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Foreword 

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the 
Nation’s land, air, and water resources. Under a mandate of national environmental laws, the Agency 
strives to formulate and implement actions leading to a compatible balance between human activities and 
the ability of natural systems to support and nurture life. To meet this mandate, EPA’s research program 
is providing data and technical support for solving environmental problems today and building a science 
knowledge base necessary to manage our ecological resources wisely, understand how pollutants affect 
our health, and prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory (NRMRL) is the Agency’s center for 
investigation of technological and management approaches for preventing and reducing risks from 
pollution that threaten human health and the environment. The focus of the Laboratory’s research 
program is on methods and their cost-effectiveness for prevention and control of pollution to air, land, 
water, and subsurface resources; protection of water quality in public water systems; remediation of 
contaminated sites, sediments and ground water; prevention and control of indoor air pollution; and 
restoration of ecosystems. NRMRL collaborates with both public and private sector partners to foster 
technologies that reduce the cost of compliance and to anticipate emerging problems. NRMRL’s 
research provides solutions to environmental problems by: developing and promoting technologies that 
protect and improve the environment; advancing scientific and engineering information to support 
regulatory and policy decisions; and providing the technical support and information transfer to ensure 
implementation of environmental regulations and strategies at the national, state, and community levels. 

This publication has been produced as part of the Laboratory’s strategic long-term research plan. 
It is published and made available by EPA’s Office of Research and Development to assist the user 
community and to link researchers with their clients. 

Hugh W. McKinnon, Director 
National Risk Management Research Laboratory 
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Chapter 1

Introduction


1.1 What is Sewage Sludge?
Sewage sludge - the residue generated during treatment 

of domestic sewage (Figure 1-1)  is often used as an or­
ganic soil conditioner and partial fertilizer in the United States 
and many other countries. It is applied to agricultural land 
(pastures and cropland), disturbed areas (mined lands, con­
struction sites, etc.), plant nurseries, forests, recreational 
areas (parks, golf courses, etc.), cemeteries, highway and 
airport runway medians, and home lawns and gardens (see 
photographs, pages 2 and 3). Certain treatment works (POTWs) 
own or have access to land dedicated solely to disposal of 
sewage sludge, a practice referred to as surface disposal. 
The U.S. Environmental Protection Agency (EPA), the pri­
mary federal agency responsible for sewage sludge man­
agement, encourages the beneficial use of sewage sludge 
through land application (Figure 1-2), after it has been ap­
propriately treated for its intended use. In 1995 it was found 
that 54% of sewage sludge generated in the United States 
was land applied (Bastian, 1997). 

Sewage sludge has beneficial plant nutrients and soil 
conditioning properties; however, it may also contain patho­
genic bacteria, viruses, protozoa, parasites, and other m i -

Treatment 

Pretreatment 

Industrial 

Generation 

W astewater 

W astewater 

croorganisms that can cause disease. Land application and 
surface disposal of untreated sewage sludge create a po­
tential for human exposure to these organisms through 
direct and indirect contact. To protect public health from 
these organisms and from the pollutants that some sew­
age sludge contains, many countries now regulate the use 
and disposal of sewage sludge. 

“Sewage Sludge” vs. “Biosolids” 
Throughout the wastewater and sewage sludge indus­

try, the term “sewage sludge” has largely been replaced 
by the term “biosolids.” “Biosolids” specifically refers to 
sewage sludge that has undergone treatment and meets 
federal and state standards for beneficial use. The distinc­
tion between untreated sewage sludge and biosolids that 
have undergone processing and analysis will be made 
throughout this document. 

What is Beneficial Use? 
For the purposes of this document, land application is 

considered to be beneficial use. The document specifically 
deals with land application and the issues related to the 
pathogen and vector attraction reduction requirements for 

Sewage Sludge 
Treatment 

• Digestion
• Drying
• Composting 
• Lime Stabilization
• Heat Treatment
• Etc.

Land Application 

• Agricultural Land 
• Strip-mined Land 
• Forests 
• Plant Nurseries 
• Cemeteries 
• Parks, Gardens 
• Lawns and Home 

Gardens 

Disposal 

Figure 1-1.  Generation, treatment, use, and disposal of sewage sludge. 
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Flower beds amended with sludge compost at the Betty Ford
Highway median strip in lllinois after land application of dried sludges. Alpine Gardens, Vail, CO.
(Photo courtesy of Metropolitan Water Reclamation District of Greater Chicago) 

Injection of liquid sludge into sod. 

