH OPERATING DAY.

ALT 12 - DOMESTIC SEPTAGE TREATMENT - THE PH OF DOMESTIC BI OSOLIDS MUST BE RAISED TO 12 ORHIGHERBY
ALKALI ADDITION AND, WITHOUT THE ADDITION OF MORE ALKALI, MUST REMAIN AT 12 ORHIGHERFOR
30 MINUTES.

TABLE 2.7-1. LisT OF EQUIVALENT PSRP AND PFRP PROCESSESAS OF SEPTEMBER 1989.

EXCERPTED FROM: ENVIRONMENTAL REGULATIONS AND TECHNOLOGY - CONTROL OF PATHOGENSIN MUNICIPAL
WASTEWATER SL.UDGE, USEPA (&ENTER FOR ENVIRONMENTAL RESEARCH INFORMATION, QNCINNATI, OH.

SEPTEMBER 1989, p. 27.

PROCESSES DETERMINED TO BE EQUIVALENT TO PSRP OR PFRP

OPERATOR PROCESS DESCRIPTION STATUS
TOWN OF COMBINATION OXIDATION DITCH, AERATED STORAGE, AND DRY ING PROCESS. PSRP
TELLURIDE, BIOSOLIDSARE TREATED IN AN OXI DATION DITCH FORAT LEAST 26 DAY SAND THEN
COLORADO STORED IN AN AERATED HOLDING TANK FORUP TOA WEEK. FOLLOWING DEWATERING

TO 18% SOLIDS, THE BIOSOLIDSARE DRIED ON A PAVED SURFACE TO A DEPTH OF 2 FEET.
THEBIOSOLIDSARE TURNED OVER DURING DRYING. A FTERDRYING TO 30% SOLIDS,
THE BIOSOLIDSARE STOCKPILED PRIOR TO LAND APPLICATION. TOGETHER, THEDRYING
AND STOCKPILING STEPSTAKE APPROXIMATELY 1 YEAR. TOENSURETHAT PSRP
REQUIREMENTSARE MET, THE STOCKPILING PERIOD MUST INCLUDE ONE FULL SUMMER

SEASON.
COMPREHENSIVE USE OF CEMENT KILN DUST (INSTEAD OF LIME) TO TREAT BIOSOLIDSBY RAISING PSRP
MATERIALS BIOSOLIDSPH TOATLEAST 12 AFTER 2 HOURSOF CONTACT. DEWATERED BIOSOLIDS
M ANAGEMENT, ARE MIXED WITH CEMENT KILN DUST IN AN ENCLOSED SYSTEM AND THEN HAULED OFF
INC., HOUSTON, FOR LAND APPLICATION.
TEXAS
N-VIrRO ENERGY USE OF CEMENT KILN DUST AND LIMEKILN DUST (INSTEAD OF LIME) TO TREAT BIOSOLIDS NATIONAL
SYSTEMSLTD.,, BY RAISING THEPH. SUFFICIENT LIME ORKILN DUST ISADDED TO BIOSOLIDSTO PSRP
TOLEDO, OHIO PRODUCE A PH OF 12 FORAT LEAST 12 HOURSOF CONTACT.
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PROCESSES DETERMINED TO BE EQUIVALENT TO PSRP OR PFRP

OPERATOR PRrROCESS DESCRIPTION STATUS
PuBLICWORKS ANAEROBIC DIGESTION OF LAGOONED BIOSOLIDS. SUSPENDED SOLIDSHAD PSRP
DEPARTMENT, ACCUMULATED IN 30-ACRE AERATED LAGOON THAT HAD BEEN USED TOAERATE
BVERETT, WASTEWATER. THELENGTHY DETENTION TIME IN THE LAGOON (UPTO 15 YEARS)

WASHINGTON RESULTED IN A LEVEL OF TREATMENT EXCEEDING THAT PROVIDED BY CONVENTIONAL
ANAEROBIC DIGESTION. THE PERCENTAGE OF FRESH ORRELATIVELY UNSTABILIZED
BIOSOLIDSWASVERY SMALL COMPARED TO THE REST OF THE ACCUMULATION
(PROBABLY MUCH LESSTHAN 1% OF THE WHOLE).
HAIKEY CREEK OXIDATION DITCH TREATMENT PLUSSTORAGE. BIOSOLIDSARE PROCESSED IN AERATION PSRP
WASTEWATER BASINSFOLLOWED BY STORAGE IN AERATED BIOSOLIDSHOLDING TANKS. THETOTAL
TREATMENT BIOSOLIDSAERATION TIME ISGREATER THAN THE AEROBIC DIGESTION OPERATING
PLANT, TuLSA, CONDITIONS SPECIFIED IN THE FEDERAL REGULATIONSOF 40 DAYSAT 20EC (68EF) TO
OKLAHOMA 60 DAYSAT 15EC (59EF). THE OXIDATION DITCH BIOSOLIDSARE THEN STORED IN
BATCHESFORAT LEAST45 DAYSIN AN UNAERATED CONDITION OR 30 DAY SUNDER
AERATED CONDITIONS.
NED K. BURLESON | AEROBICDIGESTION FOR 20 DAYSAT 30EC (86EF) OrR 15 DAYSAT 35EC (95EF) PSRP
& A SSOCIATES,
INC., FORT WORTH,
TEXAS
SCARBOROUGH STATIC PILE AERATED ACOMPOSTING{ OPERATION THAT USESFLY ASH FROM A PAPER PFRP
SANITARY COMPANY ASA BULKING AGENT. THE PROCESS CREATESPILE TEMPERATURES OF 60E TO
DistrRICT, 70EC (140E TO158EF) WITHIN 24 HOURSAND MAINTAINS THESE TEMPERATURESFOR
SCARBOROUGH, UPTO 14 DAYS. THEMATERIAL ISSTOCKPILED AFTER 7 TO 14 DAY SOFACOMPOSTING(
MAINE AND THEN MARKETED.
MouNTHOLLY ZIMPRO 50-GPM LOW-PRESSURE WET AIR OXI DATION PROCESS. THE PROCESSINVOLVES PFRP
SEWAGE HEATING RAW PRIMARY BIOSOLIDSTO 177E T0 204E C (350E TO400EF) IN A REACTION
AUTHORITY, VESSEL UNDER PRESSURES OF 250 T0400 PSIG FOR 15 TO 30 MINUTES. SMALL VOLUMES
MOoOUNTHOLLY, OF AIR ARE INTRODUCED INTO THE PROCESS TO OXIDIZE THE ORGANIC SOLIDS.
NEwW JERSEY
N-VIRO ENERGY ADVANCED ALKALINE STABILIZATION WITH SUBSEQUENT ACCEL ERATING DRYING. NATIONAL
SystemsL., $ ALTERNATIVE 1: FINE ALKALINE MATERIALS (CEMENT KILN DUST, LIME KILN DUST, PFRP
ToLEDO, OHIO

QUICKLIME FINES, PULVERIZED LIME, ORHYDRATED LIME) ARE UNIFORMLY MIXED BY
MECHANICAL OR AERATION MIXING INTO LIQUID OR DEWATERED BIOSOLIDS TO RAISE
THE PH TOGREATERTHAN 12 FOR 7 DAYS. |FTHE RESULTING BIOSOLIDSARELIQUID,
THEY ARE DEWATERED. THE STABILIZED BIOSOLIDSCAKE ISTHEN AIR DRIED (WHILE
PH REMAINSABOVE 12 FORAT LEAST 7 DAYS) FORATLEAST 30 DAYSAND UNTIL THE
CAKEISATLEAST 65% SOLIDS. A SOLIDSCONCENTRATION OFAT LEAST 60% IS
ACHIEVED BEFORE THE PH DROPSBELOW 12. THE MEAN TEMPERATURE OF THEAIR
SURROUNDING THE PILE ISABOVE SEC (41EF) FORTHEFRST 7 DAYS.

$ ALTERNATIVE2: FINEALKALINE MATERIALS(CEMENT KILN DUST, LIME KILN DUST,
QUICKLIME FINES, PULVERIZED LIME, ORHYDRATED LIME) ARE UNIFORMLY MIXED BY
MECHANICAL OR AERATION MIXING INTO LIQUID OR DEWATERED BIOSOLIDSTO RAISE
THEPH TOGREATER THAN 12 FORAT LEAST 72 HOURS. |FTHE RESULTING BIOSOLIDS
ARELIQUID, THEY ARE DEWATERED. THE BIOSOLIDSCAKE ISTHEN HEATED, WHILE
THE PH EXCEEDS 12, USING EXOTHERMIC REACTIONS OR OTHER THERMAL PROCESSES
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PROCESSES DETERMINED TO BE EQUIVALENT TO PSRP OR PFRP

OPERATOR PROCESS DESCRIPTION STATUS
TOACHIEVE TEMPERATURESOF AT LEAST 52E C (126EF) THROUGHOUT THE BIOSOLIDS
FORATLEAST 12 HOURS. THE STABILIZED BIOSOLIDSARE THEN AIR DRIED (WHILE PH
REMAINSABOVE 12 FORAT LEAST 3 DAYS) TOAT LEAST 50% SOLIDS.
Miami-DADE ANAEROBIC DIGESTION FOLLOWED BY SOLARDRYING. BIOSOLIDSARE PROCESSED BY CONDITION
WATERAND ANAEROBIC DIGESTION IN TWO WELL-MIXED DIGESTERSOPERATING IN SERIESIN A AL
SEWER TEMPERATURE RANGE OF 35E TO37EC (94E TO99%EF). TOTAL RESIDENCE TIMEIS30 PFRP
AUTHORITY, DAYS. THEBIOSOLIDSARE THEN CENTRIFUGED TO PRODUCE A CAKE OF BETWEEN 15 TO

MiAMI, FLORIDA

25% soLIDS. THE BIOSOLIDS CAKE ISDRIED FOR 30 DAYSON A PAVED BED AT A DEPTH
OF NOMORE THAN 46 CM (18 INCHES). WITHIN 8 DAYSOF THE START OF DRYING, THE
BIOSOLIDSARE TURNED OVER AT LEAST ONCE EVERY OTHER DAY UNTIL THE BIOSOLIDS
REACH A SOLIDSCONTENT OF GREATER THAN 70%. THE PFRP APPROVAL WAS
CONDITIONAL ON THE MICROBIOLOGICAL QUALITY OF THE PRODUCT.
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REQUIREMENTS FOR
THE LONG-TERM TREATMENT PFRP EQUIVALENCY OPTION
(A.K.A. THEATWO SUMMER METHOD})

THE REQUIREMENTS LIST ED BELOW ARE WHAT EPA REGION V11| REQUIRES IN ORDER FOR A FACILITY TO USE THE
LONG-TERM TREATMENT PFRP EQUIVALENCY OPTION. THESE INCLUDE RECOMMENDATIONS THE PATHOGEN
EQuIVALENCY COMMITTEE (PEC) MADE IN ORDER TO APPROVE THE USE OF THISOPTION. IN THE FUTURE WHEN
MORE INFORMATION ON THIS PROCESS HAS BEEN COLLECTED, SOME OF THE MONITORING MAY BE REDUCED (E.G.,
HELMINTH OVA TESTING). UNTIL THAT TIME, THESE ARE THE REQUIREMENTS

$ THEBIOSOLIDS MUST MEET THE CLASS B REQUIREMENTS BEFORE THEY ARE PLACED IN THE STORAGE FILESFOR
LONG-TERM TREATMENT AND MUST BE STORED OVER TWO SUMMERS (A MINIMUM OF 15 MONTHS).

$ THEBIOSOLIDS MUST HAVE A TOTAL SOLIDS CONTENT OF AT LEAST 14%, BUT NO MORE THAN 35%WHEN THE
PILES ARE FORMED.

$ THEPILESARE TO BE FORMED INTO WINDROWS AT LEAST 3.5 FEET, BUT NO MORE THAN 6.0 FEET IN HEIGHT.
$ DURING THE FIRST SUMMER THE TOTAL SOLIDS IN THE PILE ARE NOT TO EXCEED 60%.

$ THE AVERAGE TEMPERATURE OF THE PILE MUST EXCEED 20EC FOR 12 MONTHS OF THE STORAGE PERIOD (NOT
NECESSARILY CONSECUTIVE MONTHS).

$ THEPILE SHALL BE TURNED AT LEAST THREE TIMES (AT EVENLY SPACED INTERVALS) DURING EACH SUMMER
PERIOD.

$ THE FINISHED BIOSOLIDS MUST NOT GONTAIN MORE THAN ONE VIABLE HELMINTH OVA PER FOUR GRAMS OF
TOTAL SOLIDS (DRY WEIGHT BASIS) AND MUST MEET THE FECAL COLIFORM LIMITS (<1000 MPN/GRAM OF
TOTAL SOLIDS) OR THE SALMONELLALIMITS (<3 MPN/4 GRAMS OF TOTAL SOLIDS).

$ THEBIOSOLIDS MUST BE MONITORED FOR HELMINTH OVA ONCE FOR EACH BATCH.

$ AT EACH TURNING OF THE PILE, THE BIOSOLIDS SHALL BE MONITORED FOR VOLATILE SOLIDS AND TOTAL
SOLIDS. THE AVERAGE PILE TEMPERATURE MUST BE MONITORED MONTHLY.

$ THEBIOSOLIDS ARE NOT REQUIRED TO BE MONITORED FOR ENTERIC VIRUSES IF ALL OTHER CONDITIONSLISTED
FOR LONG-TERM TREATMENT ARE FOLLOWED.

2.7-8



BIOSOLIDS REFERENCE SHEET -l

SECTION 2.8 - PRACTICAL GUIDE TO SMALL SCALE COMPOSTING

INTRODUCTION

THE PURPOSE OF THIS FACT SHEET IS TO PROVIDE BASIC INFORMATION ABOUT COMPOSTING MUNICIPAL BIOSOLIDS
AT SMALL WASTEWATER TREATMENT PLANTS COMPOSTING IS A BIOLOGICAL PROCESS FOR TURNING A WASTEINTO
A USEFUL, STABLE MATERIAL WITHNUTRIENT AND SOIL CONDITIONING BENEFITS SINCE THE 1970'S COMPOSTING
HAS STEADILY GAINED THE ATTENTION OF MUNICIPAL SEWAGE TREATMENT PLANTS AS A COST -EFFECTIVE
BIOSOLIDS MANAGEMENT OPTION. THERE ARE CURRENTLY 201 OPERATING COMPOST FACILITIESWITH 117MORE
IN PLANNING OR DESIGN (GOLDSTEIN, 1994). MANY OF THESE FACILITIES ARE OPERATED BY SMALL WASTEWATER
TREATMENT PLANT OPERATORS. IN PARTICULAR, MANY SMALL WASTEWATER TREATMENT PLANTS HAVE
ADOPTED COMPOSTING BECAUSE OF THE RELATIVELY LOW CAPITAL INVESTMENT REQUIRED AND THE BENEFITS
REALIZED DUE TO THE MARKETABILITY OF THE PRODUCT .

COMPOSTING BIOSOLIDS IS ONE WAY TO MEET 40 CFR FART 503 PATHOGEN (AND VECTOR ATTRACTION)
REDUCTION REQUIREMENTS. COMPOSTING BIOSOLIDS CAN MEET EITHER A "PROCESS TO SIGNIFICANTLY REDUCE
PATHOGENS' (PSRP/CLASS B) OR A "PROCESS TO FURTHER REDUCE PATHOGENS' (PFRP/CLASSA) STANDARD,
DEPENDING UPON THE CPERATING CONDITIONS MAINTAINED AT THE FACILITY. THE 40 CFR RRT 503
REGULATIONS WOULD REQUIRE COMPOSTED BIOSOLIDS APPLIED TO THE LAND TO MEET SPECIFIC POLLUTANT
LIMITS SITE RESTRICTIONS, MANAGEMENT PRACTICES, AND PATHOGEN AND VECT OR ATTRACTION REDUCT ION
PROCESSES DEPENDING UPON WHETHER THEY: 1) ARE APPLIED TO AGRICULTURAL LAND, FOREST, A PUBLIC
CONTACT SITE, OR A RECLAMATION SITE; 2) ARE BIOSOLIDS THAT ARE SOLD OR GIVEN AWAY IN A BAG OR OTHER
CONTAINER; OR 3) ARE APPLIED TO A LAWN OR HOME GARDEN.

THE BIOSOLIDS COMPOSTING PROCESS

THE ADDITION OF A BULKING AGENT TO BIOSOLIDS PROVIDES OPTIMUM CONDITIONS FOR THE COMPOSTING PROCESS,
WHICH USUALLY LASTS 3 TO 4 WEEKS. A BULKING AGENT ACTS AS A SOURCE OF CARBON FOR THE BIOLOGICAL
PROCESS, INCREASES POROSITY, AND REDUCES THE MOISTURE LEVEL. THE COMPOSTING PROCESS HAS SEVERAL
PHASES INCLUDING THE ACTIVE PHASE, THE CURING PHASE, AND THE DRYING PHASE.

ACTIVE PHASE. DURING THE ACTIVE OR STABILIZATION PHASE, THE BIOSOLIDS/BULKING AGENT MIX ISAERATED
AND BIOSOLIDS ARE DECOMPOSED DUE TO ACCELERATED BIOLOGICAL ACTIVITY. THE BIOLOGICAL PROCESS
INVOLVED IN COMPOSTING CAN RAISE THE TEMPERATURE UP TO 60EC. AT THESE HIGH TEMPERATURES, THE
MAJORITY OF DISEASE-CAUSING BACTERIA (PATHOGENS) ARE DESTROYED. THE FIRST PHASE TYPICALLY LASTSAT
LEAST 21 DAYS, BUT CAN LAST UPTO 30 DAYSOR MORE. AERATION IS ACCOMPLISHED IN ONE OF TWO WAYS 1)BY
MECHANICALLY TURNING THE MIXTURE SO THAT THE BIOSOLIDS ARE EXPOSED TO OXYGEN IN THE AIR; OR 2) BY
USING BLOWERS TO EITHER FORCE OR PULL AIR THROUGH THE MIXTURE.

CURING PHASE. AFTER THE ACTIVE PHASE, THE RESULTING MATERIAL 1S CURED FOR APPROXIMATELY 30DAYS AT
THIS TIME, ADDITIONAL DECOMPOSITION, STABILIZATION, PATHOGEN DESTRUCTION, AND DEGASSING TAKES
PLACE. COMPOSTING IS CONSIDERED COMPLETE WHEN THE TEMPERATURE OF THE COMPOST RETURNSTOAMBIENT
LEVELS DEPENDING UPON THE EXTENT OF BIODEGRADATION DURING THE ACTIVE PHASE AND THE ULTIMATE
APPLICATION OF THE FINISHED PRODUCT , THE CURING PHASE MAY NOT BE CARRIED OUT AS A SEPARATE PROCESS

2.7-1



BIOSOLIDS REFERENCE SHEET -l

DRYING PHASE. AFTER CURING, SOME OPERATIONS ADD ANOTHER STEP CALLED THE DRYING PHASE WHICH CAN
VARY FROM DAYSTO MONTHS. THIS STAGE ISNECESSARY IF THE MATERIAL IS TO BE SCREENED TO HTHERRECOVER
THE UNUSED BULKING AGENT FOR RECYCLING OR FOR A MORE FINISHED PRODUCT. |F THE PRODUCT IS TO BE
MARKETABLE, THE FINAL COMPOST SHOULD BE 50% T0O 60% SOLIDS

THERE ARE TWO MAIN PROCESS CONFIGURATIONSFOR THE COMPOSTING PROCESS:

UNCONFINED COMPOSTING. THIS PROCESS IS CONDUCTED IN LONG PILES (WINDROWQ OR IN STATIC PILES.
OPERATIONS USING UNCONFINED COMPOSTING METHODS MAY PROVIDE OXYGEN TO THE COMPOST BY TURNING THE
PILESBY HAND OR MACHINE OR BY USING AIRBLOWERS WHICH MAY BE OPERATED IN EITHERA POSTIVE (BLONING)
OR NEGATIVE (SUCTION) MODE. FOR WINDROWS WITHOUT BLOWER AERATION, IT ISTYPICAL TO TURN THE
WINDROW TWO OR THREE TIMES A WEEK, USING A FRONT END LOADER. PROPERLY OPERATING AERATED STATIC
PILES DO NOT REQUIRE TURNING.

CONFINED (IN-VE$EL) COMPOSTING. THIS PROCESS IS CARRIED OUT WITHIN AN ENCLOSED CONTAINER, WHICH
MINIMIZES ODORS AND PROCESS TIME BY PROVIDING BETTER CONTROL OVER THE PROCESS VARIABLES ALTHOUGH
IN-VESSEL COMPOSTING HAS BEEN EFFECTIVE FOR SMALL OPERATIONS, TYPICALLY THESE OPERATIONS ARE
PROPRIETARY AND THEREFORE WILL NOT BE DESCRIBED ANY FURTHER IN THIS FACT SHEET.

DESIGN CONSIDERATIONS

THE KEY PROCESS VARIABLES FOR SUCCESSFUL COMPOSTING ARE THE MOISTURE CONTENT AND CARBON TO
NITROGEN (CZN) RATIO OF THE BIOSOLIDSBULKING AGENT MIXTURE, AND TEMPERATURE AND AERATION OF THE
COMPOST PILE. OTHER PROCESS PARAMETERS SUCH AS VOLATILE ®LIDS CONTENT, PH, MIXING AND THE
MATERIALS USED IN THE COMPOST ALSO AFFECT THE PROCESS.

BI0SOLIDS/BULKING AGENT MIXTURE MOISTURE CONTENT. MOISTURE CONTROL 1S AN IMPORTANT FACTOR FOR
EFFECTIVE COMPOSTING. WATER CONTENT MUST BE CONTROLLED FOR EFFECTIVE STABILIZATION, PATHOGEN
INACTIVATION, ODOR CONTROL AND FINISHED COMPOST QUALITY (BENEDICT, 1988). THE OPTIMUM MOISTURE
CONTENT OF THE MIX 1S BETWEEN 40% AND 60%. AT LESS THAN 40% WATER, THE MATERIAL IS TOO FLUID,HAS
REDUCED POROSITY AND HAS THE POTENTIAL FOR PRODUCING SEPTIC CONDITIONS AND ODORS, ABOVEG60%S0LIDS
THE LACK OF MOISTURE MAY SLOW DOWN THE RATE OF DECOMPOSITION. SINCE TYPICAL DEWATEREDBIOSOLIDS
ARE OFTEN IN THE RANGE OF 15% TO 20% SOLIDS FOR VACUUM FILTERED BIOSOLIDS AND 20% TO 35% SOLIDSFOR
BELT PRESS OR FILTER PRESSED BIOSOLIDS, THE ADDITION OF DRIER MATERIALS (BULKING AGENTS ISUSUALLY
ESSENTIAL.

