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EXECUTIVE SUMMARY

In 1993, the Environmental Protection Agency (EPA) promulgated regulations in 40 CFR
Part 503 as amended, setting numerical standards for certain metals in sewage sludge, requiring
vector attraction reduction (e.g., reducing birds, rodents and insects) for pathogens, and
establishing operational standards for emissions from sewage sludge incinerators. Section
405(d)(2)(C) of the Clean Water Act (CWA) states that EPA shall review the sewage sludge
regulations not less often than every two years for the purpose of identifying additional toxic
pollutants and promulgating regulations for such pollutants consistent with the requirements of
section 405(d).

In fulfilling this commitment for the 2007 Biennial Review Cycle, EPA collected and
reviewed publicly available information. The Agency searched databases with articles published
in English and in refereed journals for information on occurrence, fate and transport in the
environment, human health and ecological effects, as well as other relevant information for
pollutants that may occur in U.S. sewage sludge. If such data are available for pollutants that
may occur in sewage sludge, the agency is able to characterize the potential risk associated with
exposure to such pollutants when sewage sludge is applied to land as a fertilizer or soil

amendment, placed in a surface disposal site, or incinerated.

The data search identified 47 pollutants for which some data were available. However,
the available data are not sufficient at this time to allow the Agency to conduct exposure and
hazard assessments or determine what, if any, regulatory action may be needed. Therefore, at this
time EPA has not identified additional toxic pollutants for regulation under Section 405(d)(2)(C)
of the CWA.
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Introduction

This document summarizes the U.S. Environmental Protection Agency’s (EPA) activities
related to the 2007 biennial review of pollutants pursuant to the Clean Water Act (CWA) Section
405(d)(2)(C). That section requires EPA to review existing sewage sludge regulations at least
every two years to identify additional pollutants for possible regulation. The biennial review
covered by this report summary — the 2007 Biennial Review — obtained biosolids-related
literature through October 2007. This document summarizes the analysis of that literature (a
Technical Memorandum contractor summary is included in Attachment A). In this document, we
use the term “biosolids” interchangeably with “sewage sludge,” which is defined in the

regulations and used in the statute.

History of the Standards for Use or Disposal of Sewage Sludge

In Section 405 of the CWA, Congress set forth a comprehensive program designed to
reduce potential health and environmental risks associated with using or disposing of sewage
sludge. Under Section 405(d), EPA establishes numeric limits and management practices that
protect public health and the environment from the reasonably anticipated adverse effects of
chemical and microbial pollutants in sewage sludge. Section 405(d) prohibits any person from
using or disposing of sewage sludge from publicly owned treatment works (POTWS) or other
treatment works treating domestic sewage, unless the use or disposal complies with regulations

promulgated under section 405(d).

On February 19, 1993, EPA identified pollutants which, on the basis of available
information on their toxicity, persistence, concentration, mobility, or potential for exposure, were
present in sewage sludge in concentrations which may adversely affect public health or the
environment. At that time, the Agency promulgated regulations (58 FR 9248) - CFR 40 Part 503
Standards for the Use or Disposal of Sewage Sludge - specifying acceptable management
practices, numeric standards for ten metals (see Table 1) and operational standards for microbial

organisms.

The 1993 rule established requirements for the final use or disposal of sewage sludge
when it is: (1) applied to land as a fertilizer or soil amendment; (2) placed in a surface disposal

site, including sewage sludge-only landfills; or (3) incinerated. These requirements apply to



publicly and privately owned treatment works that generate or treat domestic sewage sludge and
to anyone who uses or disposes of sewage sludge. The rule also requires monitoring, record

keeping, and reporting of specific information regarding sewage sludge management.

Table 1: Metals Regulated in 40 CFR 503

Metal Land Application Incineration Surface Disposal
Arsenic X X X
Cadmium X X
Chromium Xt X X
Copper X

Lead X X
Mercury X

Molybdenum X!

Nickel X X X
Selenium X

Zinc X

Y Minor amendments published in 1994 and 1995 improved clarity and responded to the results
of judicial review resulting in changes in land application limits for chromium (deleted all limits)
and molybdenum (deleted limits in Tables 2, 3, and 4 of Section 503.13).