Oat field showing sludge-treated (right) and untreated (left) areas. 
(Photo courtesy of City of Tulsa, Oklahoma) 
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Reclaimed mine spoil land. Kennecott Copper near Salt Lake 
City, Utah. Corn grown on sludge-treated soil (right) and untreated soil (left). 

Mine spoil land sludge treatment. Note lush vegetative cover on 
reclaimed soil which will support grazing. (Photo courtesy of City of Cross-sectlon of popular trees showing how sludge application 
Tulsa, Oklahoma) increases tree growth. Both cross sections are 8 years old; the 

larger is aprox. 8 inches in diameter. 
(Photo courtesy of Mike VanHam, British Columbia, Canada) 
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The U.S. Environmental Protection Agency (EPA) 
will actively promote those municipal sludge man­
agement practices that provide for the beneficial use 
of sewage sludge while maintaining or improving en­
vironmental quality and protecting human health. To
implement this policy, EPA will continue to issue regu­
lations that protect public health and other environ­
mental values. The Agency will require states to es­
tablish and maintain programs to ensure that local 
governments utilize sewage sludge management 
techniques that are consistent with federal and state 
regulations and guidelines. Local communities will 
remain responsible for choosing among alternative 
programs; for planning, constructing, and operating 
facilities to meet their needs; and for ensuring the 
continuing availability of adequate and acceptable 
disposal or use capacity. 

Figure 1-2.	 EPA policy on sewage sludge management. 
Source: EPA, 1984. 

land applied biosolids. For more information on the patho­
gen and vector attraction reduction requirements for the 
surface disposal of biosolids, please refer to Section 503.25 
of the regulation. 

1.2 U.S. Regulation of Treated Sewage
Sludge (Biosolids) 

In the United States, the use and disposal of treated 
sewage sludge (biosolids), including domestic septage, are 
regulated under 40 CFR Part 5031 .This regulation, pro­
mulgated on February 19, 1993, was issued under the 
authority of the Clean Water Act (CWA) as amended in 
1977 and the 1976 Resource Conservation and Recovery 
Act (RCRA). For most sewage sludge2,  the new regulation 
replaces 40 CFR 257, the original regulation governing 
the use and disposal of sewage sludge, which has been in 
effect since 1979. 

The EPA policy shown below was developed in response 
to specific language in the CWA and RCRA federal policy 
statements in order to facilitate and encourage the benefi­
cial reuse of sewage sludge (U.S. EPA, 1984). 

Protection of Public Health and the 
Environment 

Subpart D of the Part 503 regulation protects public 
health and the environment through requirements designed 
to reduce the potential for contact with the disease-bear-
ing microorganisms (pathogens) in sewage sludge applied 
to the land or placed on a surface disposal site. These 
requirements are divided into: 

1 Because domestic septage is a form of sewage sludge, any use of the term “sew­
age sludge” in this document includes domestic septage.

2 Sewage sludge generated at an industrial facility during the treatment of domestic 
sewage commingled with industrial wastewater in an industrial wastewater treat­
ment facility is still covered under 40 CFR Part 257 if the sewage sludge is applied to 
the land. 

• Requirements designed to control and reduce patho-
gens in treated sewage sludge (biosolids) 

• Requirements designed to reduce the ability of the
treated sewage sludge (biosolids) to attract vectors 
(insects and other living organisms that can transport 
biosolids pathogens away from the land application or 
surface disposal site) 

Subpart D includes both performance and technology 
based requirements. It is designed to provide a more flex­
ible approach than the approach in the Part 257, which 
required sewage sludge to be treated by specific listed or 
approved treatment technologies. Under Part 503, treat­
ment works may continue to use the same processes they 
used under Part 257, but they now also have the freedom 
to modify conditions and combine processes with each 
other, as long as the applicable Part 503 requirements are 
met. 

Environmental Effects of Pathogens in 
Sewage Sludge 

Because of concern over the effect of pathogens from 
biosolids on animal health (certain human pathogens can 
cross species lines and infect animals, particularly warm 
blooded animals) the 503 regulations require that sewage 
sludge undergo pathogen treatment prior to land applica­
tion. For sewage sludge subject to Class B pathogen treat­
ment site restrictions are also required. While relatively 
little research has been conducted on specific inter-spe-
cies crossover to wildlife, more information is available for 
grazing animals which are more likely to have a greater 
exposure to biosolids than wildlife. Available information 
on the impact of biosolids pathogens on grazing animals 
suggests that the Part 503 Subpart D requirements for 
pathogen control (which include restrictions on grazing) 
protect grazing animals (EPA, 1992). References regard­
ing the impact of biosolids application on both wild and 
domestic animals are included at the end of this chapter. 