B10sOLIDS/BULKING AGENT MIXTURE CARBON TO NITROGEN RATIO. MICROORGANISMS NEED CARBON FOR GROWTH
AND NITROGEN FOR PROTEIN SYNTHESIS. FOR EFFICIENT COMPOST ING, THE CARBON TO NITROGEN (C:N) RATIOOF
THE BIOSOLIDSBULKING AGENT MIXTURE SHOULD BE IN THE RANGE OF 25:1 70O 35:1. TABLE 2.8-1 HOWSTHECN

RATIOS OF VARIOUS COMPOSTABLE MATERIALS ASWELL AS THEIR PERCENT NITROGEN.
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TEMPERATURE LEVELS. OPTIMUM TEMPERATURE LEVELS FOR THE COMPOSTING PROCESS ARE BETWEEN 45E AND
55EC. TEMPERATURES SHOULD NOT BE ALLOWED TO EXCEED 65EC (149EF) BECAUSE THE BACTERIA THAT ARE
THE MOST EFFECTIVE FOR ORGANIC DESTRUCTION WILL BE SEVERELY INHIBITED. T EMPERATURESREACHED IN THE
COMPOSTING OPERATION ARE CRITICAL IN DETERMINING WHETHER THE FINAL COMPOST IS CLASSA OR CLASSB
WITH RESPECT TO PATHOGENS AS DEFINED BY 40 CFR PART 503, SUBPART D. THESE CLASSIFICATIONSAREBASED
ON THE FOLLOWING OPERATIONAL STANDARDS.

FOR CLASS A BIOSOLIDS, THE COMPOSTED BIOSOLIDS MUST MEET THE PATHOGEN DENSITY REQUIREMENTSIN 40
CFR PART 503 AND MEET THE PFRP REQUIREMENTS INCLUDING THE FOLLOWING TEMPERATURE/TIME
REQUIREMENTS

TABLE 2.8-1
APPROXIMATE NITROGEN CONTENT AND C:N RATIOS
OF SOME COMPOSTABLE MATERIAL, DRY BASIS

MATERIAL N(%) C:N
POULTRY MANURE 6.3 --
MIXED SLAUGHTERHOUSE WASTE 7-10 2
ACTIVATED BIOSOLIDS 5.0-6.0 6
DIGESTED BIOSOLIDS 1.9 16
SHEEP MANURE 3.75 --
PIG MANURE 3.75 --
HORSE MANURE 2.3 --
FARMYARD MANURE (AVG.) 2.15 14
SEAWEED 1.9 19
WEEDS 2.0 19
Cow MANURE 1.7 --
POTATO TOPS 15 25
COMBINED REFUSE (AVG.) 0.51.4 30-80
FoOoOD WASTES 2.0-3.0 15
FRUIT WASTES 15 35
OAT STRAW 1.05 48
WHEAT STRAW 0.3 128
PAPER 0.2 170
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FRESH sawDUST
NEWSPAPER
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0.11
NIL

0.07

511

700
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FrRoM GoTAAS, H.G., 1956, COMPOSTING. SANITARY DISPOSAL AND RECLAMATION OF ORGANIC WASTES, WHO
MONOGRAPH SERIES 31, WORLD HEALTH ORGANIZATION, GENEVA.

$ AERATED STATIC PILES AND IN-VESSEL SYSTEMS MUST BE MAINTAINED AT A MINIMUM OPERATING
TEMPERATURE OF 55EC (131EF) FOR AT LEAST 3 DAYS AND

$ WINDROW PILES MUST BE MAINTAINED AT A MINIMUM OPERATING TEMPERATURE OF 55EC (131EF) FoR
15 DAYSORLONGER. THE PILES MUST BE TURNED THREE TIMES DURING THIS PERIOD.

FORCLASS B BIOSOLIDS AERATED STATIC PILE, CONVENTIONAL WINDROW AND IN-VESSEL COMPOSTING METHODS
MUST MEET THE PSRP REQUIREMENTS INCLUDING THE FOLLOWING TEMPERATURE/TIME REQUIREMENTS

$ THE COMPOST PILE MUST BE MAINTAINED AT A MINIMUM OF 40EC FOR AT LEAST FIVE DAYS AND

$ DURING THE FIVE-DAY PERIOD, THE TEMPERATURE MUST RISE ABOVE 55EC FOR AT LEAST FOUR HOURSTO
ENSURE PATHOGEN DEST RUCTION. THISISUSUALLY DONE NEAR THE END OF THE ACTIVE COMPOSTING
PHASE IN ORDER TO PREVENT INACTIVATING THE ORGANIC DESTROYING BACTERIA.

To MEET 40 CFR PaRT 503 VECTOR ATTRACTION REDUCTION REQUIREMENTSUSING THE "AEROBIC PROCESS"
ALTERNATIVE, COMPOSTING OPERATIONS MUST ENSURE THAT THE PROCESS LASTS FOR 14 DAYS OR LONGER AT A
TEMPERATURE GREATER THAN 40EC. IN ADDITION, THE AVERAGE TEMPERATURE MUST BE HIGHER THAN 45EC,

THE SURFACE AREA TO VOLUME RATIO HAS AN EFFECT ON THE TEMPERATURE OF THE PILE. ASSUMING OTHER
FACTORS ARE CONSTANT (E.G., MOISTURE, COMPOSITION, AERATION), LARGER PILES (WITH THEIR LOWER SURFACE
AREA TO VOLUME RATIO), RETAIN MORE HEAT THAN SMALLER PILES. AMBIENT TEMPERATURES HAVE A
SIGNIFICANT IMPACT ON COMPOSTING OPERATIONS (BENEDICT, 1988).

OXYGEN LEVELS. FOR OPTIMUM AEROBIC BIOLOGICAL ACTIVITY, AIR WITHIN THE PILE SHOULD HAVE OXYGEN
LEVELS OF BETWEEN 5% AND 15%. LOWER LEVELS OF OXYGEN WILL CREATE ODORS AND REDUCE THE EFFICIENCY
OF THE COMPOSTING. EXCESSIVE AERATION WILL COOL THE PILE, SLOW THE COMPOSTING PROCESS, AND WILL NOT
PROVIDE THE DESIRED PATHOGEN AND VECTOR ATTRACTION REDUCTION.

CONVENTIONAL WINDROWS OBTAIN NECESSARY OXYGEN THROUGH THE NATURAL DRAFT AND VENTILATION
INDUCED FROM THE HOT, MOIST AIR PRODUCED DURING ACTIVE COMPOST ING AND FROM THE PERIODIC WINDROW
TURNING. WHERE BLOWERS ARE USED FOR AERATION, IT ISTYPICAL TO PROVIDE AT LEAST ONE BL OWERPERFILE.

BIOSOLIDS/BULKING AGENT MIXTURE VOLATILE SOLIDS CONTENT. THE VOLATILE SOLIDS GONTENT OF THE
BIOSOLIDSBULKING AGENT MIX SHOULD BE GREATER THAN 50% FOR SUCCESSFUL COMPOSTING (EPA, 1985). THIS
PARAMETER IS INDICATIVE OF THE ENERGY AVAILABLE FOR BIOLOGICAL ACTIVITY.
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B10SOLIDS/BULKING AGENT MIXTURE PH. THE PH OF THE BIOSOLIDSBULKING AGENT MIX SHOULD BEIN THE RANGE
OF 6 TO 9 FOR EFFICIENT COMPOSTING (EPA, 1985). HGHER PH MIXTURES MAY RESULT IF LIME STABILIZED
BIOSOLIDS ARE USED. THEY CAN BE COMPOSTED; HOWEVER, IT MAY TAKE LONGER FOR THE COMPOSTING FROCESS
TO ACHIEVE THE TEMPERATURES NEEDED TO REDUCE PATHOGENS,

BIOsOLIDS AND BULKING AGENT MIXING. UNIFORM MIXING IS NECESSARY IN ORDER TO ASSURE THAT MOISTURE
CONCENTRATION IS CONSTANT THROUGH THE PILE AND THAT AIR CAN FLOW THROUGHOUT. A MIXING TIME OF
40-45 MINUTESISTYPICAL.

TYPE OF BIOSOLIDS. THE TYPE OF BIOSOLIDS USED MAY HAVE AN EFFECT ON THE COMPOSTING PROCESS
COMPOSTING CAN BE ACCOMPLISHED WITH UNSTABILIZED BIOSOLIDS, AS WELL AS ANAEROBICALLY AND
AEROBICALLY DIGESTED BIOSOLIDS. RAW BIOSOLIDS HAVE A GREATER POTENTIAL TO CAUSE ODORS BECAUSE THEY
HAVE MORE ENERGY AVAILABLE AND WILL, THEREFORE, DEGRADE MORE READILY. THISMAY CAUSE THE COMPOST
PILE TO ACHIEVE HIGHER TEMPERATURES FAST ER UNLESS SUFFICIENT OXYGEN IS PROVIDED AND MAY ALSO CAUSE
ODORS (EPA, 1985).

MATERIAL FOR BULKING AGENTS. MATERIALS SUCH AS WOOD CHIPS SAWDUST AND RECYCLED COMPOST ARE
USUALLY ADDED AS "BULKING AGENTS' OR "AMENDMENTS' TO THE COMPOST MIX TURE TO PROVIDE AN ADDITIONAL
SOURCE OF CARBON AND TO CONTROL THE MOISTURE CONTENT OF THE MIXTURE. OTHER COMMON BULKING
AGENTS USED BY FACILITIES AROUND THE COUNTRY INCLUDE WOOD WASTE, LEAVES, BRUSH, MANURE, GRASS,
STRAW, AND PAPER (GOLDSTEIN, 1994). BECAUSE OF THEIR COST , WOOD CHIPS ARE OFTEN SCREENED OUT FROM
THE MATURED COMPOST, FOR RE-USE. ALTHOUGH SAWDUST IS FREQUENTLY USED FOR IN-VESSEL COMPOSTING,
COARSER MATERIALS SUCH AS WOOD CHIPS WOOD SHAVINGS, AND GROUND-UP WOOD ARE OFTEN PREFERRED
BECAUSE THEY PERMIT BETTER AIR PENETRATION AND ARE EASIER TOREMOVE. RECYCLED COMPOST IS OFTEN
USED AS A BULKING AGENT IN WINDROWS ESPECIALLY IF BULKING AGENTS MUST BE PURCHASED. HOWEVER, ITS
USE IS LIMITED BECAUSE THE POROSITY DECREASES AS THE RECYCLE AGES (EPA, 1989).

THE AMOUNT OF BIOSOLIDS AND BULKING AGENT WHICH MUST BE COMBINED TO MAKE A SUCCESSFUL COMPOST IS
BASED ON A MASS BALANCE PROCESS CONSIDERING THE MOISTURE CONTENTS, C:N RATIO, AND VOLATILE SOLIDS
CONTENT.

COMPOSTING OPERATION AND SITING CONSIDERATIONS

COMPOSTING PERFORMANCE

A RANGE FROM 0.4 TO 1 CUBIC YARD OF FINISHED COMPOST WAS GENERATED PER WET TON OF BIOSOLIDS IN ONE
COMPOST PLANT SURVEY. THIS IS EQUIVALENT TOABOUT 0.7 TO 2.0 DRY TONS OF COMPOST PER DRY TON OF
BIOSOLIDS THE LARGER VOLUMES ARE DUE TO THE INCORPORATION OF WOOD CHIP FINES OR OTHER AMENDMENT
MATERIALS WHICH ARE NOT REMOVED DURING SCREENING. FINISHED STATIC PILE COMPOST WAS FOUND TOHAVEA
TOTAL SOLIDS CONTENTS FROM ABOUT 50% TO 69% AND BULK DENSITIES OF 900 T0O 1,500 POUNDS PER CUBIC
YARD. FINISHED WINDROW COMPOST HAD SOLIDS CONTENTS OF UP TO 60% (BENEDICT, 1988).

CompPosT PILE SZE
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IN GENERAL, ASSUMING ADEQUATE AERATION, THE LARGER THE PILE THE BETTER. A LARGER PILE HAS LESS
SURFACE AREA PER CUBIC YARD OF CONTENTS AND THEREFORE RETAINS MORE OF THE HEAT THAT ISGENERATED
AND IS LESS INFLUENCED BY AMBIENT CONDITIONS. IN ADDITION, LESS COVER AND BASE MATERIAL (RECYCLED
COMPOST, WOOD CHIPS ETC.) IS NEEDED AS WELL ASTHE OVERALL LAND REQUIREMENTS FOR THE GOMPOST

OPERATION.
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A TYPICAL AERATED STATIC PILE FOR A LARGE OPERATION WOULD BE TRIANGULARLY SHAPED IN CROSS SECTION
ABOUT 3 METERS(M) HIGH BY 4.5 TO 7.5 M WIDE (15TO 25 FEET) AT THEBASEBY 12TO 15M LONG (39 TO 50
FEET) (HAUG, 1980). ONE SURVEY STUDY INDICATES THAT EXTENDED AERATED STATIC PILE (WHERE PILESARE
FORMED ON THE SIDE OF OLDER PILES) HEIGHTSWERE TYPICALLY 12 7O 13 FEET HIGH. MINIMUM DEPTHSOF BASE
AND COVER MATERIALS (RECYCLED COMPOST, WOOD CHIPS ETC.) WERE 12 AND 18 INCHES RESPECTIVELY
(BENEDICT, 1988).

IN WINDROW COMPOSTING, THE COMPOST MIX IS SACKED IN LONG PARALLEL ROWS IN CROSS SECTION,
WINDROWS MAY RANGE FROM RECTANGULAR TO TRAPEZOIDAL TO TRIANGULAR, DEPENDING UPON THE MATERIAL
AND THE TURNING EQUIPMENT. A TYPICAL TRAPEZOIDAL WINDROW MIGHT BE 1.2M (4 FEET) HIGH BY 4.0M (13
FEET) AT ITSBASE AND 1.0 M (3 FEET) ACROSS THE TOP (HAUG, 1980).

LAND REQUIREMENTS

UNIT OPERATION AREA REQUIREMENTS IN ACRESPER WET TON PER DAY (AC/WTPD) IS SITE- AND PROCESS-SPECIHC.

REQUIREMENTS DEPEND ON VARIABLES SUCH ASDAILY BIOSOLIDS LOADINGS, STORAGE REQUIREMENTS DRYING
TECHNIQUES, COMPOSTING METHOD AND RUNOFF CONTROL. |N ONE STUDY, A RANGE OF 0.08 TO 0.14 AC/WTPD
WAS FOUND (BENEDICT, 1988). TYPICALLY, OPERATIONS ARE CARRIED OUT ON PAVED SURFACES WHICH PERMIT
COLLECTION AND TREATMENT OF RUNOFF. ENCLOSING OR COVERINGKEY OPERATING AREASSJCH ASAREASWHERE
STATIC PILES ARE MIXED ARE COMMON, ESPECIALLY IN AREAS WITH HIGH ANNUAL PRECIPITATION.

EQUIPMENT REQUIREMENTS

UNCONFINED COMPOSTING IN STATIC PILES AND WINDROWS REQUIRES MATERIALSMOVING AND MIXING EQUIPMENT.

FRONT END LOADERS ARE OFTEN USED FOR ROUGH MIXING, PILE CONSTRUCTION, PILE TEARDOWN ACTIVI TIESAND
MATERIALS STORAGE AND TRANSFER OPERATIONS. SPECIALIZED EQUIPMENT SUCH AS MOBILE COMPOSTERS ARE
USED FOR FINE MIXING AND WINDROW TURNING. OTHER EQUIPMENT MAY INCLUDE DUMP TRUCKS, DRUM SCREENS
AND AERATION BLOWER ASSEMBLIES (BENEDICT, 1988).

MANPOWER REQUIREMENTS

MANPOWER REQUIREMENTSARE HIGHLY VARIABLE AND SITE SPECIFIC. STATIC PILE OPERATIONSTEND TOBEMORE
LABOR INTENSIVE THAN CONVENTIONAL WINDROW OPERATIONS.

ODOR CONTROL

ODOR IS OFTEN THE MAJOR PROBLEM AND IMPEDIMENT TO A SUCCESSFUL COMPOSTING OPERATION. CAREFUL
PLANNING SHOULD BE DONE TO ASSURE THAT OPERATIONS ARE CONDUCTED IN AN AREA AND IN A MANNER THAT
WILL NOT PRODUCE NUISANCE COMPLAINTS A GOOD PUBLIC RELATIONS EFFORT CAN HELP TOMINIMIZE THESE
PROBLEMS. HOWEVER, A PROGRAM TO MINIMIZE ODORS IS ESSENTIAL.

IN GENERAL, USING PARTIALLY STABILIZED (E.G., ANAEROBICALLY DIGEST ED) BIOSOLIDS WILL DECREASE ODORS
ADDITIONALLY, ASLISTED BELOW, CERTAIN DESIGN AND OPERATIONAL FEATURES CAN HELP TO MINIMIZE ODOR
GENERATION (BENEDICT, 1988):
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$ TRUCKSHAULING DEWATERED BIOSOLIDS SHOULD BE COVERED AND FREQUENTLY CLEANED;

$ BEFORE COMPOSTING, PILES OF BIOSOLIDS SHOULD NOT BE ALLOWED TO SIT FOR PROLONGED PERIODS OF
TIME. THE COMBINATION OF HOT WEATHER AND AGING RAW BIOSOLIDS ASSURE ODOR GENERATION;

$ ANINITIAL SOLIDSCONTENT OF 40% OR MORE IS CRITICAL FOR ODOR CONTROL. A UNIFORM, THOROUGH
MIX IS NEEDED TO AVOID CLUMPS AND THE GENERATION OF ODORS DUE TO ANAEROBIC FERMENTATION;

$ STATIC PILES SHOULD EE COVERED DAILY WITH A LAYER OF FINISHED COMPOST OR BULKING AGENT.
ENCLOSING THE ENTIRE OPERATION AND PROVIDING EXHAUST GAS SCRUBBING CAN ALSO BE EFFECTIVEIN
SOME SITUATIONS

$ LIMITING THE QUANTITY OF BIOSOLIDS TO BE COMPOSTED DAILY CAN HELP REDUCE ODORS,

$ WHEN AIR IS DRAWN INTO THE AN AERATED STATIC PILE (NEGATIVE PRESSJRE) A SEPARATE EXHAUST
SCRUBBER SYSTEM SHOULD BE USED PRIOR TO ATMOSPHERIC DISCHARGE. THIS MAY BE A FINISHED
COMPOST PILE OR A MORE COMPLEX SYSTEM (E.G., BIOFILTER, DISCHARGING INTO THE WASTEWATER
TREATMENT PLANT);

$ TEARDOWN OF PILES CAN RELEASE ODORS. | T ISRECOMMENDED THAT HIGH RATE AERATION FOR24T048
HOURS BEFORE PILE TEARDOWN BE USED IN ORDER TO LOWER THE PILE TEMPERATURE AND TOCONTROL
ODOR RELEASES. ALSO, RESTRICTING TEARDOWNS TO TIMES WHEN AIR INVERSIONS CAN OCCUR ORWINDS
ARE HIGH CAN HELP;

$ PROPER SITE DRAINAGE IS NEEDED TO PREVENT PONDING AND ODOR GENERATION. LEACHATE,
CONDENSATE AND RUNOFF SHOULD BE COLLECTED AND DISPOSED OF, AND;

$ EFFECTIVE HOUSEKEEPING PROCEDURES SUCH ASWASHING EQUIPMENT, FLUSHING AND SWEERING WORKING
AREAS ARE IMPORTANT.

OTHER METHODS WHICH HAVE BEEN USED TO CONTROL ODORS FROM IN-VESSEL FACILITIES INCLUDE: 1) DILUTING
ODORS WITH LARGE VOLUMES OF AIR; 2) BUBBLING THE AIR THROUGH THE MIXED LIQUOR IN THE TREATMENT
PLANT; 3) PASSING THE AIR THROUGH COMPOST "EARTH" BIOFILTERS, AND 4) TREATING THE AIR CHEMICALLY
THROUGH OZONE OXIDATION OR SCRUBBERS FREQUENTLY, HOWEVER, THESE TECHNIQUES HAVE HAD LIMITED
success (EPA, 1989).

Dusr CoNTROL

DuUST GENERATION AND RELEASE OF BACTERIA AND FUNGI, SUCHAS A. FUMIGATUS AEROSPORA, ISA POTENTIAL
PROBLEM AT COMPOST FACILITIESAND CAN BE MINIMIZED BY AVOIDING OVERDRYING, MINIMIZING PILE TURNING
AND MOVING DURING WINDY PERIODS, COVERING PILESWITH RECYCLED MATERIALS, AND ENCLOSING FACILITIES

TROUBLE-SHOOTING COMPOSTING OPERATIONS
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BECAUSE COMPOSTING OPERATIONS MUST BE DESGNED BASED ON NUMEROUS SITE-SPECIFIC CONDITIONS AND
PARAMETERS, GUIDANCE ON THE PROPER OPERATION OF A FACILITY ISDIFFICULT TO PROVIDE IN GENERAL TERMS
THEREFORE, A LIST OF POTENTIAL PROBLEMS, CAUSES AND POSSIBLE SOLUTIONS HAS BEEN PROVIDED IN TABLE
2.17-2 FOR THE SMALL WASTEWATER TREATMENT OPERATOR TO CONSIDER.

A TYPICAL BIOSOLIDS COMPOST OPERATION

AN EXAMPLE OF A TYPICAL, HYPOTHETICAL BIOSOLIDS COMPOSTING OPERATION IS PRESENTED BELOW INORDERTO
GIVE A GENERAL UNDERSTANDING OF THE STEPS INVOLVED IN COMPOSTING. THE PROCESS DESCRIBED IS FOR AN
AERATED STATIC PILE.