2 Mercury emissions are regulated as limits to air emissions either by monitoring the exhaust air
from the incinerator or the ambient air around the incinerator. In either case, the concentration in
the air must meet the National Emission Standards for Hazardous Air Pollutants (NESHAPs, 40
CFR Part 61). Total hydrocarbons (THC) or carbon monoxide (CO) is monitored to represent all
organic compounds in the exhaust gas that are covered by the Part 503 Rule. See Subpart E,
Section 503.43 for other incineration requirements.




Section 405(d)(2)(C) of the CWA also requires the Agency to review from time to time,
but not less often than every 2 years (i.e., biennial reviews), the regulations for the purpose of
identifying additional toxic pollutants and promulgating regulations for such pollutants (the
Agency uses the term pollutant as defined in the CWA). The purpose of reviewing information
on pollutants, or potential pollutants, is to assess the availability and sufficiency of the data to
conduct exposure and hazard assessments. Such exposure and hazard assessments, where
sufficient data exist, allow the Agency to determine the potential for harm to public health or the
environment following use or disposal of biosolids. To inform the exposure and hazard

assessments of pollutants in biosolids, EPA typically collects the following data:

e Toxicity to human and ecological receptors (e.g., toxicity defined in terms of reference
dose, reference concentrations, cancer slope factor, lethal dose, lethal concentration, or
chronic endpoints related to fecundity).

e Acceptable concentration data in sewage sludge. Both the ability to detect a given
pollutant in sewage sludge and the concentrations at which that pollutant is present are
highly dependent on the existence of acceptable analytical methods for that pollutant in
the sewage sludge matrix. Analytical methods for water, effluent, or soil may not
necessarily be appropriate for detecting pollutants in biosolids.

e Fate and transport data for pollutants that may be present in sewage sludge. These data
are necessary for assessing exposure. Chemical and physical properties that are

developed for a given pollutant in sewage sludge should generally include:

Parameter

Molecular weight

Solubility

Vapor pressure

Henry’s law constant

Soil-water partitioning coefficient

Soil adsorption coefficient (Kg and Ko)
Degradation rates in various media

Log octanol-water partition coefficient (Log Kow)
Diffusivity in air

Diffusivity in water




Air-to-plant transfer factor

Root uptake factor for above ground vegetation
Root concentration factor

Bioconcentration factors for animal products

The Agency evaluates the sufficiency of such data for pollutants having acceptable
analytical methods, source concentration values, human health benchmarks, and other pertinent

data for two general purposes:

1. To conduct sewage sludge exposure and hazard assessments for humans and the
environment.

2. To support potential rulemaking under 40 CFR Part 503.

EPA did not meet the timetable in section 405(d) for promulgating the first round of
regulations, and a citizen's suit was filed (Gearhardt v. Reilly (Civ. No. 89-6266-HO (D. Ore.))
to require EPA to fulfill this mandate. A consent decree was entered by the court in that case,
establishing schedules for two rounds® of sewage sludge rules. To comply with the consent
decree, EPA was required to:

« ldentify toxic pollutants in sewage sludge (not identified pursuant to 33 U.S.C.
Section 1345(d)(2)(A)(i) and (ii)) that may adversely affect public health and the
environment. In compliance, on February 19, 1993, EPA promulgated the first
rule codified at 40 CFR Part 503 (58 FR 9248) ("Round One”).

« Sign a notice for publication proposing Round Two' regulations no later than
December 15, 1999, and to sign a notice taking final action on the proposal no
later than December 2001. In compliance, on December 21, 2001 EPA published
in the Federal Register (66 FR 66228) its determination not to regulate dioxin and

Y The terms “Round One” and “Round Two” were used by the consent decree. EPA uses the

term “Biennial Review” to refer to subsequent reviews of Part 503 pursuant to Section 405(d) of
the CWA.



dioxin-like compounds [i.e., polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs), and dioxin-like coplanar
polychlorinated biphenyls (PCBs)] in sewage sludge that is incinerated or placed
in sludge landfills or containment ponds. EPA based its decision on an
evaluation of the risk of exposure for people most likely to be exposed to dioxin
from these sources. EPA concluded that existing regulations for incinerators,
landfills or containment ponds adequately protect human health and the
environment by limiting exposure to pollutants, including dioxins in sewage
sludge that is disposed of at a surface disposal site or incinerated in a sewage
sludge incinerator.

e The consent decree (as amended) required EPA to take final action on the land
application Round Two rulemaking from the original date of December 15, 2001,
to a new date of October 17, 2003. In compliance, on October 24, 2003 EPA
announced its final decision not to regulate dioxins in land-applied sewage
sludge, concluding that dioxins from land-applied sewage sludge do not pose a

significant risk to human health or the environment. (68 FR 61084).
Biennial Reviews