1.3 Implementation Guidance
This document is not regulatory in nature. A complete 

copy of Subpart D of the Part 503 Regulation appears in 
Appendix B. This document is only intended to serve as 
a guide to pathogen and vector attraction reduction for 
anyone who is involved with the treatment of sewage sludge 
for land application. This includes: 

• Owners and operators of domestic sewage treatment
works 

• Developers or marketers of sewage sludge treatment
processes 

• Groups that distribute and market biosolids products

• Individuals involved in applying biosolids to land

• Regional, state, and local government officials respon-
sible for implementing and enforcing the Part 503 Sub­
part D regulation 
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• Consultants to these groups

• Anyone interested in understanding the federal require-
ments concerning pathogens in sewage sludge 

This guide was previously released in 1993. The updates 
and amendments to this document are a product of com­
ments and suggestions from the regulatory and sewage 
sludge management community. This edition of the docu­
ment includes clarification of many of the sampling and 
monitoring issues and reflects the increased understand­
ing of analytical issues. There are additional operational 
guidelines and examples of how a variety of facilities have 
complied with the Part 503 requirements. Some of the 
notable additions to this edition include: 

• Clarification of Class A processes

•	 More specific guidelines for the operation of composting 
facilities 

• More information on site restrictions including permit
conditions which may apply to specific crops 

• Recommendation for the use of the Kenner and Clark
methodology for Salmonella sp. bacteria analysis 

• Guidelines for retesting biosolids products that have
been stored or remixed 

• More information on public health and pathogens

• More information on sampling and monitoring proto-
cols 

• Updates on the Pathogen Equivalency Committee and
approved processes 

Other publications related to pathogen or vector attrac­
tion issues include the “Technical Support Document for 
Reduction of Pathogens and Vector Attraction in Sewage 
Sludge” (U.S. EPA, 1992) and “Part 503 Implementation 
Guidance” (U.S. EPA, 1995). Although the federal regula­
tion under 40 CFR Part 503 includes restrictions for pollut­
ant concentrations and application rates, this document is 
intended to clarify pathogen and vector related require­
ments and does not discuss pollutant limits. 

This document does not discuss the general require­
ments and management practices which must be followed 
for land application of all biosolids except in the case of 
“exceptional quality” biosolids which have met certain pol­
lutant limits and pathogen and vector attraction reduction 
requirements. In addition to meeting the regulation set forth 
in this document, bulk biosolids application must be con­
ducted in accordance with agronomic rates, and biosolids 
appliers must ensure that applied biosolids are not applied 
within 10 meters of any water body, do not enter surface 
waters or wetlands without the approval of the appropriate 
permitting authority, and do not adversely affect endan­
gered or threatened species or their habitats. 

It should be noted that the Part 503 regulation and the 
sampling and monitoring requirements outlined in the regu­

lation were developed as minimum requirements. EPA 
supports the beneficial use of treated sewage sludge 
(biosolids) and encourages facility operators and genera­
tors of biosolids products to develop sampling and moni­
toring plans that go beyond the minimum regulatory re­
quirements as needed to ensure consistent product qual­
ity. 

For most states, the authority for implementing the Part 
503 regulation currently remains with the Regional EPA 
offices. A guide to EPA offices and relevant contacts can 
be found in Appendix A. 

1.4 Definitions
The sections of this document that discuss specific regu­

latory requirements utilize the same terminology used 
throughout the Part 503 regulation in order to maintain 
consistency between the regulation and this guidance 
document. However, in some parts of this document, par­
ticularly in sections which discuss operational parameters 
and other issues related to biosolids management, terms 
which are not formally defined by the regulations are used. 
The following glossary has been provided in order to pre­
vent confusion about the intent and jurisdiction of the Part 
503 regulation. 

Applier  The applier is the individual or party who land 
applies treated sewage sludge (biosolids). This may in­
clude farmers, municipalities, and private enterprises that 
land apply or their contractors. 

Biosolids - Sewage sludge that has been treated and 
meets state and federal standards for land application. 

Control - Some of the regulatory requirements make a 
distinction based on whether the biosolids preparer (see 
below) has “control” over the material. A preparer loses 
control over material when it is sold or given away. Until 
that point, the material is still within the control of the 
preparer even if the treatment process has ended and the 
material is in storage on or off-site. 