ON A PAVED SURFACE, A LAYER OF DEWATERED BIOSOLIDS IS DUMPED ONTO A 6- TO 12-INCH LAYER OF WOOD
CHIPS THE WOOD CHIPS USED ASA BULKING AGENT, ARE MIXED AT A RATIO OF APPROXIMATELY 2.5-4.5 cuBIC
YARDS OF CHIPS TO ONE TON OF WET BIOSOLIDS. FINISHED COMPOST ISOFTEN ALSO ADDED. THESE ADDITIVES
REDUCE THE OVERALL MOISTURE CONTENT AND PROVIDE STRUCTURE TO THE PILE, ENHANCING AIR FLOW. THE
TOTAL MIX SHOULD HAVE A SOLIDS CONTENT OF APPROXIMATELY 50%. THE BIOSOLIDS AND WOOD CHIPS ARE
THEN MIXED BY A SMALL FRONT END LOADER TO PRODUCE A UNIFORM MIXTURE WITH NO LARGE BIOSOLIDSBALLS
A ROTOTILLER MIGHT ALSO BE USED TO COMPLETE THE MIXING. A PILE IS THEN FORMED WHICH MAY BE 5T013
FEET HIGH. THE PILE IS PLACED OVER A PERFORATED PIPING SYSTEM IN A BED OF WOOD CHIPS AND THE PIPING
SYSTEM ATTACHED TO A SUCTION BLOWER. THISBLOWER DISCHARGES THROUGH A RECY CLED COMPOST PILE FOR
ODOR CONTROL. THE MAIN COMPOST PILE IS COVERED WITH A LAYER OF RECYCLED COMPOST . |DEALLY, THEPILE
AREA IS COVERED OR ENCLOSED TO PROTECT IT FROM THE ELEMENTS AND TO HELP CONTROL ODORS

DURING A 21-DAY PERIOD, THE COMPOST GOES THROUGH THE ACTIVE PHASE OF COMPOSTING. DURING THE FIRST
WEEK, 3,500 17O 4,000 CuUBIC FEET PER HOUR (CFH) OF AIR PER DRY TON OF BIOSOLIDS IS USED TO PROMOTE
MATERIAL DECOMPOSITION AND ODOR CONTROL. DURING THE NEXT TWO WEEKS, AERATION IS CONTROLLED TO
MAINTAIN THE TEMPERATURE BETWEEN 40E AND 60EC, INCLUDING A MINIMUM OF 3 DAYS ABOVE 55E (AS
REQUIRED BY 40 CFR PART 503); AERATION IS INCREASED TO 6,000 CFH PER DRY TON FOR DRYING AND ODOR
CONTROL. IF THE TEMPERATURE OBJECTIVES ARE NOT MET, THE BIOSOLIDS IS RECYCLED INTO NEW PILES.
TEMPERATURE AND OXYGEN ARE MONITORED DAILY WITH PORTABLE METERS AT SEVERAL POINTSIN THE PILE.

AT THE END OF THIS PERIOD, IF THE MATERIAL IS NOT SUFFICIENTLY DRY, IT ISPLACED ON A SL AB15TO 18INCHES
THICK, ROTOTILLED AND ALLOWED TO LET STAND UNTIL A 50% SOLIDS LEVEL IS OBTAINED. ABOUT 1,500
SQUARE FEET PER WET TON PER DAY WOULD BE NEEDED. FOR APPROXIMATELY 30 DAYS THE COMPOST ISCURED
FOR ADDITIONAL DESTRUCTION OF PATHOGENS AND ADDITIONAL DRYING. A POSITIVE BLOWER FOR AERATION MAY
BE USED.

FINISHED COMPOST USUALLY REQUIRES MECHANICAL SCREENING TO THE 1/4" TO 3/8" RANGE, WHICH WILL
TYPICALLY RECOVER 65% TO 85% OF THE WOOD CHIPS THE RECYCLED CHIPS ARE STORED FOR REUSE. THE
FINISHED COMPOST IS STORED N COVERED AREAS FOR FUTURE DISTRIBUTION AND FOR USE AS A COMPOST

AMENDMENT.
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TABLE 2.8-2. POTENTIAL PROBLEMS, CAUSES, AND POSSIBLE SOLUTIONS FOR BIosoLIDS COMPOSTING
OPERATIONS.
PROBLEM POTENTIAL CAUSE POssIBLE SOLUTION

1. SoworLOW
TEMPERATURE
RISE

2. ODOR CREATION

3. Dust

11

111

112

113

12

121

121

13

131

132

14

21

211

212

213

22

23

24

25

26

27

2.8

31

LOw OXYGEN SUPPLY

Low OXYGEN FLOW

PLUGGED PIPE

LOw BLOWER CAPACITY

Low PILE POROSITY

INCORRECT C:N RATIO

Low CARBON SUPPLY

LOW NITROGEN SUPPLY

INCORRECT SOLIDS CONTENT

TOO DRY

TOO WET

COLD AMBIENT CONDITIONS

ANAEROBIC CONDITIONSIN PILE

Low POROSITY

LIMITED OXYGEN FLOW

POORLY MIXED BIOSOLIDS AND
BULKING AGENT

POOR RUNOFF DRAINAGE

POOR HOUSEKEEPING

POOR WEATHER CONDITIONS FOR
TURNING, BREAKDOWN AND MOVING
PILES

TYPE OF BIOSOLIDS

BIOSOLIDS TOO WET

ACCUMULATION OF BIOSOLIDS

POOR ODOR CONTROL

BIOSOLIDS TOO DRY

CLEAN OUT PERFORATIONS AND PIPE

CHECK AIR FLOW; INCREASE FLOW;
INCREASE BLOWER SIZE

ADD MORE BULKING AGENT; CHECK DRYNESS

ADD MORE OR CHANGE BULKING AGENTS

CHECK PERCENT NITROGEN OF BIOSOL DS INCREASE BIOSOLIDS PERCENT

CHECK IF INITIAL BIOSOLIDS ISMORE THAN 50% SOLIDS WATER PILE

CHECK IF MIXTURE IS LESS THAN 45%; INCREASE BIOSOLIDS DRYNESS; ADD MORE
DRY BULKING AGENT; CHANGE BULKING AGENT; INCREASE BULKING AGENT SIZE

FORM LARGER PILES COVER WITH MORE RECY CLED COMPOST ; SHIELD OR
ENCLOSE AREA

ADD MORE BULKING AGENT; USE DRIER BIOSOLIDS OR BULKING AGENT; MIX
BETTER

INCREASE AERATION

MIX FOR LONGER TIME; USE OTHER EQUIPMENT (E.G., ROTOTILLER)

CORRECT DRAINAGE; RECYCLE TO PLANT

WASH DOWN ALL EQUIPMENT, TRUCKS ETC.

AVOID ACTIVITY DURING WINDY PERIODS OR WHEN TEMPERATURE INVERSIONS
CAN OCCUR

USE DIGESTED INSTEAD OF RAW BIOSOLIDS LIME TREAT RAW BIOSOLIDS

ADD MORE BULKING AGENT TO INCREASE SOLIDSABOVE 40%

LIMIT TIME BIOSOLIDS ARE ALLOWED TO SIT AT SITE

USE ODOR CONTROL SYSTEM SUCH AS BIOFILTER, SCRUBBING SYSTEM OR
MASKING AGENTS

LIMIT BIOSOLIDS SOLIDS CONTENT LESS THAN 65-70% SOLIDS WATER IF NEEDED
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TABLE 2.8-2. POTENTIAL PROBLEMS, CAUSES, AND POSSIBLE SOLUTIONS FOR BIosoLIDS COMPOSTING
OPERATIONS.

PROBLEM

PoTENTIAL CAUSE

POSSIBLE SOLUTION

PRODUCTION

3.2 COMPOST TURNING, TEARDOWN

3.3 EQUIPMENT ACTIVITY ON UNPAVED
AREAS

34 POOR HOUSEKEEPING

USE FORCED AERATION INSTEAD OF TURNING; LIMIT ACTIVITIES TO MINIMUM
AND DURING LOW WIND CONDITIONS SPRAY WHILE TURNING,; ENCLOSE MIXING
AREA ESPECIALLY IF RECYCLED COMPOST ISUSED

PAVE AREAS

WASH DOWN ROADS EQUIPMENT
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SAMPLE HANDOUT TO COMPOST RECIPIENTS

THE FOLLOWING DOCUMENT IS AN EXAMPLE OF AN INFORMATION SHEET THAT COULD BE GIVEN TO PEOPLE WHO
HAVE EITHER PURCHASED OR RECEIVED FREE OOMPOST. THE INFORMATION COULD BE TAILORED TO MEET YOUR
SPECIFIC SITUATION. THE DOCUMENT CAN BE DOWNLOADED AT
HTTP://CRU32.CAHE.WSU.EDU/STEWARDSHIP/BIOSOLID/BIOSOLID.HTM (BIOSOLIDS. A RECYCLED ORGANIC FERTILIZER
BY WASHINGTON STATE UNIVERSITY COOPERATIVE EXTENSION); USED WITH PERMISSION OF WASHINGTON STATE
UNIVERSITY EXTENSION.
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BIOsOLIDS: A RECYCLED
ORGANICFERTILIZER

USING BIOSOLIDSIN YOUR
YARD: HEALTH AND
SAFETY QUESTIONS AND
ANSWERS

STEWARDSHIP GARDENING
LINKSOUTSIDE WSU

BIOSOLIDS
A RECYCLED ORGANIC FERTILIZER
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BIOSOLIDS ARE THE
TREATED SOLID
MATERIAL LEFT OVER
FROM THE
WASTEWATER
TREATMENT
PROCESS. BIOSOLIDS,
ALSO CALLED
SEWAGE  SLUDGE,
CONTAINS WATER,
SAND, NUTRIENTS

USED AS A
FERTILIZER, A SMALL
NUMBER OF
MICROORGANISMS
AND TRACE
AMOUNTS OF
METALS AND
CHEMICALS.

MUCH OF THE BIOSOLIDSISRECYCLED ON LAND IN AGRICULTURE, FORESTRY,
AS A SOIL IMPROVER AND IN COMPOSTING PROJECTS. BIOSOLIDS ARE A
VALUABLE SOURCE OF FERTILIZER NUTRIENTS AND ARE USED IN A WIDE
VARIETY OF CROPS, INCLUDING WHEAT, BARLEY, HOPS, RANGELAND OR ARE
COMPOSTED AND USED N YARDS AND GARDENS. BIOSOLIDS CONTAIN
SIGNIFICANT AMOUNTS OF ALL NUTRIENTS REQUIRED BY PLANTS INCLUDING
NITROGEN, PHOSPHORUS, POTASSIUM, AND MICRONUTRIENTS. BECAUSE
BIOSOLIDSVARY BY SOURCE AND TREATMENT PROCESS, DIFFERENT BIOSOLIDS
WILL CONTAIN DIFFERENT AMOUNTS OF THESE NUTRIENTS.

BIOSOLIDS ARE SOIL CONDITIONERS AND IN A SHORT TIME AFTER BEING
ADDED TO THE SOIL, WILL RESEMBLE A RICH, ORGANIC TOPSOIL. THEORGANIC
MATTER INCREASESWATER RETENTION AND RETAINSNUTRIENTS INTHESOIL,
SIMILAR TO THE EFFECTS OF PEAT MOSS, AND HELPS PLANTS WITHSTAND
DROUGHT. IN ADDITION, ORGANIC MATTER IMPROVES SOIL TILTH, MAKING
THE SOIL EASIER TO WORK AND PERMITS EASER ROOT PENETRATION.ADDING
BIOSOLIDS TO THE SOIL CAN BOTH IMPROVE WATER RETENTION AND
ACCELERATE PLANT ESTABLISHMENT, POTENTIALLY REDUCING
STORM -WATER RUNOFF AND EROSION.

THE ENVIRONMENTAL PROTECTION AGENCY HAS DEFINED TWO CLASSES OF
BIOSOLIDSASTHEY RELATE TO PATHOGENS, ORGANISMS THAT ARE CAPABLE
OF CAUSING DISEASES IN HUMANS. A DESIGNATION OF "CLASS A" MEANS
THAT ALL PATHOGENS HAVE BEEN DESTROYED IN THE TREATMENT PROCESS
CLASSA CAN BE ACHIEVED THROUGH A DIGESTION WHICH HEATSBIOSOLIDS
T0 1400 F, THROUGH COMPOSTING THE BIOSOLIDS, ORWITH HEAT DRYING
TO PRODUCE A PELLET OR GRANULAR FRODUCT. CLASS B MEANS THAT
THERE HAS BEEN A SIGNIFICANT REDUCTION OF PATHOGENS IN THE BIOSOLIDS
BUT HAVE NOT BEEN ELIMINATED. BOTH CLASSA AND CLASS B MATERIALS
ARE SAFE FOR LAND APPLICATION, HOWEVER, ADDITIONAL MANAGEMENT
PRACTICES ARE REQUIRED OF CLASS B PRODUCTS. CLASS A PRODUCTSMAY
BE USED IN ANY SETTING, INCLUDING HOME LAWN AND GARDENS EXAMPLES
OF CLASS A PRODUCTS INCLUDE TAGRO FROM THE CITY OF TACOMA,
WASHINGTON; GRrROCO FROM KING CoOUNTY, WASHINGTON; AND
MILORGANITE FROM MILWAUKEE, WISCONSIN.
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BIOsSOLIDS CAN BE
COMPOSTED  WITH
SEVERAL DIFFERENT
MATERIALS. THE
MOST COMMON [N
WASHINGTON IS
SAWDUST OR WOOD
CHIPS. CURRENTLY,

YARD WASTE HAS BECOME A COMMON BULKING AGENT IN COMPOSTING
BIOSOLIDS. COMPOSTING, THE BIOLOGICAL DECOM POSITION OF ORGANIC
MATTER, PRODUCES A STABLE, DRIER BIOSOLIDS PRODUCT WITH ABOUT HALF
WATER AND HALF SOLIDS. DURING DECOMPOSITION, SOME MATERIALSIN THE
BIOSOLIDS ARE CONVERTED TO GAS, WATER AND HEAT. THIS DRIES THE
COMPOST,, WHILE THE HEAT GENERATED INCREASES THE EFFICIENCY OF THE
COMPOSTING PROCESS AND KILL PATHOGENS.

M ORE INFORMATION ABOUT THIS TOPIC IS AVAILABLE THROUGH YOUR LOCAL COOPERATIVE
EXTENSION OFFICE

SOURCE: JAMES A. KROPF, EXTENSION FACULTY, HORTICULTURE, SVALL FARMS AND
FARM MARKETING. (1998)

USING BIOSOLIDSIN YOUR YARD: HEALTH AND SAFETY QUESTIONS AND ANSWERS

BiosoLIDS: A RECYCLED
ORGANIC FERTILIZER

USING BIOSOLIDSIN YOUR

YARD. HEALTH AND
SAFETY

QUESTIONSAND ANSWERS

STEWARDSHIP GARDENING
LINKSOUTSIDEWSU

ARE BIOSOLIDSAVAILABLE FOR PRIVATE YARDS OR GARDENS, AND IF SO, IS
THERE ANY PROBLEM USING BIOSOLIDS ON VEGETABLES OR AROUND
CHILDREN?

SOME MUNICIPALITIES GIVE BIOSOLIDS AWAY OR SELL IT TO THE GENERAL
PUBLIC FOR LANDSCAPING OR GARDENING PURPOSES. BIOSOLIDS USED
AROUND HOME MUST BE TREATED BY A PROCESS TO FURTHER REDUCE
PATHOGENS SUCH AS COMPOSTING, HEAT TREATMENT OR THERMOPHILIC
DIGESTION. |N SOME PLACES THE BIOSOL DS ARE COMPOSTED WITH SAWDUST
OR OTHER BULKING AGENTSAND SOLD AS A TOPSOIL OR SOIL AMENDMENT.
BIOSOLIDS COMPOST MAKES AN EXCELLENT MULCH, SOIL AMENDMENT AND
SUBSTITUTE FOR MANURE COMPOSTS, PEAT MOSS AND OTHER ELEMENTSUSED
IN SOIL MIXES. CLASS A BIOSOLIDS MAY BE USED FOR LANDSCAPING AND
GARDENING PURPOSES, HOWEVER, WHEN GROWING FOOD CROPS WITH
BIOSOLIDSIT ISRECOMMENDED THAT THE USER MAINTAIN THE SOIL PHATOR
ABOVE 6.0. KEEPING THE SOIL PH AT THIS LEVEL IMMOBILIZES THE TRACE
METALSIN THE SOIL, MINIMIZING ABSORPTION BY PLANTS.

CAN LAND APPLICATION OF BIOSOLIDS TRANSMIT TRACE METALS AND
THEREBY ENDANGER HUMAN HEALTH?

OF THE VARIOUS METALS FOUND IN BIOSOLIDS, CADMIUM AND LEAD ARE OF
THE GREATEST CONCERN TO HUMAN HEALTH. THE GREATEST
ACCUMULATION OF CADMIUM IN THE FOOD CHAIN IS IN THE LEAVES CF
CERTAIN PLANTSAND IN THE LIVERS AND
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KIDNEY S OF ANIMALS THAT LIVE IN OR NEAR THE SOIL. RESEARCHHASSHOWN
THAT LEAD DOES NOT ACCUMULATE SIGNIFICANTLY IN PLANTSAND INTOTHE
ORGANS OF WILDLIFE SUCH ASDEER. | T WAS ALSO FOUND THAT LEAD LEVELS
WERE NOT ELEVATED IN BLACKBERRIES GROWN IN THE TREATED FOREST.
CADMIUM DOES ACCUMULATE IN PLANTS, PARTICULARLY IN LEAFY
VEGETABLES AND ROOT CROPS. EPA RISK ASSESSMENT FOR VEGETABLES
GROWN IN BIOSOLIDS-AMENDED SOILS SHOWS NO SIGNIFICANT HEALTH
EFFECTS FROM EATING THESE VEGETABLESWHEN THE TRACEMETALS INTHE
BIOSOLIDSHAVE BEEN APPLIED AT REGULATED RATES.

COULD A PERSON INHALE AIRBORNE BACTERIA OR VIRUSESWHEN BIOSOLIDS
ARE HANDLED OR APPLIED?

GARDENERS MUST ALWAYS USE COMMON SENSE WHEN HANDLING ANY
CHEMICAL, FERTILIZER, MANURE, OR EVEN GARDEN SOIL. RESEARCH HAS
SHOWN THAT CLASSA BIOSOLIDS CONTAIN NO PATHOGENS.

BAack TO BIOsSOLIDS A RECYCLED ORGANIC FERTILIZER. MOoRE
INFORMATION ABOUT THIS TOPIC IS AVAILABLE THROUGH YOUR LOCAL
COoOPERATIVE EXTENSION OFFICE.

SOuRrcE: JAMES A. KROPF, EXTENSION FACULTY, HORTICULTURE, SvALL
FARMSAND FARM MARKETING. (1998)
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SECTION 2.9 C CONSERVATION TILLAGE AND WIND EROSION TECHNIQUES

THE FOLLOWING DOCUMENT PROVIDES EXAMPLES OF METHODS TO CONTROL SOIL AND WATER EROSION THROUGH
THE USE OF STRUCTURAL CONTROLS, CULTURAL PRACTICES, AND MANAGEMENT PRACT ICES AT BIOSOLIDS LAND
APPLICATION SITES.
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"RECOMMENDED M ANAGEMENT PRACTICESFORCONTROL OF SOIL EROSONAND
SURFACE RUNOFF AT BIOSOLIDS APPLICATION STES"

COLORADO DEPARTMENT
Or PUBLIC HEALTH
AND ENVIRONMENT

THIS DOCUMENT WAS PREPARED BY

CoLORADO DEPARTMENT OF PuBLIC HEALTH AND ENVIRONMENT

WATER QUALITY CONTROL DivisiON
BiosoLIDS MANAGEMENT PROGRAM
4300 CHERRY CREEK DRIVE SOUTH

DeNVER, CO 80246-1530
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THIS DOCUMENT WAS PRODUCED BY THE COLORADO DEPARTMENT PUBLIC HEALTH AND ENVIRONMENT,
BiosOLIDS STAKEHOLDERS COMMITTEE CONSISTING OF ROBERT BROBST OF EPA, CHARLES CAUDILL OF LITTLETON
ENGLEWOOD WASTEWATER TREATMENT PLANT, STEVE FRANK OF METRO WASTEWATER RECLAMATION DISTRICT,
PAuUL GRUNDELMANN OF COLORADO WASTEWATER UTILITY COUNCIL, PAUL HEPPLER OF CITY OF BOULDER
WASTEWATER TREATMENT PLANT, RON JEPSON OF COLORADO STATE UNIVERSITY COOPERATIVE EXTENSION,
ADAMS COUNTY, BECKY PATTERSON OF METRO WASTEWATER RECLAMATION DISTRICT, JOHN PRICE OF DEERTRAIL
SolL CONSERVATION DISTRICT,, BRAD RocK oF COLORADO FARM BUREAU, MIKE SCHARP OF PARKER AG
SERVICES, LORI TUCKER OF CDPH& E, AND PAM WHELDEN OF COLORADO ASSOCIATION OF SOIL
CONSERVATION DISTRICTS

THISDOCUMENT OFFERS EXAMPLES OF HOW TO CONTROL SOIL AND WATER EROSION THROUGH THE USE OF
STRUCTURAL CONTROLS, CULTURAL PRACTICES AND MANAGEMENT PRACT ICESAT BIOSOLIDS LAND
APPLICATION SITES. THISDOCUMENT ISINTENDED TO COMMUNICATE INFORMATION CONCERNING EROSION
CONTROL PRACTICES AND RELATED ISSUESTO WASTEWATER TREATMENT FACILITY STAFF, CONSULTANTS AND
BIOSOLIDS MANAGEMENT CONTRACTORS. THIS DOCUMENT ISNOT INTENDED TO BE AND WILL NOT BE UTILIZED
AS A BASISTO SUPPORT MANDATED SITE MANAGEMENT REQUIREMENTS BUT RATHER AS A TECHNOLOGY
TRANSFER DEVICE. OTHER ALTERNATIVES MAY EXIST OR MAY BE DEVELOPED.

FOR ADDITIONAL INFORMATION ON NUTRIENT MANAGEMENT AND/OR OTHER AGRICULTURAL PRACTICES
CONTACT .