2003 Biennial Review

Consistent with the consent decree mentioned above, EPA agreed to publish a notice in
the Federal Register describing how the Agency intends to respond to the National Research

Council (NRC) report (http://www.epa.gov/waterscience/biosolids/nas/complete.pdf)

recommendations and to seek public comment on its planned response. EPA also agreed to
review publicly available information to identify additional toxic pollutants in sewage sludge and
to publish a notice and seek public comment on the results of the review. Fulfilling these
commitments, EPA published a notice in the Federal Register on December 31, 2003 (68 FR

75531).

For its 2003 Biennial Review, EPA assessed available data on chemical pollutants that

had been detected in sewage sludge and that had not been regulated or previously assessed. The



Agency collected and reviewed publicly available information published between 1990 and 2003
on the occurrence of chemicals in sewage sludge; data on environmental properties such as
mobility and persistence; and available human health benchmarks (HHBS). Following this
review, EPA made preliminary determinations regarding sufficiency of information for
conducting an exposure and hazard-based screening assessment. That literature review identified
803 chemicals reported to occur in sewage sludge. Sufficient data for evaluation were available
for 40 of these 803 pollutants. EPA conducted a human health and an ecological hazard
screening assessment for these 40 pollutants. Of the 40 pollutants evaluated, EPA determined
that 15 pollutants presented a potential risk to human health and/or the environment. EPA further
reduced the 15 pollutants to nine pollutants based on an updated biosolids exposure and hazard
assessment. The results of EPA’s review do not mean that EPA has concluded that these nine
pollutants in sewage sludge adversely affect human health or the environment. EPA will use the
results from the recently completed Targeted National Sewage Sludge Survey (TNSSS)
(www.epa.gov/waterscience/biosolids) to complete its risk evaluation for these 9 pollutants. EPA

will use that evaluation to inform what action, if any, to take under section 405(d) of the CWA.

2005 Biennial Review

For its 2005 Biennial Review, EPA again collected and reviewed publicly available
information. The Agency searched known databases and the published literature designed to
capture available information on occurrence, fate and transport in the environment, human health
or ecological effects, as well as other relevant information for pollutants that may occur in U.S.
sewage sludge. The data search identified 137 pollutants for which some data were available for
118 pollutants (Table 3; EPA-822-R-06-014), the available data were not sufficient to allow the
Agency to either conduct exposure and hazard assessments or determine what, if any, regulatory

action may be needed.

For the remaining19 pollutants (Table 2; EPA-822-R-06-014), data are available to
enable EPA to evaluate exposure and hazard. This evaluation will use existing data, data
collected during the 2005 Biennial Review, and results from the recent Targeted National
Sewage Sludge Survey. When EPA evaluates potential risk for these pollutants, EPA will be able

to determine what, if any, regulatory action may be needed pursuant to Section 405(d) of the



CWA. However, at this time EPA has not identified additional toxic pollutants for regulation
under Section 405(d)(2)(C) of the CWA.

2007 Biennial Review

The remainder of this document presents the 2007 Biennial Review. In conducting the
2007 Biennial Review, EPA again collected and reviewed publicly available information on
pollutants to evaluate potential harm to human health or the environment following use or

disposal of sewage sludge.

Ecological Assessment

EPA conducted a literature search from 2005 through October 2007. EPA searched
databases and the published literature to capture available information necessary for ecological
and environmental risk evaluations (e.g., occurrence, fate and transport in the environment, and
ecological effects) for pollutants in U.S. sewage sludge. The Agency used articles published in
English in peer-reviewed journals, databases such as ECOTOX, Aquatic Sciences and Fisheries
Abstracts, Biological Sciences Database, and the Environmental Sciences and Pollution
Management Database, as well as secondary sources of data for eco-toxicity benchmarks (e.g.,
the recent Ecological Soil Screening Level documentation for certain metals). The Agency

assessed whether data were sufficient to conduct an ecological exposure and hazard assessment.

Human Health Assessment

To conduct human health risk evaluations, EPA did a literature search from 2005 through
October 2007. EPA searched databases and the published literature, such as PubMed, TOXLINE,
and the Environmental Sciences and Pollution Management Database for information such as
occurrence, fate and transport in the environment, and human health for pollutants in U.S.

sewage sludge.