Detectable Limits - Minimum concentration at which 
an analyte can be measured. The detectable limit for any 
given analyte varies depending on the lab methodology 
used and the volume of material analyzed. As such, de­
tectable limits may fluctuate. Throughout this document, 
the term “detectable limit” refers to the limits as they are 
defined in the allowable lab methodologies outlined in the 
Appendices. 

Exceptional Quality (EQ) Biosolids - The term “EQ”  is 
not used in the Part 503 regulation, but it has become a 
useful description for regulators and biosolids preparers 
when referring to biosolids that meet the pollutant concen­
tration limits of Table 3 of Section 503.13, Class A patho­
gen reduction, and one of the first eight treatment pro­
cesses for meeting vector attraction reduction standards. 
Biosolids that fall into this category are not subject to the 
Part 503 general requirements and management practices 
for land application. 
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Preparer - The person(s) who generate biosolids from 
the treatment of domestic sewage in a treatment works or 
change the quality of the sewage sludge received from 
the generator. This includes facilities that derive a material 
from sewage sludge prior to land application of the mate­
rial which could include wastewater treatment facilities, 
composting or other sewage sludge processing operations, 
and soil blenders who handle non-EQ biosolids materials. 
A soil blender who takes EQ biosolids and mixes them 
with other (non-sewage sludge) materials for land applica­
tion is not a preparer. However, a soil blender that takes 
non-EQ biosolids and mixes it with other materials for land 
application is a preparer. 

Product - This may include materials such as 
composted, heat-dried, lime stabilized, alkaline stabilized, 
or otherwise processed biosolids which have met the re­
quirements of the Part 503. The term “product” is some­
times used in this document in discussions regarding ma­
terial distribution. The term “sludge derived material” is used 
in the Part 503 to refer to these materials. 

Sewage Sludge - The solid, semi-solid, or liquid resi­
due generated during the treatment of municipal sewage 
in a treatment works. The term “biosolids” refers to sew­
age sludge which has undergone treatment and meets 
state and federal requirements for land application. The 
distinction between untreated sewage sludge and treated 
biosolids is made throughout this document. 

1.5 Pathogen Equivalency Committee
The Pathogen Equivalency Committee (PEC) is made 

up of U.S. EPA experts who review pathogen and vector 
attraction reduction issues and make recommendations 
to the appropriate permitting authority. The primary role of 
the PEC is to review proposals for Processes to Signifi­
cantly Reduce Pathogens (PSRP) and Processes to Fur­
ther Reduce Pathogens (PFRP) equivalency determina­
tions and to offer guidance on the issues associated with 
pathogen and vector attraction reduction. 

More information on the PEC and the process of apply­
ing for equivalency is presented in Chapter 11. 

1.6 What is in this Document?
Chapter 2 of this document provides basic information 

about pathogens and describes why pathogen control is 
required to protect public health and the environment, and 
Chapters 3 through 5 discuss the current federal require­
ments under Subpart D of Part 503. Chapters 6 and 7 re­
view the different PFRP and PSRP processes, and Chap­
ter 8 discusses vector attraction reduction issues. Chap­
ters 9 and 10 summarize sampling and analysis protocols 
used to meet the quantitative requirements of Part 503. 
Chapter 11 outlines the process for applying for equiva­
lency and discusses the kind of support EPA’s Pathogen 
Equivalency Committee can provide to permitting authori­
ties. Chapter 12 lists general references and additional 
resources related to biosolids use; specific references re­
lated to particular topics are also included at the end of 
each chapter. 

The Appendices provide additional information on: 

• Determination of volatile solids and residence time for
digestion 

• Sample preparation and analytical methods for meet-
ing the Part 503 pathogen reduction requirements 

• Tests for demonstrating vector attraction reduction

• Additional references on pathogen research and tech-
nical background to regulations 

Appendix A lists EPA and state sewage sludge coordi­
nators, and Appendix B contains Subpart D of the Part 
503 regulation. 
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Chapter 2

Sewage Sludge Pathogens


2.1 What are Pathogens?
A pathogen is an organism or substance capable of caus­

ing disease. The Part 503 regulation only discusses patho­
genic organisms, and throughout this document, “patho­
gen” refers only to living organisms, except where speci­
fied. Pathogens infect humans through several different 
pathways including ingestion, inhalation, and dermal con­
tact. The infective dose, or the number of a pathogenic 
organism to which a human must be exposed to become 
infected, varies depending on the organism and on the 
health status of the exposed individual. 