COLORADO DEPARTMENT OF PUBLIC HEALTH AND ENVIRONMENT, BIOSOLIDS PROGRAM - 303/6923613, OR @
WWW.CDPHE.STATE.CO.USWQ/WQHOM.HTML

U.S. EPA ReGION VILL 303/312-6129, OR @ WWW.EPA.GOV/OWM/BIO.HTML

COLORADO ASSOCIATION OF SoIL CONSERVATION DISTRICTS 303/232-6242 OR @ WWW.NRCS

CSU COOPERATIVE EXTENSION DEPARTMENT OF SOIL AND CROP SCIENCES - 970/491-6201 OR @
WWW.COLOSTATE.EDU/DEPTYCOOPEXT/PUBS/PUBSMENU.HTML

WATER ENVIRONMENT FEDERATION - WWW.WEF.ORG

THE FOLLOWING SECTIONS, AWATER EROSION" AND AWIND EROSION" ARE EXCERPTED FROM ABEST
MANAGEMENT PRACTICESFOR WHEAT, A GUIDE TO PROFITABLE AND ENVIRONMENTALLY SOUND
PRODUCTION" - A JOINT EFFORT OF THE COOPERATIVE EXTENSON SYSTEM AND THE NATIONAL ASSOCIATION
OF WHEAT GROWERS FOUNDATION, PRINTED IN THE USA, 1994. "RUNOFF WATER QUALITY" WAS PRODUCED
BY Rocky MOUNTAIN WATER ENVIRONMENTAL ASSOC., BIosoLIDS COMMITTEE.
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RUNOFF WATER QUALITY

WHY SHoULD RUNOFF WATER QUALITY BEA
PROBLEM?

ANY FERTILIZER OR SOIL CONDITIONER, INCLUDING BIOSOLIDS OR BIOSOLIDS CONSTITUENTS HAVE THE
POTENTIAL TO BE CARRIED FROM APPLIED AREAS DURING RAINFALL EVENTS THIS RUNOFF COULD CAUSE
CONTAMINATION OF SURFACE WATERS AND IMPACT IT USES.

WHAT DOES THE RESEARCH SAY?

RAINFALL ON AGRICULTURAL SITES THAT ISHARD ENOUGH OR LONG ENOUGH WILL CAUSE RUNOFF. THE
QUESTION THEN BECOMES WILL THE RUNOFF BE CONTAMINATED ENOUGH TO CAUSE POLLUTION PROBLEMS
DOWNSTREAM OF THE APPLICATION SITE? RUNOFF STUDIES, TO BE OF VALUE, MUST BE CONDUCTED IN A
MANNER SO THAT ONE STUDY CAN BE COMPARED WITH ANOTHER. THE STANDARD TEST STORM |S REPRESENTED
BY A 10 CM (4-INCH) PER HOUR STORM EVENT. IN PRACTICE, RUNOFF ISMEASURED BY 5 CM (2 INCHES) PER 30
MINUTES USING SPECIFIC SPRINKLER HEADS. THE FOLLOWING FINDINGS ARE FROM STUDIES CONDUCTED ON
AGRICULTURAL ASWELL AS GRASSLAND SITES

EFFECTS ON SURFACE WATER FROM DRYLAND AGRICULTURAL SITES

IN PRACTICE, THE SURFACE WATER POLLUTION POTENTIAL FROM APPLYING BIOSOLIDS IS GREATEST FOR
SURFACE-APPLIED BIOSOLIDS APPLIED ON BARE SOIL, FOLLOWED BY INJECTED AND/OR INCORPORATED
BIOSOLIDS AGRICULTURAL PRACTICES ARE MOVING MORE AND MORE TOWARD MORE SUSTAINABLE OPERATIONS
SUCH ASLOW-TILL/NO-TILL IN- AN ATTEMPT TO LEAVE THE SOIL'S SURFACE COVERED WITH ORGANIC MATTER.
STUDIES (MOSTAGHIMI ET AL, 1989) WERE COMPLETED UTILIZING A RAINFALL SIMULATOR TO MEASURE THE
EFFECTS OF DIFFERENT TILLING SYSTEMS AT DIFFERENT BIOSOLIDS APPLICATION RATES.

THE APPLICATION METHOD HAVING THE LEAST POTENTIAL FOR CAUSING OFF-SITE CONTAMINATION FROM
SURFACE WATER IS SURFACE-APPLIED UNDER A NO-TILL FARMING PROGRAM. THE TKN (TOTAL NITROGEN) IN
THE RUNOFF FOR CONVENTIONAL TILLAGE/SURFACE-APPLIED BIOSOLIDS WAS1.5 TIMES THAT FOR THE NO-TILL
APPLICATION. THE NO,-N (NITRATE—NITROGEN) IN THE RUNOFF FOR THE CONVENTIONAL TILLAGE/SURFACE
APPLIED BIOSOLIDSWAS3.6 TIMES THAT OF THE NO-TILL SYSTEMS.

EFFECTS ON SURFACE WATER FROM |RRIGATED AGRICULTURAL SITES

THE CiTY OF FORT COLLINS, COLORADO, OPERATES A RESOURCE RECOVERY FARM EAST OF THE CITY. TO
CONTROL NITROGEN, THE CITY HAS SET UPA NUTRIENT MANAGEMENT PLAN. THE FARM IS A WORKING FARM
RAISING CORN ASITS PRIMARY CROP. THE FARM WAS LASER LEVELED IN 1985 TO AID IN SURFACE IRRIGATION.
BIOSOLIDS WERE APPLIED TO THE FARM AT AGRONOMIC RATES. |N MONITORING UPSTREAM IRRIGATION WATER
QUALITY, ASWELL AS DOWNSTREAM IRRIGATION WATER QUALITY, THE CITY FOUND NO SIGNIFICANT CHANGE
IN ALL FORMS OF NITROGEN: NO3-N, NO,-N, NHs-N, AND TKN-N. (Houck ET AL, 1987)
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EFFECTS ON SURFACE WATER FROM GRASSLANDS

RUNOFF AND EROSION GENERALLY INCREASE WITH DECREASED VEGETATION AND INCREASED SLOPE. STUDIES
(HARRISPIERCE ET AL, 1995, AGUILAR ET AL, 1992) ON AND SEMIARID LANDS HAVE SHOWN THAT, OF THE
CONSTITUENTS MEASURED IN RUNOFF, ALL WERE LESS THAN THE DRINKING WATER STANDARDS AND BELOW
THE RECOMMENDED LEVELSFOR LIVESTOCK WATERS SEVERAL PAPERS FOUND THAT, WITH EACH SUCCESSIVE
RUNOFF EVENT, THE CONCENTRATION OF THE CONSTITUENTS OF CONCERN WAS REDUCED BY 55 PERCENT TO 80
PERCENT (MCLEOD ET AL, 1984) WITH EACH SUCCESSIVE STORM EVENT.

SIGNIFICANT REDUCTIONS IN BOTH SURFACE WATER RUNOFF AND EROSION, EVEN UNDER SIMULATED SEVER
PRECIPITATION CONDITIONS ON 10 PERCENT SLOPES, WERE CONFIRMED IN US FOREST SERVICE/CITY OF
ALBUQUERQUE TRIALS (AGUILARET AL, 1992) AT SEVILLTEA LTER AREA. RUNOFF YIELDS FROM THE NON-
APPLIED CONTROL PLOT S INCREASED PROGRESSIVELY WITH INCREASED PRECIPITATION AND STORM DURATION.

THE BIOSOLIDS-APPLIED PLOTS DID NOT FOLLOW THIS PATTERN. THE RUNOFF FROM THE TREATED PLOTS
REMAINED 2 PERCENT OF THE PRECIPITATION INPUT. SEVERAL REASONS HAVE BEEN SUGGESTED FOR THE LACK
OF RUNOFF, ONE BEING THE EVEN DISTRIBUTION OF THE ORGANIC MATTER ON THE BIOSOLIDS APPLICATION
SITES. THE OTHER ISTHAT THE BIOSOLIDS, TOGETHER WITH THE HIGH INFILTRATION RATES REDUCED THE
STE RUNOFF.

RUNOFF WATER QUALITY

EFFECTS ON SOIL STABILITY

APPLICATION OF BIOSOLIDS CAN REDUCE EROSION THROUGH STABILIZING THE SOIL SURFACE AND PROMOTING
INFILTRATION. STUDIES (EPSTEIN ET AL 1975, KELLING ET AL 1977 AND KLADIVKO ET AL 1979) HAVE SHOWN
THAT THIS WAS ACCOMPLISHED THROUGH PROTECTION OF THE SOIL SURFACE AGAINST RAIN DROP IMPACT AND THE
ASSOCIATED EROSION.

The Potential for Runoff

/ Surface application to no-till fields or
fields with vegetative growth

/ Injection to bare fields or application
followed by incorporation

/  Selection of fields with minimal slope
/  Use of vegetative buffer strips on the

perimeter of applied areas as well as many other soil
erosion control management practices.
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WATER EROSION

DEFINITIONS

WATER EROSION IS THE NATURAL PROCESS OF SOIL MOVEMENT FROM HIGHER AREAS TO LOWER AREAS BY THE
ACTION OF FLOWING WATER. DURING A STORM EVENT, PRECIPITATION MAY COME SO QUICKLY THAT IT CANNOT
INFILTRATE, RESULTING IN RUNOFF. THIS CREATES THE POTENTIAL FOR WATER EROSION. ACTIVITIES SUCH AS SOIL
CULTIVATION AND THE DESTRUCTION AND THE DESTRUCTION OF VEGETATIVE COVER ACCELERATE THIS PROCESS.
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WATER EROSION CAN BE SEPARATED INTO DIFFERENT FORMS BASED ON HOW WATER IS MOVING OVER THE SURFACE.
AT FIRST, WATER WILL MOVE A SHORT DISTANCE AS A THIN FILM OVER THE SOIL SURFACE. LOSS OF SOIL IN THIS
THIN FILM OF WATER IS KNOWN AS SHEET EROSION. AS THE PROCESS CONTINUES, WATER BEGINS TO CONCENTRATE
IN SMALL CHANNELS, OR RILLS. SOIL EROSION DURING THIS PROCESS IS TERMED RILL EROSION. THE RESULTING
SEDIMENT FROM SHEET AND RILL EROSION WILL BE FINER TEXTURED AND WILL CONTAIN HIGHER PROPORTIONS OF
NUTRIENTS AND OTHER ABSORBED POLLUTANTS THAN THAT CONTAINED IN THE SURFACE SOIL AS A WHOLE.

WATER CONCENTRATED INTO RILLS WILL FORM LARGER AND MORE PERSISTENT CHANNELS. THESE CHANNELS ARE
KNOWN AS EPHEMERAL GULLIES AND SOIL EROSION FROM THESE CHANNELS IS TERMED EPHEMERAL GULLY EROSION.
TILLAGE GENERALLY REMOVES THESE CHANNELS AND THEY DO NOT BECOME PERMANENT. EVENTUALLY RUNOFF
WATER REACHES PERMANENT, NATURAL WATER COURSES, SUCH AS DRAINAGE WAYS AND DRAWS. THESE FEATURES
TYPICALLY RUN WATER ONLY DURING PEAK RUNOFF PERIODS. EXCESSIVE SOIL EROSION FROM THESE FEATURES
CAUSES GULLIES AND THIS TYPE OF EROSION IS KNOWN AS GULLY EROSION. GULLIES GENERALLY CANNOT BE
REMOVED BY TILLAGE OR CROSSED WITH EQUIPMENT. RUNOFF WATER ULTIMATELY ENTERS INTERMITTENT OR
PERENNIAL STREAMS. HERE, UNDERCUTTING OR OTHER FORMS OF EROSION FROM THE WATER'S EDGE CAUSES
STREAM BANK EROSION. GULLY AND STREAMBANK EROSION CAN REMOVE LARGER SOIL - ' PARTICLE, AND OFTEN
CONTAINS A MUCH LOWER PROPORTION OF NUTRIENTS AND ABSORBED POLLUTANTS THAN SEDIMENT FROM SHEET.
AND RILL EROSION. EROSION CAN ALSO OCCUR FROM THE STREAM CHANNEL, SUCH AS CHANNEL SCOUR. THIS FORM
OF EROSION IS OFTEN REFERRED TO AS CHANNEL EROSION.

ALL FORMS OF EROSION CAN BE SERIOUS. ALTHOUGH GULLY OR RILL EROSION ARE READILY VISIBLE FORMS, SHEET
EROSION MAY BE RESPONSIBLE FOR THE GREATER SOIL LOSS.

Factors Affecting Water Erosion
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PRINCIPLES OF

WATER EROSION IS A
PROCESSES: (1)

AND (3) DEPOSITION. SEE
FOLLOWING PAGE. SOIL IS
OR THE FORCE OF FLOWING

PARTICLES ARE
WATER. DEPOSITION

SLOWS AND SUSPENDED

Precipitation

Soil

amount

intensity

duration

seasonal distribution
form (rain, snow)

organic matter content
structure

texture

infiltration rate
drainage

surface roughness
freezing

Slope

Crop

Steepness
length
shape

residue
canopy
roots

Management Practices

tillage

conservation structures
crop residue
stripcropping

WATER EROSION

COMBINATION OF THREE
DETACHMENT, (2) TRANSPORT,
THE GRAPHIC ON THE
DETACHED BY RAINDROP IMPACT
WATER. ONCE DETACHED, SOIL
TRANSPORTED BY FLOWING

FACTORS AFFECTING WATER EROSION

OCCURS WHEN WATER VELOCITY
PARTICLES DROP OUT.

WATER EROSION IS AFFECTED BY PRECIPITATION PATTERNS, SOIL PROPERTIES, VEGETATIVE COVER, AND

CONSERVATION PRACTICES. FOR INSTANCE, THE FREQUENCY, INTENSITY, AND DURATION OF RAINFALL COMBINE
WITH SLOPE LENGTH AND STEEPNESS TO DETERMINE THE VOLUME OF WATER AVAILABLE FOR EROSION, AND THE
RATE AT WHICH IT LEAVES THE LAND.
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PRINCIPLES

DETACHMENT

DETACHMENT OCCURS WHEN
WATER SPLASHES ONTO THE SOIL
SURFACE AND DISLODGES SOIL
PARTICLES FROM THEIR ORIGINAL
LOCATION.

TRANSPORT

TRANSPORT ISTHE MOVEMENT
OF SOIL PARTICLESIN MOVING
WATER ACROSS THE SOIL
SURFACE.

WATER EROSION

O

STRATEGIES FOR CONTROL

MAINTAIN CROP RESIDUES OR VEGETATIVE COVER:
CROP RESIDUES OR VEGETATIVE COVER ON THE SOIL
SURFACE INTERCEPT RAINDROPS DISSIPATING THE
ENERGY FROM THE FAILING RAINDROPSAND HELPING REDUCE
THEDETACHMENT OF SOIL PARTICLES.

| MPROVE SOIL PROPERTIES. SOIL MANAGEMENT TO
PRESERVE ORGANIC MATTER, SOIL STRUCTURE, AND
TILTH IMPROVES WATERINFILTRATION AND CL OD
STABILITY AND THUS REDUCES DETACHMENT OF SOIL
PARTICLES BY FAILING RAINDROPS OR SURFACE WATER
FLOW.

SOIL ROUGHNESS: A ROUGH SURFACE WILL BREAK THE
FORCE OF RAINDROPS AND TRAP WATER, SLOWINGITS
VELOCITY AND EROSIVE FORCE.

| NCREASE CROP RESIDUES OR VEGETATIVE COVER:
EACH PIECE OF CROP RESIDUE OR VEGETATION SERVESAS
A LITTLE DAM, SLOWING RUNOFF AND INCREASING
INFILTRATION AND SOIL DEPOSITION.

REDUCE SLOPE LENGTH AND STEEPNESS. QUANTITY
AND VELOCITY MOVING DOWNSLOPE DETERMINE THE
AMOUNT OF SEDIMENT CARRIED WITH THE FLOW.
REDUCING THE LENGTH OF SLOPE REDUCES THE
QUANTITY OF WATER AVAILABLE FOR TRANSPORTING
SOIL PARTICLES. REDUCING THE STEEPNESS OF THE SLOPE
REDUCES THE VELOCITY OF THE MOVING WATER, WHICH
REDUCES THE QUANTITY OF SOIL PARTICLES
TRANSPORTED.

SLOW DOWN OR STOP WATER MOVEMENT: ASTHE
VELOCITY OF WATER MOVING OVER THE SOIL SURFACE IS
SLOWED, ITSABILITY TO TRANSPORT SOIL PARTICLES IS
REDUCED.
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DEPOSITION

DEPOSITION ISWHEN THE SOIL
PARTICLE ISNO LONGER MOVED
BY THE FORCE OF THE WATER.

O

PrRoOVIDE
A SINK
THAT
TRAPS
SEDIMEN
T
CLOSE-
GROWING
GRASSES
LEGUMES
, AND
SMALL
GRAINS
MAY BE
USED ON
LEVEL
GROUND
TO SLOW
THE
MOVEME
NT OF
WATER
BELOW
THE
CRITICAL
SPEED,
WHICH
WILL
ALLOW
SOIL
PARTICL
ESTO
SETTLE
OouT.
TERRACE
S
SURFACE
ROUGHNE
S5
STRIPCRO
PPING,
AND
WATER
AND
SEDIMEN
-
CONTROL
BASINS

|PERFORM A SIMILAR FUNCTION.

29-12



BIOSOLIDS REFERENCE SHEET -l

FACTORS SUCH AS ORGANIC MATTER CONTENT, CROP RESIDUE COVER, AND SOIL SURFACE ROUGHNESS INTERACT TO
DETERMINE HOW A SOIL RESISTS THE EROSIVE FORCE OF WATER. THESE FACTORS ARE USED IN THE REVISED
UNIVERSAL SOIL L0OSS EQUATION TO PREDICT SHEET AND RILL EROSION.

STRATEGIES FOR WATER EROSION CONTROL

THE BEST STRATEGY FOR WATER EROSION CONTROL IS TO REDUCE SOIL DETACHMENT, IF POSSIBLE. THIS IS THE
EASIEST AND OFTEN MOST EFFECTIVE APPROACH. REDUCING TRANSPORT CAN ALSO BE EFFECTIVE. THE USE OF
DEPOSITION TO STOP WATER EROSION ONCE IT IS OCCURRING IS FREQUENTLY THE MOST COSTLY APPROACH.

SOME PRACTICES CAN BE USED. WITH MORE THAN ONE STRATEGY. FOR EXAMPLE, CROP RESIDUE OR GREEN COVER
CROPS CAN REDUCE DETACHMENT BY LIMITING THE IMPACT OF RAINDROP SPLASH. RESIDUE AND VEGETATIVE
COVER CAN ALSO REDUCE TRANSPORT BY SLOWING THE RATE OF RUNOFF. RESIDUE COVER OF 30% REDUCES
EROSION BY ABOUT 50%, COMPARED TO BARE SOIL. KEEPING SUFFICIENT COVER ON THE SOIL IS A PRINCIPAL
EROSION CONTROL PRACTICE. DESIRED AMOUNTS OF RESIDUE CAN BE ACHIEVED THROUGH THE CHOICE OF TILLAGE
IMPLEMENT, SPEED OF OPERATION, AND TIMING OF TILLAGE.

REDUCING DETACHMENT CAN BE ACHIEVED BY A NUMBER OF PRACTICES. SOIL MANAGEMENT TO PRESERVE ORGANIC
MATTER, SOIL STRUCTURE, AND TILTH AIDS IN INFILTRATION AND THUS REDUCES DETACHMENT. THIS MAY BE AS
SIMPLE AS PREVENTING COMPACTION BY DELAYING TILLAGE WHEN THE SOIL IS TOO WET. MAINTAINING PROPER
SOIL FERTILITY LEVELS, OPTIMUM SOIL PH, AND CROP HEALTH ENCOURAGE PLANT GROWTH AND CROP RESIDUE
PRODUCTION, WHICH HELPS MAINTAIN GOOD SOIL TILTH. THE USE OF PERMANENT VEGETATION IN CRITICAL
AREAS, SUCH AS IN GRASS WATERWAYS AND BUFFER STRIPS, CAN PROTECT THE SOIL FROM DETACHMENT AND SLOW
RUNOFF.

REDUCING TRANSPORT CAN ALSO BE ACHIEVED BY A NUMBER OF PRACTICES. CONTOUR TILLAGE AND INCREASING
SOIL SURFACE ROUGHNESS ARE EXAMPLES. TILLING ON THE CONTOUR PROVIDES FURROWS PERPENDICULAR TO THE
SLOPE WHICH ACT AS COLLECTION BASINS AND SLOW RUNOFF. ROUGHENING THE SOIL SURFACE AT CRITICAL TIMES
WITH THE PROPER TILLAGE IMPLEMENT CREATES SURFACE STORAGE, ENHANCES FILTRATION, SLOWS RUNOFF, AND
CAN PRODUCE EROSION-RESISTANT CLODS. REDUCING THE LENGTH OF SLOPE ALSO HELPS CONTROL SOIL EROSION BY
REDUCING TRANSPORT. SHORTENING SLOPE LENGTH DECREASES RUNOFF VOLUME AND VELOCITY. TERRACES AND
DIVERSIONS ARE EXAMPLES OF STRUCTURES THAT REDUCE SLOPE LENGTH. CONTOUR STRIPS AND DIVIDED SLOPE
FARMING ALSO BREAK SLOPES INTO SEGMENTS AND SLOW RUNOFF AND AID INFILTRATION.

"TERRACES HAVE IMPROVED OUR WHEAT YIELDS BY AT LEAST 10 BUSHELS."

TERRACES NOT ONLY CONTROL SOIL EROSION, THEY CAN ALSO INCREASE YIELDS, SAYS KEITH NELSON, WHO FARMS
IN CENTRAL KANSAS. "TERRACES AND WATERWAYS KEEP WATER FROM RUNNING OFF OUR FIELDS SO FAST WHEN IT
RAINS, AND THIS HAS INCREASED OUR YIELDS BY ABOUT 10 BUSHELS PER ACRE. TERRACES HAVE LITERALLY SAVED
OUR FARM,"" HE SAYS.

NELSON HAS PUT BOTH GRADIENT AND LEVEL TERRACES OVER THE PAST FOUR DECADES, AND STILL HAS MORE LAND
TO TERRACE. CONSTRUCTION COSTS AVERAGE ABOUT 50 CENTS PER FOOT, AND ANNUAL MAINTENANCE COSTS ARE
MINIMAL, HE SAYS. HE ALWAYS FARMS WITH THE TERRACES, NEVER OVER THEM.
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THE SoIL CONSERVATION SERVICE (SCS) IN HIS COUNTY IS CURRENTLY OVERWORKED AND CAN'T GET ALL THE
LAND STAKED OUT THAT NEEDS TERRACES. RATHER THAN WAIT, NELSON STAKES HIS OWN TERRACES USING SCS
SPECIFICATIONS. HE BOUGHT A SMALL USED CASE DOZER AND IS USING IT TO BUILD HIS OWN TERRACES AND
WATERWAY SYSTEM ON SOME LAND HE WANTS TO PUT INTO PRODUCTION.