The Agency followed the same methodology as for the 2003 and 2005 Biennial Reviews
to determine whether the identified data were sufficient for proceeding with an exposure and
hazard screening assessment. This methodology involved identifying the pollutants for which
EPA peer-reviewed final human health benchmarks (HHBSs) had been developed by the
Agency’s Office of Pesticide Programs Programs (OPP) Reregistration Eligibility Decisions



(REDs), or EPA’s Office of Research and Development for Integrated Risk Information System
(IRIS) health assessments. For the biennial reviews, EPA does not include pollutants for which
the scientific basis of HHBSs is being reassessed at the time of review. For future biennial
reviews, the Agency is re-evaluating its process of only relying solely on IRIS or OPP HHBs.
The goal is to be able to expand its sources of human health toxicity data and potentially evaluate

more pollutants.

Results of the 2007 Biennial Review

During the Agency’s search of known databases and the open literature during the 2007
Biennial Review, the Agency collected and reviewed publicly available information for
pollutants listed in Tables 2 and 3. The Agency evaluated the availability and acceptability of
data addressing toxicity to human and ecological receptors, pollutant concentrations in sewage
sludge based on acceptable analytical methods, physical and chemical properties, and fate and

transport in the environment in order to be able to conduct an exposure and hazard assessment.

For its 2007 Biennial Review, EPA identified articles published since the 2005 Biennial
Review as potential sources of information on pollutants in biosolids. The Agency evaluated the
articles as potentially relevant sources containing new information that was not previously
available or evaluated for pollutants in a prior biennial review, as well as previously collected
information. Two criteria were established for selecting a pollutant for an exposure and hazard
evaluation if relevant data were available: 1) the pollutant has either an OPP or IRIS HHB and
that the HHB study was not undergoing reevaluation, and (2) the pollutant has nationally
representative or otherwise acceptable measured concentrations in U.S. sewage sludge based on
acceptable analytical methodology that can be used to detect and quantify such concentrations.

The Agency divided the list of pollutants identified into two major groups:

1.  Pollutants that have not previously been evaluated but may have readily available
OPP or IRIS human health benchmarks (e.g., toxicity defined in terms of reference
dose, reference concentrations, or cancer slope factor). Table 2 lists seven
chemicals identified in the 2007 Biennial Review that have health benchmarks (not

necessarily limited to IRIS or OPP.



Table 2. List of Pollutants Evaluated During 2007 Biennial Review
with Human Health Benchmarks

Constituent Name CASRN IRIS or OPP? Class
Aluminum 7429-90-5 metal
Bisphenol A 80-05-7 IRIS plasticizer
Cobalt 7440-48-4 metal
Cresol, p- (4-methylphenol) 106-44-5 IRIS preservative
Phenanthrene 85-01-8 PAH
Phosphorus 7723-14-0 IRIS nutrient
Triclosan 3380-34-5 OPP disinfectant

1/ EPA’s Integrated Risk Information System (IRIS) or EPA’s Office of Pesticide Programs (OPP). If
neither IRIS nor OPP, the entry is blank

In spite of the fact that HHBs and other data exist for the seven pollutants listed in
Table 2, the available data were not sufficient at this time to allow the Agency to
conduct exposure and hazard assessments. Critical information gaps may include

source concentration, fate and transport in the environment, and ecological data.

Pollutants for which OPP or IRIS human health benchmarks were not available.
Table 3 lists pollutants (n=40) in sewage sludge for which the search did not
identify IRIS or OPP human health benchmarks. EPA’s current process is that in
the absence of an IRIS or OPP human health benchmark, EPA will not conduct
human health risk evaluations, even if other data on exposure (e.g., fate and
transport in the environment) are available, because toxicity data for human

receptors are critical pieces of data.



Table 3. List of Pollutants for which OPP or IRIS Human Health
Benchmark Data Are Lacking