NELSON PREFERS GRADIENT TERRACES OVER LEVEL TERRACES WHEREVER HE CAN PUT IN A WATER-WAY. WHERE A
WATERWAY IS IMPRACTICAL, HE-LL PUT IN LEVEL TERRACES. '""THE PROBLEM WITH LEVEL TERRACES IS THAT WATER
CAN RUN OVER THEM IN A REAL HEAVY RAINSTORM.," HE SAYS.

EITHER WAY, TERRACES ARE AN IMPORTANT AND VALUABLE BEST MANAGEMENT PRACTICE, NELSON SAYS. HOw
VALUABLE? ""TERRACED GROUND SELLS FOR ABOUT $50 AN ACRE HIGHER THAN UNTERRACED GROUND AROUND
HERE," HE SAYS.

WIND EROSION

DEFINITIONS

MOST PEOPLE FIRST NOTICE WIND EROSION WHEN THEY SEE DUST HIGH IN THE AIR. BUT-THIS "DIRTY AIR" IS ONLY
A SMALL PERCENTAGE OF THE TOTAL WIND EROSION PROBLEM. MOST OF THE SOIL MOVEMENT OCCURS WITHIN A
FOOT OF THE GROUND. WIND SPEED AS LOW AS 13 MPH ONE FOOT ABOVE THE SOIL SURFACE CAN CAUSE SOIL TO
START BLOWING UNDER HIGHLY ERODIBLE FIELD CONDITIONS. ERODIBLE FIELD CONDITIONS CONSIST OF AN
UNPROTECTED DRY SOIL SURFACE THAT IS SMOOTH, LOOSE AND FINELY GRANULATED. THE RATE OF EROSION MORE
THAN TRIPLES AS WIND SPEED INCREASES FROM 20 TO 30 MPH.

PRINCIPLES OF WIND EROSION

WIND EROSION OCCURS ACCORDING TO THE FOLLOWING BASIC PRINCIPLES: 1) DETACHMENT, 2) TRANSPORT, AND
3) DEPOSITION. THESE ARE EXPLAINED IN THE GRAPHIC ON THE FOLLOWING PAGE.

WIND EROSION CAUSES SOIL PARTICLES TO MOVE IN THREE DIFFERENT WAYS:
1. SALTATION
2. SUSPENSION

3. SURFACE CREEP
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FINE AND MEDIUM SAND-SIZED PARTICLES MOVE MAINLY BY SALTATION. THE WIND DISLODGES THESE SOIL
PARTICLESAND PROPELS THEM IN A BOUNCING OR JUMPING MANNER ACROSS THE SOIL SURFACE.
AS THEY BOUNCE, THE FORCE OF THEIR IMPACT DISLODGES OTHER PARTICLES, DETERIORATES VEGETATIVE RESIDUES,
AND DAMAGES LIVING PLANTS. THE BOUNCING SOIL PARTICLES ARE RESPONSIBLE FOR SETTING IN MOTION OTHER
SOIL PARTICLES IN AN AVALANCHING EFFECT AS EROSION MOVES DOWNWIND. SALTATION ACCOUNTS FOR 30-80%
OF TOTAL SOIL MOVEMENT. THE WIDTH OF THE FIELD IS IMPORTANT BECAUSE THE AMOUNT OF SOIL MOVED
INCREASES DOWNWIND UNTIL THE AIR IS SATURATED WITH SOIL PARTICLES.

THE IMPACT OF SALTATION FILLS AND "DIRTIES" THE AIR WITH TINY SOIL PARTICLES IN A PROCESS CALLED
SUSPENSION. THESE PARTICLES, WHICH CONSIST PRIMARILY OF ORGANIC MATTER AND CLAY-SIZED PARTICLES,
MAY BLOW FOR HUNDREDS OF MILES. SUSPENSION ACCOUNTS FOR ONLY A SMALL PART OF THE PRODUCTIVITY LOSS
ATTRIBUTED TO WIND EROSION.

SURFACE CREEP DESCRIBES THE MOVEMENT OF LARGER SAND-SIZED PARTICLES ALONG THE SOD SURFACE. THESE
PARTICLES ARE LOOSENED BY THE IMPACT OF SALTATION, BUT ARE TOO LARGE TO BE LIFTED OFF THE GROUND IN
MOST WINDS. THEY MOVE BY ROLLING ON THE SURFACE. SURFACE CREEP CAN ACCOUNT FOR UP TO 25% OF THE
SOIL MOVED BY WIND.
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PRINCIPLES

DETACHMENT

DETACHMENT OCCURS
WHEN THE FORCE OF THE
WIND OR THE IMPACT OF
MOVING SOIL PARTICLES
CAUSES STATIONARY SOIL
PARTICLES TO MOVE.

TRANSPORT

TRANSPORT IS THE WIND-
DRIVEN MOVEMENT OF
DETACHED SOIL PARTICLES
THROUGH THE AIR OR ALONG
THE SOIL SURFACE.

DEPOSITION

DEPOSITION OCCURS WHEN
SOIL PARTICLES ARE NO
LONGER BEING
TRANSPORTED BY THE
WIND.

WIND EROSION

STRATEGIES FOR CONTROL

MAINTAIN VEGETATION OR VEGETATIVE RESIDUES. VEGETATION
REDUCESWIND SPEED AT THE SOIL SURFACE AND PREVENTSMUCH OF THE
DIRECT WIND FORCE FROM REACHING ERODIBLE SOIL PARTICLES.

INCREASE SURFACE ROUGHNESS. RIDGES AND DEPRESSIONS FORMED BY
TILLAGEALTERWIND SPEED BY ABSORBING AND DEFLECTING PART OF THE
WIND ENERGY AWAY FROM ERODIBLE SOIL.

INCREASE CLODDINESS: SOIL CLODS ARE MORE RESISTANT TO
DETACHMENT BY WIND. CLODSALSO PROVIDE SHELTER FOR OTHER
ERODIBLE MATERIALS.

REDUCE FIELD WIDTH ALONG THE PREVAILING WIND DIRECTION:
REDUCED FIELD WIDTHS REDUCE THE POTENTIAL FOR SOIL AVALANCHING.
BARRIERS ON THE WINDWARD SIDE OF A FIELD SHELTER A DISTANCE
EQUAL TOABOUT 10 TIMES THE HEIGHT OF THE BARRIER FROM WIND
FORCES, REDUCING WIND SPEED AT THE SOIL SURFACE.

REDUCE " KNOLL" EFFECT. HILLTOPSAND SLOPESMAY CAUSE
WINDFLOWS TO CONVERGE, INCREASING WIND FORCE. LAND LEVELING OR
BENCHING CAN REDUCE THE CONVERGING EFFECT AND REDUCE THE WIND
VELOCITY AT THE SOIL SURFACE.

INCREASE SOIL MOISTURE: M OIST SOIL ISLESS SUSCEPTIBLE THAN DRY
SOIL TODETACHMENT BY WIND. THISISFEASIBLE ONLY FOR IRRIGATED
PRODUCTION OR WHERE CONTROLLED DRAINAGE IS PRACTICED
(ESPECIALLY FOR ORGANIC SOILS).

MAINTAIN VEGETATION OR VEGETATIVE RESIDUES. REDUCES WIND
SPEED NEAR THE SOIL SURFACE AND PREVENTS MUCH OF THE DIRECT WIND
FORCE FROM TRANSPORTING ERODIBLE SOIL PARTICLES

REDUCE FIELD WIDTH ALONG THE PREVAILING WIND DIRECTION
REDUCESWINDSPEED AT THE SOIL SURFACE FORA DISTANCE ABOUT 10
TIMES THE HEIGHT OF THE WINDWARD BARRIER.

REDUCE " KNOLL" EFFECT. LAND LEVELING OR BENCHING CAN SLOW
WIND VELOCITY ABOVE THE SOIL SURFACE AROUND KNOLLSWHERE W IND
FORCES CONVERGE.

M AINTAIN VEGETATION OR VEGETATIVE RESIDUES. REDUCES WIND SPEED
AND ALLOWSAIRBORNE SOIL PARTICLESTO SETTLEOUT AND FALL TO THE
SOIL SURFACE.

INCREA SE SURFACE ROUGHNESS. ROUGH TERRAIN TRAPS SOIL PARTICLES
BOUNCING ALONG THE SURFACE.

REDUCE FIELD WIDTH ALONG THE PREVAILING WIND DIRECTION: REDUCES
WIND SPEED AT THE SOIL SURFACE, ALLOWING SOIL PARTICLESTO SETTLE
OUT.
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FACTORS AFFECTING WIND EROSION

VEGETATIVE COVER

SOIL CLODDINESSAND CLOD STABILITY
SURFACE ROUGHNESS (RIDGE HEIGHT)
FIELD LENGTH (UNSHEL TERED DISTANCE)
RESIDUE TYPE, HEIGHT, AND POSITION
RELATIVE TO WIND DIRECTION

WIND SPEED

SOIL MOISTURE

NN N NN

NN

STRATEGIESFOR CONTROL OF WIND EROSION

A PROTECTIVE VEGETATIVE COVER ON THE SOIL SURFACE IS THE SIMPLEST AND SUREST WAY TO CONTROL WIND
EROSION. CROP RESIDUE OR GROWING VEGETATION REDUCES WIND VELOCITY AT THE SOIL SURFACE AND PROTECTS
SOIL PARTICLES FROM THE FULL FORCE OF THE WIND. A VEGETATIVE COVER ALSO TRAPS MOVING SOIL PARTICLES
AND LIMITS THE AVALANCHING EFFECT. THE AMOUNT OF RESIDUE REQUIRED TO LESSEN WIND EROSION VARIES
WITH RESIDUE TYPE, HEIGHT, RESIDUAL POSITION IN RELATION TO WIND DIRECTION, AND SOIL TYPE.

SEVERAL PIECES OF SMALL-STEMMED RESIDUE, SUCH AS . WHEAT, CREATES MORE FRICTION TO WIND MOVEMENT
THAN FEWER PIECES OF LARGE-STEMMED RESIDUE, SUCH AS CORN.

STANDING RESIDUE IS MORE EFFECTIVE THAN FLAT RESIDUE AT SLOWING WIND SPEED AT THE SOIL SURFACE.
STANDING WHEAT STUBBLE, FOR EXAMPLE, IS ABOUT NINE TIMES MORE EFFECTIVE IN CONTROLLING WIND EROSION
THAN THE SAME AMOUNT OF RESIDUE LYING FLAT. THE TALLER THE RESIDUE, THE GREATER ITS INFLUENCE ON
REDUCING SOIL MOVEMENT BY WIND' * A SILHOUETTE FACTOR CAN BE USED TO DETERMINE THE EFFECTIVENESS OF
STANDING RESIDUE TO REDUCE WIND EROSION. THE SILHOUETTE FACTOR IS CALCULATED USING THE POPULATION
DENSITY, HEIGHT, AND DIAMETER OF STANDING STUBBLE.

STABLE SOIL CLODS REDUCE WIND EROSION. SOIL CLODS FORMED BY TILLAGE SHOULD BE LARGE ENOUGH TO RESIST
THE EROSIVE FORCES OF THE WIND AND PROTECT OTHER SMALLER MATERIAL. CLOD STABILITY DEPENDS ON SOIL
MOISTURE, DENSITY, TEXTURE, PH, AND MICROBIAL ACTIVITY. COARSE-TEXTURED SOILS DO NOT READILY FORM
STABLE CLODS. THESE SOILS NEED TO BE MOIST AND FIRM BEFORE TILLAGE CAN PRODUCE STABLE CLODS. THE SOILS
THAT PRODUCE THE MOST STABLE CLODS ARE LOAMS, SILTY LOAMS, CLAY LOAMS, AND SILTY CLAY LOAMS, ALL CLODS
ARE BROKEN DOWN AND VARIOUS RATES BY RAINFALL, WEATHERING, TILLAGE, EQUIPMENT TRAFFIC, AND ABRASION
BY MOVING SOIL PARTICLES.

A RIGID SOIL SURFACE ALSO HELPS REDUCE WIND EROSION. THE UPPER EDGES OF THE RIDGES ABSORB AND DEFLECT
PART OF THE WIND ENERGY, WHILE THE DEPRESSIONS TRAP SALTATING SOIL PARTICLES. DEEP-FURROW
DRILLS (HOE DRILLS) USED IN SOME AREAS TO PLANT SMALL GRAINS USUALLY PRODUCE DEEP ENOUGH RIDGES TO
PROVIDE SOME PROTECTION AGAINST WIND EROSION. THE MOST EFFECTIVE RIDGE HEIGHT 1S 2-10 INCHES. THE
ORIENTATION OF ROWS SHOULD BE PERPENDICULAR TO THE WIND WHENEVER POSSIBLE.
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Al WOULDN'T THINK OF FARMING THIS GROUND ANY OTHER WAY BUT WITH STRIPS."

WIND EROSION CAN BE A FIERCE OPPONENT IN THE WIDE OPEN PLAINS OF WESTERN NEBRASKA, AS ELSEWHERE IN
THE COUNTRY. CARL MORTENSON, JR., WHO FARMS IN THE NEBRASKA PANHANDLE, HAS SEEN THE DEVASTATION
CAUSED BY WIND EROSION, AND HAS IMPLEMENTED SOME LOW-COST YET EFFECTIVE BEST MANAGEMENT PRACTICES
TO CONTROL THE PROBLEM.

"MY DAD STARTED FARMING IN THIS COUNTRY IN 1919 AND THEY HAD BIG, WIDE OPEN FIELDS," MORTENSON
SAYS. "THE GROUND BLEW SOMETHING TERRIBLE IN THE '20s AND '30s. WIND EROSION REALLY HURT THEIR
WHEAT YIELDS, AND IT STILL DOES TODAY WHERE STRIPS AREN'T USED."

MORTENSON BEGAN A SYSTEM OF STRIPCROPPING ON ALL OF HIS LAND, USING STRIPS OF VARIOUS WIDTHS,
DEPENDING ON THE TYPE OF SOIL. HE USES NARROWER STRIPS ON SANDIER SOILS. THE EFFECT ON CONTROLLING
WIND EROSION HAS BEEN SATISFYING.

"WE DIDN'T HAVE TOO MUCH WINTERKILL FROM BLOWING THIS YEAR, AND THIS WAS ONE OF THE WORST YEARS

I'VE SEEN FOR WINTERKILL. | WOULDN'T THINK OF FARMING THIS GROUND ANY OTHER WAY BUT WITH STRIPS," HE
SAYS.
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COLORADO DEPARTMENT OF PuBLIC HEALTH AND ENVIRONMENT

CITIZEN CONTACT FORM
FOR BIOSOLIDS PROJECTS

9 COMPLAINT 9 INQUIRY O OTHER

DATE OF REPORT: LOCATION: DATE & TIME OF INCIDENT:
(IF APPLICABLE)

LOCATION: VEHICLE ID (iF PossisLE)
(LICENSE #, PERMIT #, NAME ON VEHICLE, COLOR,
ETC.)

(ADDRESS, COUNTY, ROAD #, SITE #, OTHER...)

NATURE OF INQUIRY:

FOR MORE INFORMATION ON BIOSOLIDS MANAGEMENT, CONTACT:
CDPHE, BiosoLIDS MANAGEMENT PROGRAM, (303) 692-3613/FAX: (303) 782-0390
EPA ReGION VIII, BiIosoLIDS COORDINATOR, (303) 312-6129/FAX: (303) 312-7084

DO YOU WANT A CALL BACK? O ves ONo

IF YES, PLEASE GIVE TELEPHONE NUMBER(S): DAY: ( ) - Eves: () -
NAME:

ADDRESS:

FORWARDED TO CDPHE/EPA BY: NAME:

ADDRESS:

PHONE NUMBER;
FACILITY/CONTRACTOR NOTIFIED ON: DATE:
Eves. ( ) -
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SECTION 2.10 C SETBACKS AND BUFFERS FOR LAND APPLICATION

DUE TO THE SENSITIVE NATURE OF SUCH AREASAS RESIDENTIAL DEVELOPMENTS STREAMS AND LAKES,
SPRINGS, FLOOD PLAINS, AND PUBLIC WATER SUPPLY WELLS, EPA ESTABLISHED SETBACKSAND BUFFERS IN THE
1983 PROCESS DESIGN MANUAL ; LAND APPLICATION OF MUNICIPAL SLUDGE, TO ENSURE THAT THESE AREAS ARE
PROTECTED FROM RUNOFF, SPRAY DRIFT, AND MISAPPLICATION OF BIOSOLIDS TABLE 2.10-1 SHOWS THE
SETBACKS AND BUFFERSWHICH MUST BE CONSI DERED PRIOR TO LAND APPLICATION. |NDIVIDUAL STATES MAY
HAVE THEIR OWN REQUIREMENTS AND YOU SHOULD CONSULT YOUR STATE Bi0SOLIDS COORDINATOR. TABLE
2.10-2 PROVIDES A GENERAL DESCRIPTION OF POTENTIALLY UNSUITABLE AREAS FOR BIOSOLIDS APPLICATION.

TABLE 2.10-1. SUGGESTED SETBACK DISTANCESFOR BIOSOLIDS APPLICATION AREAS.
(EXCERPTED FROM PROCESS DESIGN MANUAL: LAND APPLICATION OF MUNICIPAL S_.UDGE
EPA-625/1-83-016, ppP. 5-14 AND 5-15.)

DiSTANCE FROM FEATURE TO BIOSOLIDS A PPLICATION SITE
10To90M 90 10460 M" >460 M*
INJECTION
FEATURE INJECTION™ SURFACE INJECTION ™ SURFACE AND SURFACE
RESIDENTIAL DEVELOPMENT No No YES No YES
INHABITED DWELLING YES No YES YES YES
PONDSAND LAKES YES No YES YES YES
SPRINGS No No YES YES YES
10-YEARHIGH WATER MARK OF YES No YES YES YES
STREAMS, RIVERS, AND CREEKS
WATERSUPPLY WELLS No No YES YES YES
PUBLIC ROAD RIGHT-OF-WAY YES No YES YES YES

50 10300 FEET.
" 3007101500 FEET.
# >1,500 FEET.

*k

INJECTION OF LIQUID BIOSOLIDS OR SURFACE APPLICATION OF DEWATERED BIOSOLIDS.
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TABLE 2.10-2. POTENTIALLY UNSUITABLE AREASFOR BIOSOLIDS APPLICATION
WHICH MAY REQUIRE SETBACKS.

1) LAND ADJACENT TO SUBDIVISIONS SCHOOLS AND OTHER INHABITED DWELLINGS.

2)  AREASBORDERED BY PONDS, LAKES, RIVERS AND STREAMS WITHOUT APPROPRIATE BUFFER AREAS

3)  WETLANDS AND MARSHES.

4)  STEEP AREASWITH SHARP RELIEF.

5)  UNDESIRABLE GEOLOGY (KARST, FRACTURED BEDROCK) (IF NOT COVERED BY SUFFICIENTLY THICK
SOIL COLUMN).

6) UNDESIRABLE SOIL CONDITIONS (SHALLOW, PERMAFROST ).

7)  AREASOF HISTORICAL OR ARCHEOLOGICAL SIGNIFICANCE.

8) OTHER ENVIRONMENTALLY SENSITIVE AREAS SUCH AS FLOODPLAINS OR INTERMITTENT STREAMS,
PONDS, ETC.

9)  ROCKY, NONARABLE LAND.
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SECTION 2.11 C METALSAVAILABILITY vs. PH AND
HOW YOUR BIOSOLIDS COMPARE TO THE NATIONAL AVERAGE

WHEN APPLYING BIOSOLIDS TO AGRICULTURAL LAND, THE UPTAKE OF METALSBY PLANTS IS CONTROLLED BY A
NUMBER OF FACTORS. ONE FACTOR RELATES TO THE PH OF THE RECEIVING SOILS. A DISTINCTION IS MADE
BETWEEN MINERAL VS. ORGANIC SOILS AND THE RELATIVE CATION-EXCHANGE-CAPACITY (CEC) OF EACH. FOR
ADDITIONAL INFORMATION REGARDING METAL AVAILABILITY VS. PH, PLEASE REFER TO THE LISTED
REFERENCE.2

THE 1988 NATIONAL SEWAGE SLUDGE SURVEY DETERMINED THE MEAN CONCENTRATION OF THE TEN
REGULATED METALS FOUND IN BIOSOLIDS FROM POTWS THROUGHOUT THE COUNTRY; THIS INFORMATION IS
PRESENTED IN TABLE 2.11.1. WHEN VIEWING THE TABLE, THE PERCENTILES INDICATE WHAT PERCENTAGE OF
THE BIOSOLIDS INCLUDED IN THE SURVEY WERE AT OR BELOW THE LISTED POLLUTANT VALUES. FOR EXAMPLE,
THE 67TH PERCENTILE MEANS THAT 67 PERCENT OF THE POTWS SAMPLED HAD POLLUTANT
CONCENTRATIONS AT OR BELOW THE NUMBERS PRESENTED IN THE MIDDLE COLUMN OF THE TABLE.

PLEASE NOTE THAT THE EPA REGIONS DISCOURAGE MUNICIPALITIES FROM ENGAGING IN PUBLIC COMPETITION
OVER BIOSOLIDS QUALITY NUMBERS. EPA RECOMMENDS MUNICIPALITIES INVEST IGATE THE POTENTIAL
SOURCES OF CONTAMINATION AS METAL LEVELSMOVE FROM THE 67TH TOWARD THE 98TH PERCENTILE.

’Kuhns, L.J., 1985. Fertilizing Woody Ornamentals. University Park, Pennsylvania. Penn State University,
College of Agriculture, 16 pages.
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TABLE2.11-1.