Constituent Name CASRN Class
3-beta-coprostanol 360-68-9 fecal steroid
Acetyl-1,1,3,4,4,6-

hexamethyltetrahydronaphthalene, 7- (AHTN) 21145-77-7 fragrance
Amphetamine 300-62-9 pharmaceutical
Azithromycin 83905-01-5 antibiotic
Beta-Sitosterol 19044-06-5 steroid
Calcium 7440-70-2 essential metal
Carbamazepine 298-46-4 pharmaceutical
Cholesterol 57-88-5 steroid
Clarithromycin 81103-11-9 antibiotic
Diphenhydramine 58-73-1 pharmaceutical
d-Limonene 5989-27-5 fragrance
Erythromycin 114-07-8 antibiotic
Fluoxetine 54910-89-3 pharmaceutical
Galaxolide (HHCB) 1222-05-5 fragrance
Indole 120-72-9 fragrance
Magnesium 7439-95-4 essential metal
Methamphetamine 537-46-2 pharmaceutical
Nitrogen 7727-37-9 nutrient
Nonylphenol monoethoxylate 27986-36-3 detergent metabolite
Nonylphenol, 4- (para-) 84852-15-3 detergent metabolite
Nonylphenol, dithoxy-total Not identified detergent metabolite
Octylphenol, 4-tert- 140-66-9 detergent metabolite
Organic-nitrogen, NH4-N, NO3-N, 14798-03-9 nutrient
Potassium 7440-09-7 essential metal
Roxithromycin 80214-83-1 antibiotic
Skatole 83-34-1 fecal indicator odor
Stigmastanol 19466-47-8 steroid
Tonalide (AHTN) 21145-77-7 fragrance
Triclocarban 101-20-2 disinfectant
Tylosin 1401-69-0 antibiotic
Clostridium perfringens Not applicable microbial agent
Coliphage Not applicable microbial indicator
Cryptosporidium parvum Not applicable microbial agent
E. Coli spp. Not applicable microbial agent
Endotoxin Not applicable microbial toxin
Fecal coliform Not applicable microbial indicator
Heterotrophic plate count Not applicable heterotrophic microorganisms
Salmonella spp. Not applicable microbial agent
Sulfite-reducing Clostridia Not applicable microbial agent
total bacteria Not applicable microbial agent
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Consistent with the Agency’s current process, the available data were not sufficient at
this time to allow the Agency to conduct exposure and hazard assessments. There are significant
data gaps for identified pollutants regarding environmental properties, human health and eco-
toxicity benchmarks, and acceptable concentration data in sewage sludge. Thus, EPA has not at
this time identified additional toxic pollutants during its 2007 Biennial Review for potential

regulation.

The Agency will continue to assess the availability of sufficient information for these and
other pollutants during subsequent biennial reviews pursuant to Section 405(d)(2)(C) of the
CWA. In addition, the Agency is evaluating its process for how future biennial reviews will be
conducted. For example, for future biennial reviews, the Agency is re-evaluating its process of

only relying solely on IRIS or OPP HHBs.
Additional Information

For more information about EPA’s Biosolids program, contact Rick Stevens in the Health
and Ecological Criteria Division, 1200 Pennsylvania Avenue, N.W., Washington, DC 20460
(telephone: 202-566-1135 or e-mail: stevens.rick@epa.gov).
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Introduction

This technical memorandum constitutes a deliverable under EPA Contract 68-C-04-006,
Task 2, Work Assignment 3-04. The purpose of this task is to identify additional chemical and
microbial pollutants in U.S. sewage sludge and provide EPA with information on the suitability
for modeling and potential rulemaking for these pollutants.

Data Search

The search for new data was primarily based on the strategy developed under previous
work assignments (e.g., Contract 68-C-04-006, Work Assignments #B-20 and 1-20); results from
bibliographic databases were limited to articles published in English in refereed journals. The
bibliographic databases included PubMed, Toxline, Aquatic Sciences and Fisheries Abstracts,
Biological Sciences Database, and the Environmental Sciences and Pollution Management
Database. Publications from March 2005 to October 2007 were sought. The data search key
words included:

Topic/Keyword: Sewage sludge, biosolids, pollutants, toxicants, pathogens,
microbial, Salmonella, treated sewage, sludge treatment, sewage
treatment, land application, farm, agriculture, soil.

Based on previous literature searches (e.g., Biennial Review 2005), EPA did not uncover
many new articles or publications with significant new data. Using this search strategy, we
identified 97 articles as potential sources of information on chemical and microbial pollutants in
biosolids. As this was fewer articles than anticipated, we expanded our search and identified 50
additional potentially useful studies. We also incorporated results from the pharmaceuticals and
personal care products (PPCPs) literature search (from Work Assignments #2-43 and 3-43) into
the biennial review effort (in summary so as to not duplicate work between these ongoing tasks);
however only 1 study was identified to contain data on concentrations in biosolids within the
time period sought.

From these articles, we identified the 36 articles shown in Attachment 1 as potential
sources of information on chemical and microbial pollutants in biosolids (abstracts are included
where available). Many studies were off-topic or addressed pollutants that have been previously
modeled; these studies were omitted from consideration and are not included in Attachment 1.
Topics of excluded studies included concentration data in other media (e.g., wastewater effluent,
surface waters, and soil), non-U.S. data, not municipal waste (e.g., industrial, agricultural), the
lack of analytical measurement techniques in biosolids, and the lack of information concerning
toxicity in aquatic and invertebrate organisms. The Agency divided the list of pollutants
identified in these articles into two major groups:

1. Pollutants that have not previously been modeled but have readily available health
benchmarks.

2. Pollutants that have been identified in recent studies on biosolids for which health
benchmarks were not identified in a major reference.
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Identification of Additional Pollutants in U.S. Sewage Sludge

Pollutants with Health Benchmarks

Table 1 lists the chemicals (n=7) with health benchmarks (not limited to IRIS or OPP)
that fit the following criteria: (1) identified in a previous National Sewage Sludge Survey, (2) not
currently on EPA’s list of potential candidates for addition to the Part 503 standards, and (3) not
previously regulated or evaluated for sewage sludge. The chemicals are also identified by analyte
groups defined by similarity in structure as well as typical uses when appropriate.

Table 1. List of Pollutants with Health Benchmarks

Constituent Name CASRN IRIS/OPP? Class
Aluminum 7429-90-5 metal
Bisphenol A 80-05-7 IRIS other
Cobalt 7440-48-4 metal
Cresol, p- (4-methylphenol) 106-44-5 other
Phenanthrene 85-01-8 PAH
Phosphorus 7723-14-0 IRIS metal
Triclosan 3380-34-5 pharmaceutical

Pollutants without Health Benchmarks

Table 2 lists additional pollutants of concern (e.g., pharmaceuticals) in sewage sludge
that do not have human health benchmarks available, according to our search.
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Table 2. List of Pollutants without Health Benchmarks

Constituent Name CASRN Class
3-beta-coprostanol sterol
Acetyl-1,1,3,4,4,6-

hexamethyltetrahydronaphthalene, 7-

(AHTN) 21145-77-7 odor
Amphetamine 300-62-9 | pharmaceutical
Azithroymcin 83905-01-5 | pharmaceutical
Beta-Sitosterol pharmaceutical
Calcium 7440-70-2 metal
Carbamazepine 298-46-4 | pharmaceutical
Cholesterol 57-88-5 | pharmaceutical
Clarithromycin 81103-11-9 | pharmaceutical
Diphenhydramine 58-73-1 | pharmaceutical
d-Limonene 5989-27-5 solvent
Erythromycin 114-07-8 | pharmaceutical
Fluoxetine 54910-89-3 | pharmaceutical
Galaxolide (HHCB) 1222-05-5 musk
Indole 120-72-9 scent
Magnesium 7439-95-4 metal
Methamphetamine 537-46-2 | pharmaceutical
Nitrogen 7727-37-9 nutrient
Nonylphenol monoethoxylate 27986-36-3 | NP/AE/APE
Nonylphenol, 4- (para-) 104-40-5 | NP/AE/APE
Nonyphenol, dithoxy-total NP/AE/APE
Octylphenol, 4-tert- 140-66-9 | NP/AE/APE
Organic-nitrogen, NH4-N, NO3-N, 14798-03-9 nutrient
Potassium 7440-09-7 metal
Roxithromycin 80214-83-1 | pharmaceutical
Skatole 83-34-1 odor
Stigmastanol 19466-47-8 | pharmaceutical
Tonalide (AHTN) 21145-77-7 odor
Triclocarban 101-20-2 | pharmaceutical
Tylosin 1401-69-0 | pharmaceutical
Clostridium perfringens microbial
Coliphage microbial
Cryptosporidium parvum microbial

E. coli microbial
Endotoxin microbial
Fecal coliform microbial
HPC bacteria microbial
Salmonella microbial
Sulfite-reducing Clostridia microbial
total bacteria microbial
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Attachment 1
Potential Sources of Information on Pollutants in Biosolids