Bi0soLIDS QUALITY PERCENTILE ESTIMATES
BASED ON NATIONAL SEWAGE SLUDGE SURVEY, D.H. 8/93

CONCENTRATION INMG/KG DRY WEIGHT
% BELOW 50% 60% 67% 70% 75% 80% 85% 0% 95% 98% 9%
As 5 6 8 9 10 13 16 2 33 54 75
Br 0.3 0.3 04 04 05 05 0.6 0.8 11 15 19
Co* 4 5 6 7 8 10 12 16 25 41 56
Cr 44 63 83 93 115 147 196 278 469 847 1250
Cu 451 575 692 748 866 1021 1237 1570 2235 3331 4332
Hc 2 2 3 4 5 6 8 12 2 38 58
Mo 5 6 8 9 11 13 16 2 A 55 76
Ni 19 26 A 38 46 58 I:) 104 170 295 423
Ps 78 100 122 132 154 184 225 289 420 639 842
SE 3 4 5 6 7 8 10 12 18 28 37
ZN 746 956 1155 1250 1451 1717 2088 2663 3818 5735 7497

* CD-DATABASE EXCLUDED ONE EXTREME OUTLIER
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SECTION 2.12 C MICRO-NUTRIENTSVs. TOXIC METALS

ONE OF THE TYPICAL MISCONCEPTIONS ABOUT SEWAGE BIOSOLIDSISTHEY CONTAIN A SPECTRUM OF TOXIC OR
"HEAVY" METALS AND MAY BE BAD FOR HUMAN HEALTH AND THE LAND ON WHICH THEY ARE APPLIED. THESE
METALS ARE IDENTIFIED AS POLLUTANTS OR CONTAMINANTS BY 40 CFR PART 503. MANY PEOPLE KNOW
THAT SEVERAL OF THESE METALS ARE PLANT NUTRIENTS ESSENTIAL FOR GROWTH, BUT BELIEVE THAT THE
CONCENTRATIONS TYPICALLY FOUND IN BIOSOLIDS ARE TOO HIGH TO BE BENEFICIAL TO PLANTS |TISTHE
CONCENTRATION OF METALSIN BIOSOLIDS THAT LIMITS THE AREAS AND AMOUNTS OF BIOSOLIDS THAT CAN BE
LAND APPLIED, UNDER PART 503.

SOME OF THE ISSUES IN THE DEVELOPMENT OF THIS REGULATION WERE: THE SCOPE OF THE REGULATION;
POLLUTANT COVERAGE; PATHWAY S OF EXPOSURE; TARGET ORGANISMS, TYPES OF RISKS, ACCEPTABLE LEVEL OF
RISK; BACKGROUND POLLUTANT LEVELS AND POLLUTANT LIMITS® IN REGARD TO MICRONUTRIENTSVS. TOXIC
METALS, THE POLLUTANT COVERAGE, ACCEPTABLE LEVEL OF RISK, AND POLLUTANT LIMITSWERE KEY ISSUES
THE METAL LIMITS WERE DEVELOPED AFTER IN-DEPTH CONSIDERATIONS OF HUMAN HEALTH AND THE
ENVIRONMENTAL RISKS ASSOCIATED WITH LAND APPLICATION OF SEWAGE BIOSOLIDS THE ACTUAL LIMITS
FOUND IN TABLES 1 - 4 OF PART 503.13 WERE SET AT LEVELS THAT ARE WITHIN ACCEPTABLE PARAMETERS OF
RISK. |F THE METALS CONCENTRATION IN THE BIOSOLIDS ISBELOW THE LIMIT FOR ITS RESPECTIVE USE, IT IS
BELIEVED THAT THE BIOSOLIDS WILL NOT HARM EITHER HUMAN HEALTH OR THE ENVIRONMENT.

THE FOLLOWING ARTICLE WAS WRITTEN BY GARY WEGNER, A WASHINGTON FARMER, AND PRESENTED AT A
WATER ENVIRONMENT FEDERATION (WEF) CONFERENCE ON BIOSOLIDSIN 1992. |T PRESENTS A FIRST -HAND
DESCRIPTION OF THE BENEFITS HIS CROPS HAVE RECEIVED FROM THE APPLICATION OF BIOSOLIDS. THE CRUX OF
HIS ARTICLE CAN BE SUMMARIZED IN THE FOLLOWING PASSAGE!

"EIGHT ESSENTIAL PLANT NUTRIENTS ARE IN THE CATEGORY WE CALL 'HEAVY METALS." IN
FACT, THESE NUTRIENTS ARE ALSO ESSENTIAL '"HUMAN NUTRIENTS' JUST TAKE A LOOK AT
THE LABEL OF A CENTRUM BOTTLE. CENTRUM 'HGH POTENCY MULTIVITAMIN,
MULTIMINERAL FORMULA,' FROM A TO ZINC."*

FOLLOWING THE ARTICLE IS A REFERENCE SECT ION WHICH MAY BE HELPFUL FOR ADDITIONAL INFORMATION
REGARDING MICRONUTRIENTSVS. TOXIC METALS.

*40 CFR Part 503 Preamble, pages 15 - 18.

‘Wegner, Gary. The Benefits of Biosolids, from a Farmer's Perspective.
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THE BENEFITS OF BIOSOLIDS,
FROM A FARMER'S PERSPECTIVE

GARY WEGNER
WEGNER RANCH
Rt. 1, Box 8
REARDAN, WA 99029

(FrRom WEF 1992 BiosoLIDS CONFERENCE HELD IN PORTLAND, OREGON. REPRINTED WITH PERMISSION.)

| WELCOME YOU AS A REPRESENTATIVE OF AMERICAN AGRICULTURE.

AS PROFESSIONALS INVOLVED IN WASTEWATER MANAGEMENT. YOU CAN NOW ALSO BE PART OF THE FOOD
CHAIN FOR OUR NATION. | BELIEVE THAT IS GOOD.

TODAY, IN THE UNITED STATES, ABOUT ONE PERCENT OF THE NATION'S POPULATION PRODUCES NINETY-FIVE
PERCENT OF THE FOOD NEEDED BY OUR COUNTRY. PEOPLE WHO GROW FOOD ARE USUALLY CALLED FARMERS
BUT FARMERS ARE JUST PART OF THE FOOD APRODUCTION AND DELIVERY({ CHAIN IN THE U.SA.

DOES ANYONE KNOW WHAT PERCENTAGE OF THE CHINESE POPULATION ISDEDICATED TO FOOD PRODUCTION?
THE ANSWER ISEIGHTY PERCENT. | BRING YOU THAT STATISTIC, NOT BECAUSE | READ IT OUT OF AN OLD
BOOK. | BRINGIT TO YOU BECAUSE | HAD A MAN FROM CHINA VISIT MY FARM IN 1991, AND HE VERIFIED THAT
EIGHTY PERCENT IS CURRENTLY CORRECT .

TO GET BACK TO OUR OWN UNITED STATES, IF WE WERE TO TALLY UPALL OF THE PEOPLE INVOLVED IN THE
FOOD APRODUCTION AND DELIVERY [ CHAIN, WE WOULD INCLUDE PEOPLE WHO WORK TO PROVIDE NUTRIENTS
TO ENHANCE OUR NATION'S SOILS WE WOULD INCLUDE TRUCK DRIVERS WHO MOVE PRODUCT S, WE WOULD
INCLUDE THE PEOPLE WHO WORK IN A CORN-FLAKE FACTORY; AND WE WOULD INCLUDE THE PRETTY LADY AT
THE CHECK-OUT COUNTER OF YOUR FAVORITE SUPERMARKET. |INCLUDING ALL OF THOSE PEOPLE IN OUR FOOD
APRODUCTION AND DELIVERY({ CHAIN, WE WOULD HAVE ABOUT TWENTY PERCENT OF THE U.S. POPULATION.

WHAT HAVE WE DISCOVERED? IN CHINA, EIGHTY PERCENT OF THE POPULATION IS DEDICATED TO FOOD
PRODUCTION. IN THE U.S.A., EIGHTY PERCENT OF THE POPULATION IS FREE TO PURSUE THE ENHANCEMENT
OF SOCIETY, DEVELOP PUBLIC SERVICES AND DO MANY OTHER THINGS TO IMPROVE OUR QUALITY OF LIFE. THE
CHEAPEST AND MOST ABUNDANT FOOD SUPPLY IN THE WORLD IS THE KEY TO THE SUCCESS OF THE UNITED
STATES.

WITH THAT INTRODUCTION, | WOULD LIKE TO SHARE WITH YOU MY PERSPECTIVE ON THE BENEFITS OF
BIOSOLIDS FROM MY FARM NEAR REARDAN, WASHINGTON.

SINCE THE SPRING OF 1988, THE CITY OF SPOKANE HAS APPLIED BIOSOLIDS TO OVER TWELVE HUNDRED ACRES
OF OUR FARMLAND. TWO HUNDRED AND FIFTY OF THOSE ACRES HAVE RECEIVED TWOAPPLICATION. OUR
AVERAGE RAINFALL IS FIFTEEN INCHES PER YEAR. THE DEWATERED BIOSOLIDS ARE APPLIED AT AN AVERAGE
RATE OF 4.5 DRY TONS PER ACRE, (22.5 WET TONS) PER ACRE.
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ORGANIC MATTER

THE MAIN REASON | NEED BIOSOLIDS IS TO PROVIDE ORGANIC MATTER TOMY SOIL. ... BUT AN APPLICATION
OF BIOSOLIDSDOES NOT INCREASE MY SOIL ORGANIC MATTER SIGNIFICANTLY WHEN IT ISAPPLIED. THE
SIGNIFICANT DIFFERENCE IS SEEN IN INCREASED CROP RESIDUE THAT RESULTS FROM HIGHER CROP YIELDS THAT
ARE GROWN ON THAT SOIL, WHICH PROVIDES AINCREASED NUTRIENT AVAILABILITY.{

ORGANIC MATTER IS AN IMPORTANT SOIL CONST ITUENT WHICH INFLUENCES VIRTUALLY ALL CHEMICAL,
BIOLOGICAL AND PHYSICAL PROCESSES THAT OCCUR IN THE SOIL.

ORGANIC MATTER SUPPLIES PLANT NUTRIENTS DURING THE MINERALIZATION PROCESS (MICROBIAL
CONVERSION OF ORGANIC COMPOUNDS TO INORGANIC MOLECULES THAT ARE AVAILABLE FOR PLANT UPTAKE).
THISISA PARTICULARLY IMPORTANT SOURCE OF NITROGEN (N), PHOSPHORUS (P) AND SULFUR (S). ORGANIC
MATTER ALSO AFFECTS THE SOLUBILITY OF OTHER PLANT NUTRIENTS SUCH ASZINC, (ZN), IRON (FE), COPPER
(Cu), MANGANESE (MN) AND P BY FORMING ORGANIC COMPLEXES WHICH INCREASE THEIR AVAILABILITY.

ORGANIC MATTER ALSO CONTRIBUTES TO THE CATION EXCHANGE CAPACITY OF A SOIL, PROVIDING SITESFOR
THE RETENTION OF BASIC CATIONS SUCH AS POTASSIUM (K), CALCIUM (CA) AND MAGNESIUM (MG). ANOTHER
IMPORTANT FUNCTION OF ORGANIC MATTER IS ITSROLE AS A AGLUE( IN PROMOTING SOIL AGGREGATION AND
SOIL STRUCTURE. ORGANIC MATTER ADDITIONS WILL OFTEN ENHANCE WATER INFILTRATION AND WATER
HOLDING CAPACITY, THEREBY INCREASING RESISTANCE TO EROSION.

ESSENTIAL PLANT NUTRIENTS

BIOSOLIDS, WHICH ARE DERIVED FROM AN ORGANIC SOURCE, PROVIDE A SOIL AMENDMENT THAT CONTAINS
ESSENTIAL PLANT NUTRENTSIN A RELATIVELY BALANCED PACKAGE. THE MAJOR NUTRIENT NOT PROVIDED IN
SIGNIFICANT QUANTITIESBY BIOSOLIDS ISPOTASSIUM (K)

| FIND IT INTERESTING THAT EIGHT ESSENTIAL PLANT NUTRIENTS ARE IN THE CATEGORY WE CALL AHEAVY
METALS( INFACT, THESE NUTRIENTS ARE ALSO ESSENTIAL AHUMAN NUTRIENTS@ JUST TAKE A LOOK AT THE
LABEL OF A CENTRUM BOTTLE, WHICH READS. CENTRUM AHIGH POTENCY MULTIVITAMIN,
MULTIMINERAL FORMULA,@# FROM A TO ZINC.

THE SOILSON MY FARM ARE DEFICIENT IN ZINC (ZN). AFTER | APPLY BIOSOLIDS, MY SOILSARE NOT
DEFICIENT IN ZINC. BIOSOLIDSISA VITAMIN PILL FORMY CROPS YOU CAN SEE THE DIFFERENCE.

THE BEST GAUGE OF WHAT HAS BEEN ACCOMPLISHED BY A CHANGE IN A SOIL ISTO OBSERVE HOW PLANTS
RESPOND. THE SAME BASIC OBSERVATIONS CAN BE USED FOR A FLOWER IN A FLOWER POT, OR A BARLEY PLANT
INMY FIELD. HASTHE AGREEN LEAF) COLOR CHANGED? HASROOT GROWTH BEEN ENHANCED? HAVE THE
RATE OF GROWTH AND GENERAL VIGOR OF THE PLANT CHANGED? LET'SLOOK AT SOME EXAMPLES OF HOW
PLANTS HAVE RESPONDED TO BIOSOLIDS ON MY FARM.

THERE ARE MANY REASONSWHY | BELIEVE THAT DRYLAND GRAIN LAND ISAN OPTIMUM LOCATION FOR
UTILIZING BIOSOLIDS. BUT BEFORE | ELABORATE, PLEASE LET ME MAKE TWO POINTS THAT | FEEL ARE
EXTREMELY IMPORTANT.
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BIOSOLIDS PROVIDE MANY BENEFITS FOR FARMLAND.
BIOSOLIDS BENEFIT THE CITY WHERE THEY ORIGINATE.

IF YOU ARE INVOLVED IN A WASTEWATER PROGRAM THAT CONSIDERS ASLUDGE DISPOSAL({ A ANECESSARY EVIL,(
YOUR PROGRAM WILL NOT WORK. YOUR MIND-SET MUST BE TO FIND THE BEST POSSIBLE OPTION FOR THE
UTILIZATION OF BIOSOLIDS. THISMAY NOT ALWAYS BE YOUR LOWEST COST OPTION, BUT IT SHOULD BE THE
BEST OPTION FOR THE ENVIRONMENT AND THE LONG-TERM NEEDS OF THE COMMUNITY YOU REPRESENT. THE
WORDS "SLUDGE, DISPOSAL, DUMPING," ETC. MUST BE ELIMINATED FROM YOUR VOCABULARY.

IF YOU ARE INVOLVED IN A WASTEWATER PROGRAM THAT CONSIDERS BI OSOLIDS DISTRIBUTION ASA PROCESS
THAT ISENHANCED BY OUR INVOLVEMENT, THEN, AND ONLY THEN, ARE YOU ON YOUR WAY TO A BENEFICIAL
PROGRAM. YOUR BENEFICIAL USE PROGRAM WILL BE GOOD FOR THE FARM THAT RECEIVES THE BIOSOLIDSAND
THE NATION THAT CONSUMES THE FOOD THAT IS GROWN ON THAT LAND.

ONE LONG-TERM OBJECTIVE WORTH CONSIDERING ISWHAT | CALL THE ANUTRIENT TRANSFER PLAN(. THE
BASIC CONCEPT ISA SMPLE ONE. REMOVE LAGOON SOLIDS FROM LAGOONS (DEWATER IF COST EFFECTIVE) AND
HAUL IT TO THE NEAREST SECONDARY TREATMENT PLANT, SO THAT IT CAN BE AHOMOGENIZED,{ IN AN
ANAEROBIC DIGESTER, AND THEN DEWATERED AND DELIVERED TO YEAR-ROUND AGRICULTURAL UTILIZATION
PROGRAMS. THIS PROGRAM WOULD HELP TO PROVIDE CAPACITY IN LAGOONS THAT NOW WILL NOT ACCEPT
SEPTAGE BECAUSE OF SPACE LIMITATIONS. THISPLAN WOULD ASSIST SMALL- AND MEDIUM-SIZED
COMMUNITIES WITH WHAT ISA VERY LARGE, LONG-TERM PROBLEM. EMPTYING LAGOONSIN THISMANNER HAS
SEVERAL ADVANTAGES

1) PRESENT AN ORGANIZED PROGRAM FOR MOVING NUTRIENTS FROM LAGOONS TO SECONDARY
TREATMENT PLANTS AND THEN TO FARMLAND.

2) RELIEVE THE ASEPTAGE CRISIS) (SEPTAGE WITH NO PLACE TO GO).

3) ENCOURAGE THE PRODUCT ION OF AHIGH QUALITY(@ CONSISTENT BIOSOLIDS(TREATED SEWAGE
SLUDGE THAT MEETSALL EPA REQUIREMENTS FOR LAND APPLICATION), WHICH FACILITATES A
QUALITY FARMLAND APPLICATION PROGRAM.

4) PROVIDE THE BEST ALTERNATIVE FOR SMALL- AND MEDIUM-SIZED COMMUNITIES TOEMPTY THEIR
LAGOONS

NON-IRRIGATED (DRYLAND) GRAIN FARMS CAN BE FOUND IN ALMOST EVERY PART OF THIS COUNTRY.
NORMALLY THE SOILS FOUND ON A DRYLAND GRAIN FARM ARE DEPLETED IN THE NUTRIENTS THAT CAN BE
PROVIDED WITH BIOSOLIDS. THE POTENTIAL FOR APERCEIVED() EROSION AND/OR LEACHING ARE RELATIVELY
LOW ON A DRYLAND GRAIN FARM. THE CROPS RAISED ON MY DRYLAND GRAIN FARM INCLUDE, WHEAT,
BARLEY, OATS AND CANOLA, BUT NATIONWIDE WOULD ALSO INCLUDE CORN, SOYBEANS GRAIN SORGHUM, RYE,
TRITICALE, MILLET, MILO AND RAPESEED.

ON SEPTEMBER 3, 1991, | COMPLETED BY HARVEST. MY PRIMARY CROP IN 1991 WAS STEPTOE BARLEY. |
HAD 425 ACRES OF BARLEY GROWN ON LAND THAT HAD RECEIVED BIOSOLIDS AT SOME TIME SINCE 1988 AND
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315 ACRES OF BARLEY THAT HAD NEVER RECEIVED BIOSOLIDS. THE YIELD OF THE ABIOSOLIDS BARLEY( WAS
1,080 PoUNDS MORE PER ACRE THAN THE OTHER BARLEY. MY AVERAGE YIELD ON OUR DRYLAND ABIOSOLIDS
BARLEY, @ ON 425 ACRES, WAS 3,840 POUNDS PER ACRE.

| BELIEVE THAT IF YOU WILL TAKE THE TIME TO REVIEW THE BASIC INFORMATION ABOUT SOIL NUTRITION AND
THE COMPOSITION AND USES FOR BIOSOLIDS, YOU WILL BE ABLE TO UNDERSTAND WHAT MY BARLEY AND
WHEAT PLANTS HAVE BEEN TELLING ME SINCE 1988:

PLANTS LIKE BIOSOLIDS.

REFERENCES

RoBB, D.A. AND W.S. PIERPOINT. 1983. METALSAND MICRONUTRIENTS UPTAKE AND UTILIZATION BY
PLANTS

SOIL SCIENCE SOCIETY OF AMERICA. 1972. MICRONUTRIENTS IN AGRICULTURE: PROCEEDINGS OF A
SYMPOSIUM HELD AT MUSCLE SHOALS, ALABAMA, APRIL 20-22, 1971, AND COSPONSORED BY THE
TENNESSEE VALLEY AUTHORITY AND THE SOIL SCIENCE SOCIETY OF AMERICA.

STEVENSON, F.J. 1986. CycLESOF SoiL: CARBON, NITROGEN, PHOSPHORUS, SULFUR, MICRONUTRIENTS

U.S. CROP REPORTING BOARD. NOVEMBER 1976. COMMERCIAL FERTILIZERS, CONSUMPTION OF
COMMERCIAL FERTILIZERS, PRIMARY
PLANT NUTRIENTS AND
MICRONUTRIENTS
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SECTION 2.13 C PART 258C CRITERIA FOR MUNICIPAL SOLID WASTE LANDFILLS

THE REGULATIONSIN 40 CFR PART 258 SET REQUIREMENTS FOR THE OWNERS AND OPERATORS (NOT
GENERATORS) OF MUNICIPAL SOLID WASTE (MSW) LANDFILLS. THE PURPOSE OF THIS REFERENCE SHEET ISNOT
TO SUMMARIZE THE ENTIRE PART 258 REGULATIONS, BUT TO HIGHLIGHT KEY COMPONENTS AND
REQUIREMENTS THAT MAY BE SPECIFIC TO THE DISPOSAL OF BIOSOLIDSAT A MSW LANDFILL. BEFORE
DISPOSAL OF BIOSOLIDSIN A MSW LANDFILL, EPA REGION VIII AND THE MSW LANDFILL OWNER MUST

REQUIRE POTWS TO CONFORM TO THE FOLLOWING REQUIREMENTS AND REPORT THE RESULTS FROM EACH
TEST :

$ WASTE EXHIBITING FREE LIQUIDS, AS DETERMINED BY THE PAINT FILTER TEST, CANNOT BE
DEPOSITED.

$ HAZARDOUSWASTE CANNOT BE DISPOSED OF IN A MSW LANDFILL AND THE OWNERSOR

OPERATORS OF THE LANDFILL MAY REQUIRE A TCLP VERIFICATION ANALYSIS PCB ANALYSISMAY
ALSO BE REQUIRED.

$ OWNERSAND OPERATORS ARE REQUIRED TO PREVENT OR CONTROL ONSITE POPULATIONS OF
DISEASE VECTORS USING "TECHNIQUES APPROPRIATE FOR THE PROTECTION OF HUMAN HEALTH AND
THE ENVIRONMENT."® LANDFILL OWNERS MAY REQUIRE DOCUMENTATION REGARDING THE
METHOD OF PATHOGEN AND VECTOR ATTRACTION REDUCTION.

ALSO, TO BE IN COMPLIANCE WITH PART 503 RULES (1) POTWSMUST ENSURE THAT BIOSOLIDS DISPOSED OF
AT A MSW LANDFILL ARE DEPOSITED WITHIN THE ACTIVE MSW "UNIT" AND NOT IN A SEPARATE UNIT,
LAGOON, OR TRENCH INTENDED SPECIFICALLY FOR BIOSOLIDS, AND (2) THE POTW MUST ONLY SEND ITS
BIOSOLIDSTOA MSW LANDFILL THAT ISIN COMPLIANCE WITH THE REQUIREMENTS OF PART 258.

*40 CFR 258.22.
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SECTION 2.14 C BIOSOLIDS APPLICATION TO RANGELANDS

BIOSOLIDS APPLICATION TO AGRICULTURAL LAND TO INCREASE CROP YIELD HAS BEEN PRACTICED FOR SEVERAL
DECADES AND ITS BENEFICIAL PROPERTIES ASA NITROGEN FERTILIZER AND SOIL CONDITIONER HAVE BEEN WELL
DOCUMENTED. BIOSOLIDSHAVE ALSO BEEN APPLIED TO RANGELAND AND, WHILE NOT AS EXTENSIVELY
PRACTICED AND RESEARCHED ASITS APPLICATION TO AGRICULTURAL LAND, STUDIESHAVE DEMONST RATED
THAT IT IMPROVES RANGELAND PRODUCTIVITY. UNFORTUNATELY, VERY LITTLE OF THE RESEARCH HAS
FOCUSED ON IDENTIFYING POTENTIAL ADVERSE ENVIRONMENTAL IMPACTS SPECIFICALLY NITRATE
CONTAMINATION OF GROUNDWATER AND SURFACE WATER DUE TO EXCESS NITRATE LEACHING AND RUNOFF.
THE FOLLOWING SYNOPSI S OF SOME OF THE RESEARCH FINDINGS PROVIDES SOME INFORMATION WHICH WILL
SERVE MUNICIPALITIESIN THE DESIGN OF BIOSOLIDS TO RANGELAND PROGRAMS.

A SUMMARY OF THE SIGNIFICANT DATA AND RESULTS OF 8 STUDIESARE LISTED IN TABLE 2.14-1. THE
RESEARCH STUDY SITESARE LIMITED TO TWO SITESIN COLORADO AND TWO SITESIN NEwW MEXICO. THEFOCUS
OF THE STUDIESWAS TO DETERMINE THE OPTIMUM APPLICATION RATES THAT PRODUCED THE GREATEST
YIELD IN NATIVE FORAGE GRASSES WITHOUT ADVERSE IMPACT ON SPECIES DIVERSITY. THEBIOSOLIDS
APPLICATION QUANTITIES RANGE FROM 0.0 TO 90.0 MG/HA (DRY), AND MOST SOILS WERE OF MEDIUM
TEXTURE (SANDY LOAM, SANDY CLAY LOAM). MOST OF THE STUDIES REPORTED INCREASES IN VEGETATIVE
PRODUCTIVITY (SOME WITH INCREASES IN SPECIES DIVERSITY) ASA RESULT OF THE BIOSOLIDS APPLICATIONS

THE NEW MEXICO STUDIES USED APPLICATION RATES OF 0, 22.5, 45 AND 90 MG/HA. ONE STUDY REPORTED
MOST FAVORABLE VEGETATIVE GROWTH AT THE 22.5 AND 45 RATESWHILE ANOTHER STUDY REPORTED 2- TO
3-FOLD INCREASE IN FORAGE PRODUCTION AT THE 45 AND 90 MG/HA RATE. N CONTRAST, THE COLORADO
STUDIES WHICH USED APPLICATION RATESOF 0, 2.2, 4.5, 9, 11, 13, 18, 22, 27, 31, 34, AND 36 REPORTED
ENHANCED VEGETATION AT 4.5 MG/HA WITH MAXIMUM VEGETATIVE GROWTH AT 11 MG/HA. THE COLORADO
STUDIES INDICATE THAT ENHANCED FORAGE PRODUCTION OF RANGELAND OCCURS AT MUCH LOWER BIOSOLID
QUANTITIES THAN EVALUATED BY THE NEwW MEXICO STUDIES. THE 11 MG/HA APPLICATION RATE MAY BE
PROVIDING THE NITROGEN NEEDS OF THE GRASSES AND THE HIGHER YIELDS ACHIEVED BY RATES GREATER THAN
11 MG/HA MAY BE DUE TO THE INCREASED MOISTURE PROVIDED BY THESE HIGHER BIOSOLID RATES.

THE NEW MEXICO STUDIES DID NOT EVALUATE NITRATE LEACHING FROM BIOSOLIDS APPLICATIONS, HOWEVER,
AN ADDITIONAL STUDY SUMMARIZED IN TABLE 2.14-2 REPORTS CHANGES IN WATER FLUX IN ONE OF THE NEW
MEXICO STUDY SITESASAN INDICATOR OF POTENTIAL LEACHING. THE RESULTSOF THIS STUDY INDICATE
THAT LEACHING ISNOT BELIEVED TO OCCUR BELOW 1.5 M DEPTH IN SIMILAR SOILS WITHIN THE SEMIARID
ENVIRONMENT OF THE STE. THE PROBLEM OF NITRATE LEACHING WAS CONSIDERED IN THE TWO COLORADO
STUDIES. THE PROBLEM OF SURFACE WATER CONTAMINATION BY NITRATES IN RUNOFF WAS REPORT ED IN
THREE OF THE STUDIES. THE FORT COLLINS, CO sTuDIES (RBD AND CDM, 1994) REPORTED THAT AN
OPTIMUM APPLICATION RATE OF 4.5 MG/HA (DRY) WOULD ENHANCE VEGETATIVE GROWTH WITH MINIMUM
EXCESS NITRATE CONCENTRATIONS IN SOIL. THE WoLCOTT, CO sTuDY (PIERCE, 1994) REPORTED THAT
APPLICATION RATES ABOVE 20 MG/HA POSE A POTENTIAL HAZARD TO SURFACE WATERS BY NITRATE IN
SURFACE RUNOFF, WHILE THE NEW MEXICO SEVILLETA NATIONAL WILDLIFE REFUGE REPORTED A REDUCTION
IN SURFACE WATER RUNOFF AT THE 45 MG/HA APPLICATION RATE.

EPA REGION VIII RECOGNIZES THAT THERE IS LIMITED INFORMATION ON POTENTIAL LEACHING OF NITRATES
AS A FUNCTION OF THE APPLICATION OF BIOSOLIDS TO RANGELAND FOR VEGETATIVE GROWTH ENHANCEMENT.
THE FORT COLLINS, CO STUDY INDICATES THAT APPLICATION RATES BETWEEN 4.5 AND 11 MG/HA WILL
PREVENT NITROGEN FROM BEING THE LIMITING FACTOR FOR GRASSLAND PRODUCTIVITY AND WILL PROTECT
SURFACE AND GROUNDWATER FROM EXCESSIVE NITRATE LEACHING. THE AGENCY WILL EVALUATE EACH
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RANGELAND BIOSOLIDS APPLICATION ON A CASE-BY-CASE BASISIN LIGHT OF THISAND THE WoLcoTT, CO
STUDY.
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TABLE 2.14-1. SUMMARY OF RESEARCH ON BIOSOLIDS APPLICATION TO RANGELAND.

MEAN BiosoLibs
GEOGRAPHIC SolL PLANT PRECIP. | BjosoLiDS LOADING
REFERENCE |  LOCATION ProFILE | CoMMUNITY | (CM/YR) Tyre (MG/HA, DRY) | SIGNIFICANT RESULTSOF STUDY
GALLIERET | WoOLCOTT, Nor WESTERN 25 DEWATERED | 0.0, 4.5, 9.0, INCREASE IN SPECIESDIVERSITY WITH BIOSOLIDS
AL., 1993, | CO REPORTED | WHEATGRASS, AEROBICALL | 13.0, 18.0, APPLICATION. INCREASE IN NITROGEN CONCENTRATION
PIERCE, (CENTRAL ALKALI Y DIGESTED | 22.0, 27.0, IN SOIL PROFILE WITH INCREASING APPLICATION RATES,
1994 CO) BLUEGRASS, 31.0,36.0 BUT DID NOT PENETRATE BELOW 90 M. APPLICATION
INDIAN RATESABOVE 20 M G/HA POSE A POTENTIAL HAZARD
RICEGRASS FOR SURFACE WATER CONTAMINATION BY NITRATES.
RBD AND | MEADOW SANDY BLUE GRAMA, 38 DEWATERED | 0.0, 2.2, 4.5, M AXIMUM VEGETATIVE GROWTH WASOBTAINED ATAN
CDM, SPRINGS LOAM, BUFFALO ANAEROBIC | 11.0, 22.0, APPLICATION RATEOF 11 M G/HA. AN APPLICATION
194 RANCH, FORT | SANDY GRASS, AND 34.0 RATE OF 4.5 M G/HA (DRY) OF BIOSOLIDSWOULD
COLLINS, CO | CLAY LOAM | WESTERN COMPOSTED INCREASE VEGETATIVE GROWTH AND MINIMIZE EXCESS
WHEATGRASS, NITRATE CONCENTRATIONSIN SOIL.
FRINGED SAGE
AGUILAR | SEVILLETA FINESANDY | BLUEGRAMA, | 20-25 | DEWATERED | 45.0 REDUCTION IN RUNOFF VOLUMES DUE TO BIOSOLIDS
AND NATIONAL LOAM, HAIRY GRAMA WATER ABSORPTION AND INCREASED SURFACE
LOFTIN, WILDLIFE SLOPING ROUGHNESS. NITRATE CONCENTRATIONSIN RUNOFF
1991 REFUGE, ALLUVIAL WERE WELL BELOW RECOMMENDED NM STANDARD OF
CENTRALNM | FAN 10 MG/L-N.
FRESQUEZ | RIOPUERCO | AINESILTY | SNAKEWEED, 25 DEWATERED | 0.0, 22.5, 45.0, | AN INCREASE OF 2- TO3-FOLD IN BLUE GRAMA FORAGE
ETAL., WATERSHED, BLUE GRAMA 90.0 PRODUCTION WASFOUND FOR BIOSOLIDS APPLICATIONS
1991 NORTH- OF45 AND 90 MG/HA. A DECREASE IN SNAKEWEED
CENTRAL NM YIELD WASFOUND.
AGUILAR | SEVILLETA SANDY BLUEGRAMA, 20-25 | DEWATERED | 45.0 REDUCTION IN RUNOFF VOLUME DUE TOWATER
ETAL., NATIONAL LOAM, HAIRY GRAMA ABSORPTION OF BIOSOLIDSAND INCREASED SURFACE
1992 WILDLIFE STABLE ROUGHNESS.
REFUGE, ALLUVIAL
CENTRAL NM | FAN
DENNIS RioPuerco | Nor SNAKEWEED, 25 DEWATERED | 0.0, 22.5, 45.0, | HIGH FUNGAL POPULATIONSAND LOW FUNGAL
AND WATERSHED, | REPORTED | BLUEGRAMA 90.0 DIVERSITY FOUND IN SOIL DUE TO INCREASING
FRESQUEZ, | NORTH- BIOSOLIDS APPLICATIONS, THUSIMPROVING THE SOIL
1989 CENTRAL NM FERTILITY.
WHITFORD | RlOPUERCO | NoT BLUE GRAMA 25 DEWATERED | 1.0BIOSOLIDS | NOSIGNIFICANT INCREASE IN SOIL BIOTA.
ETAL., WATERSHED, | REPORTED (WTH2.00F
1939 NORTH- WOODCHIPS
CENTRAL NM AND STRAW
MULCH)
FrResQUEz | RloOPUERCO | NoOT SNAKEWEED, 25 DEWATERED | 0.0, 22.5,45.0, | TOTAL FOLIAR COVER INCREASED LINEARLY WITH
ETAL., WATERSHED, | REPORTED | BLUEGRAMA 90.0 BIOSOLIDSAPPLICATION QUANTITIES. BLUE GRAMA
1990 NORTH- INCREASE 2- TO3-FOLD. BIOSOLIDSAPPLICATIONSOF
CENTRAL NM 22.5 AND 45 M G/HA PRODUCED THE MOST FAVORABLE

VEGETATIVE GROWTH RESPONSES, WHEREAS
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MEAN BiosoLIDs
GEOGRAPHIC SoiL PLANT PRECIP. | BiosoLiDs LOADING
REFERENCE | LocaTion | PROFILE | COMMUNITY | (CM/YR) TYPE | (MG/HA, DRY) | SIGNIFICANT RESULTSOF STUDY
APPLICATIONSOF 90 M G/HA DID NOT SIGNIFICANTLY
INCREASE YIELD.
TABLE 2.14-2. SUMMARY OF RESEARCH ON WATER FLUX AND LEACHING POTENTIAL ON RANGELAND.
MEAN
GEOGRAPHIC SoiL PLANT PrEcCIP.
REFERENCE LOcATION PROFILE CommuNITY (ov/YR) SIGNIFICANT RESULTSOF STUDY
AGUILARAND | RiIoPuErcO QUERENCIA LOAM SNAKEWEED, 25 THE SOIL MOISTURE CONTENT DID NOT SIGNIFICANTLY INCREASEAT
ALDON, 1991 | WATERSHED, (SANDY LOAM AND | GALETTA-SAND THE DEPTH INTERVAL OF 161-170 CM DURING THE 3-YEAR PERIOD OF
WEST-CENTRAL, | SANDY CLAY LOAM) | DROPSEED STUDY. LEACHING DUE TO SATURATED FLOW ISNOT EXPECTED TO
NM OCCUR BELOW 1.5 M IN SIMILAR SOILSWITHIN THISSEMIARID
ENVIRONMENT. NOTED CHANGE IN SPECIE. DECREASE OF NOXIOUS
SPECIE AND SAW SPECIESNOT SEEN FOR 50 YEARSRETURN.
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SECTION 2.15 C GROUNDWATER MONITORING

MANY POTWSMAY CONDUCT GROUNDWATER MONITORING AS PART OF THEIR STANDARD OPERATING
PROCEDURES. THE USE OF WASTEWATER LAGOONS, BIOSOLIDS DRYING/THICKENING LAGOONS, DRYING BEDS,
STORAGE PILES, SURFACE DISPOSAL SITES OR OTHER RELATED ACTIVITIES REQUIRES PERIODIC GROUNDWATER
MONITORING DUE TO THE POTENTIAL FOR GROUNDWATER CONTAMINATION.

THE STANDARD EPA REFERENCE WORK FOR GROUNDWATER MONITORING IS PRACTICAL GUIDE FOR GROUND-
WATER SAMPLING (EPA/600/2-85/104).

THIS DOCUMENT CAN BE DOWNLOADED FROM THE INTERNET AT
HTTP://WWW.EPA.GOV:80/SWERUST 1/CAT/PRACGW .PDF
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SECTION 2.16 C SUPPLEMENTAL REFERENCES

THE FOLLOWING LIST OF REFERENCES MAY PROVIDE ADDITIONAL USEFUL INFORMATION FOR MANY OF THE
TOPICS PRESENTED IN THISHANDBOOK. THERE ARE REFERENCES FOR BOTH GENERAL AND SPECIFIC TOPICS.

GENERAL

$

PRoCESs DESIGN MANUALC SLUDGE TREATMENT AND DisPosAL, EPA-625/1-79-011, SEPTEMBER
1979.

PRrRocEss DESIGN MANUALCLAND APPLICATION OF MUNICIPAL S_.UDGE, EPA-625/1-83-016,
OCTOBER 1983.

TECHNICAL SUPPORT DOCUMENT FOR LAND APPLICATION OF SEWAGE S.UDGECVOLUME 1, EPA
822/R-93-001A, NOVEMBER 1992.

CONTROL OF PATHOGENS AND VECTOR ATTRACTION REDUCTION

$

ENVIRONMENTAL REGULATIONS AND TECHNOLOGYC CONTROL OF PATHOGENSIN MUNICIPAL
WASTEWATER SLUDGE, EPA/625/10-99/006, SEPTEMBER 1999.

TECHNICAL SUPPORT DOCUMENT FOR REDUCTION OF PATHOGENS AND VECTOR ATTRACTION IN
SEWAGE SLUDGE, EPA/822/R-93-004, NOVEMBER 1992.

ENVIRONMENTAL REGULATIONS AND TECHNOLOGYC CONTROL OF PATHOGENS AND VECTOR
ATTRACTION IN SEWAGE SLUDGE, EPA/625/R-92/013, 1992.

AGRONOMIC RATE AND LOADINGS LIMITATIONS

$ SOIL UITABILITY AND STE SELECTION FOR BENEFICIAL USE OF SEWAGE SLUDGE, MANUAL 8,

MARCH 1990, OREGON STATE UNIVERSITY EXTENSION SERVICE.

SEWAGE S_.UDGE GUIDELINES FOR WASHINGTON, PART TWOC STE SELECTION AND MANAGEMENT,
EB1431, PART THREEC SAMPLE PROBLEM AND WORKSHEET FOR CALCULATING S_LUDGE
APPLICATION RATES, EB1432, WASHINGTON STATE UNIVERSITY EXTENSION SERVICE.

GUIDE TO FERTILIZER RECOMMENDATIONSIN COLORADO, XCM-37, 1990, COLORADO STATE
UNIVERSITY EXTENSION SERVICE.

2.16-1



BIOSOLIDS REFERENCE SHEET -l

REGION VI

EVERYTHING YOU WANTED TO KNOW ABOUT ENVIRONMENTAL REGULATIONS... BUT WERE AFRAID TO AsK, A
GUIDE FOR SMALL COMMUNITIES, APRIL 1993. THE DOCUMENT CAN BE OBTAINED BY CONTACTING PAULINE
AFSHAR AT (303) 312-6267. A REVSION OF THISDOCUMENT CAN BE DOWLOADED AT
WWW.KDHE.STATE.KSUSENVIRONMENT/EVRYTHNG.HTML.

ALTHOUGH IT ISDIRECT ED TOWARD KANSAS IT INCLUDES APPLICABLE FEDERAL STATUTES AND REGULATIONS.

ENVIRONMENTAL GUIDANCE FOR VERY SVALL COMMUNITIES, REGULATION HANDBOOK, EPA 910/9-92-003.

U.S. EPA REGIONAL AND STATE BIOSOLIDS COORDINATORS

THISLIST CAN ALSO BE DOWLOADED AT WWW.BDMSINFO.COM, EPA:SWEBSITE ON THE BIOSOLIDS DATA
MANAGEMENT SYSTEM.

U.S. EPA HEADQUARTERSOFFICE OF RESEARCH AND DEVELOPMENT LAB CONTACTS

B10sOLIDS CONTACTS
STATE COORDINATOR LIST

REGION 1
THELMA HAMILTON MURPHYUSEPA REGION 1 MAINE
OFFICE OF ECO-SYSTEM PROTECTION DAVID WRIGHT, MAINE DEP
JFK FEDERAL BUILDING - CMU SLUDGE RESIDUALS UNIT
Boston, MA 02203 STATE HOusE, STATION 17
TEL: 617-565-3569, FAX: 617-565-4940 AucGusTA, ME 04333
MURPHY . THELMA @EPA.GOV TEL: 207-287-2651, FAax: 207-287-7826

DAVID.W.WRIGHT@STATE.ME.US
CAROLYN JENKINS

NEIWPCC MASSACHUSETTS
BoOTT MILLS SOUTH LARRY PoLESE, MA DEP
FOTT JOHN STREET 50 RouTE 20

LoweLL, MA 01852 MILLBURY, MA 01527
TEL: 978-323-7929, Fax: 978-323-7919 TEL: 508-752-8648
CIENKINS@NEIWPCC.ORG Fax: 508-755-9253
LARRY .POLESE@STATEMA.USVERMONT NEW HAMPSHIRE
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CATHY JAMIESON

VT DePT. OF ENVIRONMENTAL CONSERVATION
103 S. MAIN ST., SEWING BLDG.

WATERBURY, VT 05671

TEL: 802-241-3831
CATHYJ@DEC.ANR.STATEVT.US

RHODE ISLAND

ALEX PINTO

Rl DEM

235 PROMENADE ST.
ProVIDENCE, RI 02908

TEL: 401-277-3961

Fax: 401-521-4230
APINTO@DEM.STATE.RI.US

ALIA ROUFAEAL
USEPA REGION 2

Div. OF ENFORCEMENT AND COMPLIANCE ASSST.

290 BROADWAY - 20TH FLOOR
NEw YORK, NEw YORK 10007-1866
TEL: 212-264-8663

FAx: 212-264-9597
ROUFAEAL.ALIA@EPA.GOV

NEW JERSEY
TONY PILAWSKI

BUREAU OF PRETREATMENT AND RESIDUALS, NJ
DEP

401 E. STATE STREET, CN-029
TRENTON, NJ 08625-0029

TEL: 609-633-3823, FAax: 609-984-7938
APILAWSK @DEP.STATE.NJUS

MICHAEL RAINEY

SLUDGE & SEPTAGE MANAGEMENT
NH DES

64 N. MAIN STREET, 3RD FLOOR
CoNcorD, NH 03301

TEL: 603-271-2818

Fax: 603-271-7894

M_RAINEY @DES.STATE.NH.US

CONNECTICUT

BoB NORWOOD

CT DEP

WATER COMPLIANCE UNIT

79 ELM STREET

HARTFORD, CT 06106-1632

TEL: 860-424-3746

Fax: 860-424-4067
ROBERT.NORWOOD@PO.STATE.CT.US

REGION 2
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NEW YORK

SALLY ROWLAND

RECYCLING & BIOSOLIDSMGMT. SECTION

NY DePT. OF ENVIRONMENTAL CONSERVATION
50 WoLF RoAD, Room 212

ALBANY, NEwW YORK 12233-7253

TEL: 518-457-3966 OR 518-457-7337

Fax: 518-457-1283

SALLY.ROWLAND@DEC.MAILNET.STATE.N
Y.US
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REGION 3

ANN CARKHUFF

USEPA REeGION 3

WATER PROTECTION Div.