Atalay, A; Bronick, C; Pao, S; et al. (2007) Nutrient and microbial dynamics in biosolids

amended soils following rainfall simulation. Soil Sed Contam 16(2):209-219.
Abstract: Municipal waste treatment plants are mandated by U.S.EPA to treat domestic
wastewater prior to releasing it to receiving streams. The dewatering and high
temperature drying processes at the plant are considered effective in reducing microbial
contaminants in the waste. The resulting solid material (biosolid) is rich in nutrients that
may serve as a value-added product for plant growth. In this study, we examined the
nutrient value of biosolids, their potential biological and chemical risks that could result
from surface application to two Mid-Atlantic soils: Bojac (coarse-loamy, mixed, thermic
Typic Hapludult) and Cullen (clayey, mixed, thermic Typic Hapludult). Soils were placed
on tilt beds and packed to their respective bulk density. Biosolids were added at a rate of
2.24 Mg/ha equivalent and mixed with the top 5 cm of the soil bed. Simulated rain was
applied at a rate of 65 mm h super(-1) for 45 minutes. Surface runoff and percolation
water were collected and analyzedfor elemental content, Escherichia coli (E. coli) and
total coliform bacteria. Among the nutrient elements of concern (P, Zn, Mn, and Cu) in
biosolids, none were found to be higher than the specified EPA limits. The concentration
of P was highest in runoff and percolation water from beds packed with Bojac and
biosolids. The combined effects of high clay (35%), Al (1.14%), and Fe (5.11%) in
Cullen increased its P-adsorbing capacity. Low levels of E. coli and other coliform
bacteria were present in samples from biosolids-treated beds packed with Cullen.
Microbial counts in runoff and percolation samples varied with soil type; in some
instances they were ten-fold higher in Bojac than in Cullen. The results obtained in this
study suggest that surface runoff from land applications of biosolids might contribute to
microbial contamination of receiving waters near agricultural fields.

Brooks, JP; Tanner, BD; Josephson, KL; et al. (2005) A national study on the residential impact

of biological aerosols from the land application of biosolids. J Appl Microbiol 99(2):310-322.
Abstract: The purpose of this study was to evaluate the community risk of infection from
bioaerosols to residents living near biosolids land application sites. METHODS AND
RESULTS: Approximately 350 aerosol samples from 10 sites located throughout the
USA were collected via the use of six SKC Biosamplers. Downwind aerosol samples
from biosolids loading, unloading, land application and background operations were
collected from all sites. All samples were analysed for the presence of HPC bacteria, total
coliform bacteria, Escherichia coli, Clostridium perfringens, coliphage, enteroviruses,
hepatitis A virus and norovirus. Total coliforms, E. coli, C. perfringens and coliphage
were not detected with great frequency from any sites, however, biosolids loading
operations resulted in the largest concentrations of these aerosolized microbial indicators.
Microbial risk analyses were conducted on loading and land application operations and
their subsequent residential exposures determined. CONCLUSIONS: The greatest annual
risks of infection occurred during loading operations, and resulted in a 4 x 10(-4) chance
of infection from inhalation of coxsackievirus A21. Land application of biosolids resulted
in risks that were <2 x 10(-4) from inhalation of coxsackievirus A21. Overall bioaerosol
exposure from biosolids operations poses little community risk based on this study.
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SIGNIFICANCE AND IMPACT OF THE STUDY: This study evaluated the overall
incidence of aerosolized micro-organisms from the land application of biosolids and
subsequently determined that microbial risks of infection were low for residents close to
biosolids application sites.

Brooks, JP; Tanner, BD; Gerba, CP; et al. (2006) The measurement of aerosolized endotoxin
from land application of Class B biosolids in Southeast Arizona. Can J Microbiol 52(2):150-

156.

Abstract: The purpose of this study was to determine aerosolized endotoxin
concentrations downwind of a biosolids land application site. Aerosol samples were
collected from biosolids land application sites, tractor operation, and an aeration basin
located within an open-air wastewater treatment plant. Aerosolized endotoxin above
background concentrations was detected from all sites, at levels ranging from below
detection up to 1800 EU m-3 of air. Biosolids loading operations resulted in the greatest
concentrations of endotoxin (mean 344 EU m-3). As downwind (perpendicular to wind
vector) distance increased from sources (2-200 m), levels of endotoxin decreased to near
background (without biosolids application) concentrations. Overall, the detected levels of
aerosolized endotoxin were within past proposed aerosolized endotoxin limits (250-2000
EU m-3) by other occupational exposure studies. Occasionally, peak concentrations were
found to be above these limits. Sites in which soil was being aerosolized resulted in
greater concentrations of endotoxin with or without biosolids, which suggested that the
majority of endotoxin may in fact be of soil origin. This study evaluated the presence of
aerosolized endotoxin from the land application of biosolids and showed that these levels
were within ranges for concern suggested by other studies and that this area of research
needs further investigation.

Brooks, J; Gerba, C; Pepper, 1. (2007) Diversity of aerosolized bacteria during land application
of biosolids. J Appl Microbiol 103(5):1779-1790.

Abstract: The purpose of this study was to determine the diversity of bacterial
communities associated with bioaerosols generated during land application of biosolids
using 16S ribosomal RNA (16S rRNA) PCR. Methods and Results: Anaerobically
digested Class B biosolids were land applied to an agricultural site located in South
Central Arizona. Aerosol samples were collected downwind of the biosolids operations
and were collected via the use of SKC Biosamplers and subsequently extracted for the
presence of bacterial community DNA. All DNA was amplified using 16S rRNA
primers, cloned and sequenced. All sequences were aligned and phylogenetic trees were
developed to generate community profiles. The majority of aerosolized bacterial clone
sequences belonged to the Actinobacteria and alpha- and beta-proteobacterial taxa.
Aerosol samples collected downwind of soil aerosolization produced similar profiles.
These profiles differed from upwind and background samples. Conclusions: No one clone
sequence isolated from the aerosol samples could be solely attributed to biosolids; on the
contrary, the majority appeared to have arisen from soil. Significance and Impact of the
Study: This study demonstrates that in dry, arid climates the majority of aerosols
associated with biosolids land application appear to be associated with the onsite soil.

Attachment A - 7



Buyuksonmez, F; Sekeroglu, S. (2005) Presence of pharmaceuticals and personal care products

(PPCPs) in biosolids and their degradation during composting. Journal of Residuals Science &

Technology 2(1):31-40.
Abstract: The presence of pharmaceuticals and personal care product (PPCPSs) in
biosolids generated during municipal wastewater treatment (WWTP) was monitored
weekly for 19 weeks. Biosolids samples obtained from a local WWTP were subjected to
extraction with Soxhlet(R) apparatus for 24 hours. The extracts were concentrated and
analyzed with a gas chromatograph-mass spectrometer. There were 18 compounds
representing a wide range of origins identified in biosolids including phthalate esters,
ibuprofen and galaxolide. Phthalate esters were the most frequently detected compounds;
and 4-nonyl phenol was the most concentrated chemical at 210 mg/kg-dry weight basis.
The efficacy of the composting process to degrade the 10 of the PPCP compounds was
also investigated with and without spiking biosolids. Biosolids were amended with straw,
and composted for up to 45 days using a laboratory-scale composting system. The lowest
degradation rate was observed for 50.11% for octyl-4-methoxy cinnamate (OM) and the
highest was 99.73% for butylated hydroxyl toluene (BHT). For all tested compounds
except for unspiked OM, degradation efficiencies surpassed 85% at the end of the 45
days of composting study. The results of this study confirm the presence of various
organic contaminants originated from personal care products in biosolids, and suggest
that composting could be an effective treatment alternative for biosolids.

Campo, NCD; Pepper, IL; Gerba, CP. (2007) Assessment of Salmonella typhimurium growth in

Class A biosolids and soil/biosolid mixtures. Journal of Residuals Science & Technology

4(2):83-88.
Abstract: The potential of Salmonella typhimurium regrowth in Class A biosolid pellets
and compost after land application was assessed. Mixtures of soil, soil plus biosolids, and
biosolids were inoculated with two different concentrations and monitored during a
period of 20 days. No Salmonella growth occurred in any of the soil/biosolid mixtures
regardless of inoculum size or moisture content. No growth occurred in any of the
biosolids with a moisture content of 20% except the pellets from Texas when inoculated
with 10,000 colony forming units/g. Growth of Salmonella did occur in all of the Class A
products under saturated conditions. Under all moisture conditions indigenous microflora
increased in numbers in the biosolids, soil and biosolid/soil mixtures. In conclusion, these
results suggest that while regrowth of Salmonella in biosolids may occur under saturated
conditions it does not occur after Class A biosolids land application at typical agronomic
rates.

Chetochine, AS; Brusseau, ML; Gerba, CP; et al. (2006) Leaching of phage from Class B

biosolids and potential transport through soil. Appl Environ Microbiol 72(1):665-671.
Abstract: The objective of this study was to investigate leaching and transport of viruses,
specifically those of an indigenous coliphage host specific to Escherichia coli ATTC
155