841 CHESTNUT STREET
PHILADELPHIA, PA 19107
TEL: 215-566-5735

Fax: 215-566-2301
CARKHUFF.ANN@EPA.GOV

DELAWARE

STEVE ROHM

DE DNREC

P.O. Box 1401

89 KINGS HIGHWAY

DovER, DE 19903

TEL: 302-739-5731

Fax: 302-739-3491
SROHM@DNREC.STATE.DE.US

MARYLAND

MARTHA HYNSON

MD DEPT. OF THE ENVIRONMENT
2500 BROENING HwY

BALTIMORE, MD 21224

TEL: 410-631-3375

Fax: 410-631-3321
HYNSON@MDE.STATE.MD.US

WEST VIRGINIAJAMES SUMMERSWYV DEP1356
HANSFORD STREET CHARLESTON, WV 25301TEL:
304-558-2497FAX:
304-558-39481SUMMERS@MAIL.DEP.STATE.
WV.US

2.16-4

VIRGINIACAL SAWYERVA DEPT. OF
HEALTHDIVISION OF WASTEWATER
ENGINEERING109 GOVERNOR STREET MADISON
BuiLDINGRICHMOND, VA 23219TEL:
804-786-1755FAX:

804-371-2891CSAWY ER@VBH.STATE.VA.US

VIRGINIALILY CHOIVA DEQP.O. Box
11143RIcHMOND, VA 23230-1143TEL:
804-698-4054FAX:

804-698-4032Y CHOI@DEQ.STATE.VA.US

PENNSYLVANIAJAY AFRICAPA DEPP.O. Box
2063HARRISBURG, PA 17120TEL:
717-787-8144FAX:

717-787-8184AFRICA.JAY @A1.DEP.STATE.PA.
us
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REGION 4

MADOLYN DOMINY

USEPA REGION 4100 ALABAMA STREETATLANTA,
GA 30303TEL: 404-562-9305FAX:
404-562-8692DOMINY .MADOLY N@EPA.GOV

ALABAMAL. CLIFF EVANSWATER QUALITY
PROGRAMAL DEPT. OF ENVIRONMENTAL
MANAGEMENTP.O. Box 301463MONTGOMERY, AL
36130-1463TEL: 334-271-7816FAX:
334-279-3051LCE@ADEM.STATE.AL.US

FL ORIDAMAURICE BARKERFL DEPT. OF
ENVIRONMENTAL REGULATIONTWIN TOWERS
OFFICE BUILDING2600 BLAIR STONE
ROADTALLAHASSEE, FL 32399-2400TEL:
850-922-4295FAX :
850-921-6385BARKER_M@DEP.STATE.FL.US

GEORGIANANCY PROCKENVIRONMENTAL
PROTECTION DiviSIONGA DNR4244
INTERNATIONAL Pkwy, SUITE 110ATLANTA, GA
30354TEL: 404-656-4708 (SS)FAX:
404-362-2654NANCY _PROCK @MAIL.DNR.STA
TE.GA.US

TENNESSEE

ROGER LEMASTERSDIV. OF WATER POLLUTION
CoNTROLTN DEC401 CHURCH STREET, SIXTH
FLOOR ANNEXNASHVILLE, TN 37243-1534TEL:
615-532-0649, FAX:
615-532-0503RLEMASTER@MAIL.STATE.TN.U
S

KENTUCKY MARK CRIMDIVISION OF WASTE
MANAGEMENTKY DNR/ENVIRONMENTAL
PrROTECTION CABINETFORT BOONE PLAZA14
REILLY RoADP.O. Box 10385FRANKFORT, KY
40601TEL:
502-564-6716CRIM@NRDEP.NR.STATE.KY.US

M SSI SSI PPl GLEN ODOMOFFICE OF POLLUTION
CoNTROLMS DEQP.O. Box 10385JACKSON, MS
39289-0385TEL: 601-961-5159FAX:
601-961-5376GLENN_ODOM @DEQ.STATE.MS
.US

NORTH CAROLINAKEVIN H. BARNETT
DiviSioN oF WATER QUALITY

NON-DISCHARGE COMPLIANCE/ENFORCEMENT
UNIT

1617 MAIL SERVICE CENTERRALEIGH, NC
27699TEL: 919-733-5083 EXT. 529FAX:
919-733-9919KEVIN.BARNETT@NCMAIL.NET

SOUTH CAROLINAMICHAEL
MONTEBELLODOMESTIC WASTEWATER
DiviSIoNSC DEPT. OF HEALTH &
ENVIRONMENT 2600 BuLL STREET COLUMBIA, SC
29201

TEL: 803-734-5226, FAX: 803-734-5216

MONTEBMJ@COLUMB32.DHEC.STATE.SC.US

REGIONS5

JOHN COLLETTIUSEPA REGION 5
(WN-16J)NPDES SUPPORT & TECHNICAL
ASSISTANCE BRANCH77 WEST JACKSON
BLvD.CHICAGO, IL 60604-3590TEL:

312-886-6106, FAX:
312-886-7804COLLETTI.JOHN @EPA.GOV
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ILLINOISAL KELLERIL EPAP.O. Box
102762200 CHURCHILL ROADSPRINGFIELD, IL
62794-9276TEL: 217-782-0610, FAX:
217-782-9891EPA1185@EPA.STATE.IL.US

INDIANA JoN WAREIN DEM, OFFICE OF SOLID &
HazarRDOUS WASTEP.O. Box 6015100 N.
SENATEINDIANAPOLIS, IN 46206-6015TEL:
317-232-8732IDW@OPN.DEM.STATE.IN.US

MICHIGANBoB BaBcockMI DEQ, SURFACE WQ
Div., PERMITS SECTIONKNAPP'SCENTER, SECOND
FLOORP.O. Box 30273LANSING, M|
48909-7773BABCOCKR@STATE.MI.US

MINNESOTAJorJA DUFRESNEWQ Div., POINT
SOURCE SECTIONMN PoLLUTION CONTROL
AGENCY520 LAFAYETTE ROADST. PAauL, MN
55155TEL: 651-296-9292, FAX:
651-297-8683JORJA.DUFRESNE@PCA.STATE.
MN.US

OHIOCHRIS BowMANOHIO EPA, DivISION OF
SURFACE WATERP.O. Box 1049122 FRONT
STREET CoLuMBUS, OH 43215-1049TEL:
614-644-2001, FAX:
614-644-2329CHRIS.BOWMAN@EPA.STATE.O
H.US

W1 SCONSI NGREG KESTERBUREAU OF
WATERSHED MGMT. WT/2P.0. Box
7921MADISON, WI 53707-7921TEL:
608-267-7611FAX:

608-267-7664K ESTEG@DNR.STATE.WI.US
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REGION 6

STEPHANIE KORDZIUSEPA REGION 6
(6WQ-PO)WATER QUALITY PROTECTION
DivisioN1445 RossAVENUEDALLAS, TX
75202-2733TEL: 214-665-7520FAX:
214-665-2191KORDZ|.STEPHANIE@EPA.GOV

ARKANSASKEITH BROWNAR DPCE8001
NATIONAL DRIVELITTLE Rock, AR 72209TEL :
501-682-0648FAX:

501-682-0910BROWNK @ADEQ.STATE.AR.US

LOUISIANAJ. KILREN VIDRINELA DEQOFFICE
OF WATER RESOURCESP. O. Box 82215BATON
ROUGE, LA 70884-2215FAX:
225-764-0635KILREN_V@DEQ.STATE.LA.US

NEW MEXICOGLENN SAUMSNMED/SWQBP.O.
Box 261101190 St. FRANCISDRIVESANTE FE, NM
87502TEL: 505-827-2803FAX:
505-827-0160GLENN_SAUMS@NMENV.STATE.
NM.US

OKLAHOMADANNY HODGESWATER QUALITY
SERVICEOK DEPT. OF HEALTH1000 NE TENTH
STREETOKLAHOMA CITY, OK 73117-1212TEL:
405-271-5205FAX:

405-271-7339DANNY .HODGES@DEQMAIL.STA
TE.OK.US

TEXASDARRELL WILLIAMSTX NATURAL
RESOURCE CONSERVATION
CoMMISSIONMC-158P.0. Box 13087AUSTIN, TX
78711-3087TEL: 512-239-4480FAX:
512-239-4750DAWILLIA@TNRCC.STATE.TX.U
S

REGION 7

JOHN DUNNUSEPA REGION 7WATER, WETLANDS
& PESTICIDES DIVISION726 MINNESOTA
AVE.KANSASCITY, KS 66101TEL:
913-551-7594FAX:
913-551-7765DUNN.JOHN@EPAMAIL.EPA.GO
\Y

KANSASMARK GERARDKS DEPT. OF HEALTH &
ENVIRONMENT FORBES FIELD, BUILDING
283ToOPEKA, KS 66620-0001TEL:
785-296-5520FAX: 785-296-5509

MISSOURI KEN ARNOLDMO DNRP.O. Box
176205 JEFFERSON STREETJEFFERSON CiTY, MO
65102TEL: 573-751-6825FAX:
573-526-5797NRARNOK @MAIL.DNR.STATE.
MO.US

IOWABILLY CHENIA DEPT. OF WATER, AIR &
WASTE MGMT.HENRY A. WALLACE BUILDING900
EAsST GRANDDES MOINES, |A 50319TEL:
515-281-4305FAX:
515-281-8895BCHEN@MAX.STATE.IA.US

NEBRASKARuUDY FIEDLERNE DECPERMITS AND
CoMPLIANCEP.O. Box 98922LINcOLN, NE
68509-8922TEL: 402-471-4239FAX:
402-471-2909

REGION 8

Bos BrosT USEPA ReGION 8 (BWM-G)999
18TH STREET DENVER, CO 80202-2405TEL:

303-312-6129FAX:
303-312-7084BROBST.BOB@EPA.GOV
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COLORADOLORI TUCKERCO DEPT. OF PuBLIC
HEALTH & ENVIRONMENT4300 CHERRY CREEK
DRIVE SOUTHDENVER, CO 80222TEL:
303-692-3613 FAX:
303-782-0390LORI.TUCKER@STATE.CO.US

SOUTH DAKOTAERIC MEINTSMASD DEPT. OF
ENVIRONMENT AND NATURAL RESOURCESJOE FOSS
BUILDING523 EAST CAPITALPIERRE, SD
57501-3181TEL:

605-773-3351ERICM @DENR.STATE.SD.US

UTAHMARK ScHMITZUT DEQP.O. Box
144870SALT LAKECITY, UT 84114-4870TEL:
801-538-6097FAX:

801-538-6016M SCHMITZ@DEQ.STATE.UT.US

MONTANAPATRICK CROWLEY SOLID WASTE
REGULATORY LEADMONTANA DEPARTMENT OF
ENVIRONMENTAL QUALITY COGSWELL
BUILDINGHELENA, MT 59601TEL:
406-444-5294FAX:

406-444-1374PCROWLEY @STATE.MT.GOV

NORTH DAKOTAGARY
BRACHTENVIRONMENTAL HEALTH
SECTIONDIVISION OF WATER QUALITY, ND DEPT.
OF HEALTH1200 Missourl AVE.P.O. Box
5520BIsMARK, ND 58505-5520TEL :
701-224-5210CCMAIL.
GBRACHT@RANCH.STATE.ND.

us

WYOMINGLARRY ROBINSONWY DEQHERSCHLER
BLDG., 4TH FLOOR WEST 122 W. 25TH

STREET CHEYENNE, WY 82009TEL:
307-777-7075FAX:
307-777-5973LROBIN@MISSC.STATEWY.US

REGION 9

LAUREN FONDAHLUSEPA REGION 9
(WTR-7)CWA CoMPLIANCE OFFICE75
HAWTHORNE STREET SAN FRANCISCO, CA
94105-3901TEL: 415-744-1909FAX:
415-744-1235FONDAHL .LAUREN@.EPA.GOV

ARIZONA CAROL HiIBBARDAZ DEQ3033 N.
CENTRAL AVE., T3011APHOENIX, AZ 85012TEL:
602-207-4158FAX:
602-207-2383HIBBARD.CAROL @EV.STATE.AZ
.US

NEVADABILL CouGHLINNV DEP333 W. NYE
LANECARSON CITY, NV 89710

TEL: 702-687-4670 EXT. 3153FAX: 702-687-5856

2.16-8

CALIFORNIAToDD THOMPSONSTATE WATER
RESOURCES CONTROL BOARDSTATE OF
CALIFORNIA901 P STREET SACRAMENTO, CA
95814TEL: 916-657-0577FAX:
916-657-2388THOM T@DWQ.SWRCB.CA.GOV

HAWAIIGAYLE TAKASAKIWASTEWATER
BRANCH, HI DEPT. OF HEALTH919 ALA MOANA
BLvD., Room 309HoNOLULU, HI 96814TEL:
808-586-4294FAX:
808-586-4300GTAKASAKI@EHA.HEALTH.STA
TE.HI.US
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REGION

Dick HETHERINGTONUSEPA ReGION 10NPDES
PERMITS UNIT (OW-130)1200 SIXTH
AVENUESEATTLE, WA 98101TEL:
206-553-1941FAX:
206-553-1280HETHERINGTON.RICHARD @EPA
.GOV

ALASKAKRISMcCumBYSoLID WASTE
PROGRAMAK DEPT. OF ENVIRONMENTAL
CONSERVATIONG610 UNIVERSITY
AVENUEFAIRBANKS, AK 99709-3643TEL:
907-451-2134FAX:

907-451-2187KMCCUMBY @ENVIRCON.STATE
AK.US

IDAHORICK HUDDLESTONDEQ CONSTRUCTION &
PERMITS BUREAUID DHW1410 NORTH
HiLToNnBoIsE, ID 83706-1253TEL: 208-373-0501
OR 208-373-0502FAX:
208-373-0576RHUDDLES@DHW.STATE.ID.US

10

OREGONDoUG PETERSOR DEQ811 SW 6TH
AVENUEPORTLAND, OR 97204TEL:
503-229-6442FAX:
503-229-5408PETERS.DOUGLAS@DEQ.STATE
.OR.US

WASHINGTONKYLE DORSEYTECHNICAL,
EcoLoGY SoLID WASTE SERVICES PROGRAM300
DesvonD DRIVEP.O. Box 476000LYMPIA, WA
98404-8711TEL: 360-407-6107FAX:
360-407-7157KDOR461@ECY .WA.GOV

U.S. EPA HEADQUARTERSOFFICE OF RESEARCH AND DEVELOPMENT LAB CONTACTS

FOR QUESTIONS ON BIOSOLIDSMANAGEMENT
TECHNOLOGIES AND GUIDANCE ON HOW TO
COMPLY WITH PART 503:

BoBs BASTIAN (202/260-7378; FAX 202/260-0116)
JOHN WALKER (202/260-7283; FAx 202/260-0116)
U.S. EPA, MS 4203

401 M STREET, SW

WASHINGTON, D.C. 20460

FOR QUESTIONS ON PATH OGEN AND VECTOR
ATTRACTION REDUCTION EVALUATIONS AND
EQUIVALENCY ISSUES:

JAMESE. SMITH

(513/569-7355; FAX 513/569-7585)

U.S. EPA, CERI

26 W. MARTIN LUTHER KING DR.
CINCINNATI, OH 45268

2.16-9

FOR QUESTIO NS ON THE DEVELOPMENT OF THE
PART 503 RULE AND RISK ASSESSMENT:

ALAN RUBIN (202/260-1311; FAX 202/260-9830)
U.S. EPA, OST(WH-586)

401 M STREET, SW

WASHINGTON, D.C. 20460
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SECTION 2.17 C SEARCHING FOR INFORMATION ON THE WORLD WIDE WEB

THERE ISNOW SO MUCH INFORMATION ON THE WEB THAT IT CAN SEEM OVERWHELMING. WHEN YOU DO A
SEARCH THAT RETRIEVES THOUSANDS OF DOCUMENTS NONE OF WHICH ARE WHAT YOU WANT, IT CAN BE
FRUSTRATING. THE WEB HAS BEEN DESCRIBED AS A ABADLY ORGANIZED LIBRARY( BUT THERE ARE WAYSTO
BRING ORDER TO IT AND FIND THE INFORMATION YOU WANT. A FEW TIPSWILL BE PROVIDED. IT ISASSUMED
THAT THE USER HAS ONE OF THE TWO MOST WIDELY-USED BROWSERS NETSCAPE NAVIGATOR OR MICROSOFT
EXPLORER. NOTHING IN THIS SECTION ISMEANT AS AN ENDORSEMENT OF ANY COMMERCIAL PRODUCT OR
SERVICE.

THERE A NUMBER OF SEARCH ENGINES THAT YOU CAN USE TO HELP YOU FIND INFORMATION. BECAUSE OF ITS
SHEER SIZE, COMPLEXITY, AND EVER-CHANGING NATURE, NO SEARCH ENGINE CAN COVER THE WEB
COMPLETELY. SOME PROVIDE MORE COVERAGE THAN OTHERS. TWO THAT ARE IN COMMON USE ARE NORTHERN
LIGHT (HTTP://WWW .NORTHERNLIGHT.COM) AND ALTA VISTA (HTTP://WWW.ALTAVISTA.COM). NOMATTER
WHICH SEARCH ENGINE YOU USE, IT ISA GOOD IDEA TOTAKE A LOOK AT THE FREQUENTLY ASKED QUESTIONS
(FAQS) AND THE SEARCH HELP OR SEARCH TIPS SO THAT YOU CAN MAXIMIZE YOUR SEARCHES.

A. IF YOU KNOW AN EXACT PHRASE, PUT THE PHRASE IN QUOTES. ACRIME AND PUNISHMENT@ WILL RETURN
DOCUMENTS THAT CONTAIN THAT PHRASE; THE SAME WORDS WITHOUT THE QUOTATION MARKS (CRIME AND
PUNISHMENT) WILL RETURN DOCUMENTS THAT CONTAIN THE WORD CRIME AND THE WORD PUNISHMENT.

B. You cAN USE OR TO RETURN DOCUMENTSTHAT INCLUDE ANY OF THE SEARCH WORDS, SUCH AS INSULATION
OR FIBERGLASS. THE WORD NOT CAN BE USED TO EXCLUDE A WORD THAT MUST NOT APPEAR IN RETRI EVED
DOCUMENTS MARINERSNOT BASEBALL.

C. YOU CAN USEA + (PLUS) TO INDICATE WORDS THAT MUST BE PRESENT IN RETRIEVED DOCUMENTSAND A -
(MINUS) FOR THOSE THAT MUST NOT BE PRESENT :
+MARINERS -BASEBALL

+RECIPES +ICE CREAM -CHOCOLATE

D. THE MORE WORDS YOU USE IN YOUR SEARCH, THE MORE FOCUSED YOUR RESULTS WILL BE. A SEARCH FOR
FRENCH ALPS SKI RESORTS WILL BE MORE TARGETED THAN SEARCHING ON SKIING.

E. AWILDCARDS CAN BE USED TO REPLACE MULTIPLE CHARACT ERS (*) OR ONE CHARACTER (% ). FOR
EXAMPLE:

CHEMI* WILL RETRIEVE DOCUMENTS THAT BEGIN WITH CHEMI (SUCH AS CHEMIST, CHEMICAL, CHEMISTRY).
PSY CH*IST WILL FIND DOCUMENTS THAT BEGIN WITH PSY CH AND END IN IST (SUCH AS PSYCHOLOGIST,
PSYCHIATRIST ). GENE% LOGY WILL RETURN DOCUMENTS CONTAINING WORDS THAT BEGIN AND END AS
INDICATED, WITH ONE LETTER IN BETWEEN. THISIS USEFUL FOR COMMONLY MISSPELLED WORDS

F. MANY LARGE WEB SITES, SUCH AS GOVERNMENT AGENCIES OR BIG COMPANIES, HAVE A SEARCH ENGINE TO
SEARCH THAT PARTICULAR SITE. FOR EXAMPLE, EPA:SWEB SITE (HTTP://WWW.EPA.GOV) ISHUGE. |F YOU
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KNOW THE TITLE OR A PARTIAL TITLE OF AN EPA DOCUMENT, YOU CAN SEARCH FOR THAT PHRASE (BY USING
QUOTES) AND FIND THE DOCUMENT YOU SEEK.

EXAMPLE SEARCH

TO USE AN EXAMPLE, SUPPOSE YOU ARE DOING A GENERAL SEARCH ON BIOSOLIDS. YOU COULD GO TO
NORTHERN LIGHT AND TYPE IN THE WORD BIOSOLIDS, WITHOUT QUOTES. OVER 9,000 DOCUMENTSWILL BE
RETURNED, ON A WIDE VARIETY OF TOPICS RELATED TO BIOSOLIDS. NORTHERN LIGHT WILL CATEGORIZE THESE
DOCUMENTS AND PUT THEM IN FOLDERS. |IN THESE CASE, SOME OF THE FOLDER HEADINGS ARE CHEMICAL
FERTILIZERS, WASTE MANAGEMENT ; SLUDGE TREATMENT; RECYCLING, COMMERCIAL SITES, ETC. By
CHOOSING ONE OF THE FOLDERS, THE RESULTS WILL BE MORE TARGETED AND YOU WILL NOT HAVE TO BROWSE
THROUGH HUNDREDS OF DOCUMENTS TO FIND WHAT YOU SEEK.

ANOTHER WAY TO FOCUS THE SEARCH WOULD BE TO TY PE IN AFERTILIZER, BIOSOLIDS) TO RETRIEVE
DOCUMENTS WHICH CONTAIN BOTH WORDS. THIS SEARCH RESULTSIN ONLY 38 DOCUMENTS A REASONABLE
NUMBER TO BROWSE; AGAIN, THE RETRIEVED DOCUMENTS ARE SORTED INTO FOLDERS

A SEARCH ON AFERTILIZER NOT CHEMICAL({ PRODUCES OVER 135,000 DOCUMENTS WHILE A+FERTILIZER
+BIOSOLIDS -CHEMICAL( PRODUCES ONLY 828. A SEARCH ON AFERTILIZING WITH BIOSOLIDS] (A DOCUMENT
AUTHORED BY DAN SULLIVAN OF OREGON STATE UNIVERSITY) YIELDS LESS THAN 20 DOCUMENTS INCLUDING
A LINK TO OREGON STATE UNIVERSITY AND FROM THERE A LINK TO THE EXACT DOCUMENT BEING SOUGHT.

THE PRINCIPLE ILLUSTRATED HERE IS SIMPLE. MAKE YOUR SEARCHES AS SPECIFIC ASYOU CAN. |F THE NATURE
OF YOUR SEARCH ISGENERAL, PERHAPS THE RESULTS WILL GIVEYOU CLUES TO NARROW IT A BIT AND SAVE
SOME TIME.

THROUGHOUT THIS DOCUMENT REFERENCES TO THE WWW ARE INCLUDED. |F YOU FIND INTERESTING OR
USEFUL SITES, PLEASE FORWARD THOSE ADDRESSES TO BROBST .BOB@EPA.GOV.
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