Pathogens that propagate in the enteric or urinary sys­
tems of humans and are discharged in feces or urine pose 
the greatest risk to public health with regard to the use and 
disposal of sewage sludge. Pathogens are also found in 
the urinary and enteric systems of other animals and may 
propagate in non-enteric settings. However, because this 
document is concerned with the regulation of sewage 
sludge, this chapter focuses on the pathogens most com­
monly found in the human enteric system. 

2.2 Pathogens in Sewage Sludge
What pathogens can be found in sewage 
sludge? 

The four major types of human pathogenic (disease­
causing) organisms (bacteria, viruses, protozoa, and hel­
minths) all may be present in domestic sewage. The ac­
tual species and quantity of pathogens present in the do­
mestic sewage from a particular municipality (and the sew­
age sludge produced when treating the domestic sewage) 
depend on the health status of the local community and 
may vary substantially at different times. The level of patho­
gens present in treated sewage sludge (biosolids) also 
depends on the reductions achieved by the wastewater 
and sewage sludge treatment processes. 

The pathogens in domestic sewage are primarily asso­
ciated with insoluble solids. Primary wastewater treatment 
processes concentrate these solids into sewage sludge, 
so untreated or raw primary sewage sludges have higher 
quantities of pathogens than the incoming wastewater. 
Biological wastewater treatment processes such as la­
goons, trickling filters, and activated sludge treatment may 
substantially reduce the number of pathogens in the waste­

water (EPA, 1989). These processes may also reduce the 
number of pathogens in sewage sludge by creating ad­
verse conditions for pathogen survival. 

Nevertheless, the resulting biological sewage sludges 
may still contain sufficient levels of pathogens to pose a 
public health and environmental concern. Part 503 Regu­
lation thus requires sewage sludge to be treated by a Class 
A pathogen treatment process or a Class B process with 
site restrictions. These requirements prevent disease trans­
mission. Table 2-1 lists some principal pathogens of 
concern that may be present in wastewater and sewage 
sludge. These organisms and other pathogens can cause 
infection or disease if humans and animals are exposed to 
sufficient levels of the organisms or pathogens. The lev­
els, called infectious doses, vary for each pathogen and 
each host. 

As mentioned in Chapter 1,  one concern is the potential 
effect of some human pathogens on animals. Enteric vi­
ruses can cross species lines, and animal life, particularly 
warm blooded animals, can be affected if they are exposed 
to some of the pathogens found in sewage sludge. Do­
mestic animals are protected by site restrictions which limit 
grazing on sludge amended land. 

How could exposure to these pathogens 
occur? 

If improperly treated sewage sludge was illegally applied 
to land or placed on a surface disposal site, humans and 
animals could be exposed to pathogens directly by com­
ing into contact with the sewage sludge, or indirectly by 
consuming drinking water or food contaminated by sew­
age sludge pathogens. Insects, birds, rodents, and even 
farm workers could contribute to these exposure routes by 
transporting sewage sludge and sewage sludge pathogens 
away from the site. Potential routes of exposure include: 

Direct Contact 
z Touching the sewage sludge. 

z Walking through an area - such as a field, forest, or 
reclamation area - shortly after sewage sludge appli­
cation. 

z Handling soil from fields where sewage sludge has 
been applied. 
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Table 2-1.	 Principal Pathogens of Concern in Domestic Sewage and 
Sewage Sludge 

Organism	 Disease/Symptoms 

Salmonellosis (food poisoning), 
typhoid fever 
Bacillary dysentery 
Acute gastroenteritis (including 
diarrhea, abdominal pain) 
Cholera 
Gastroenteritis 
Gastroenteritis 

Infectious hepatitis 
Epidemic gastroenteritis with severe 
diarrhea 

Acute gastroenteritis with severe 
diarrhea 

Poliomyelitis

Meningitis, pneumonia, hepatitis,

fever, cold-like symptoms, etc.

Meningitis, paralysis, encephalitis,

fever, cold-like symptoms, diarrhea, etc.

Respiratory infections, gastroenteritis

Epidemic gastroenteritis

Epidemic gastroenteritis


Gastroenteritis

Acute enteritis

Giardiasis (including diarrhea, abdomi­

nal cramps, weight loss)

Diarrhea and dysentery

Toxoplasmosis


Digestive and nutritional disturbances,

abdominal pain, vomiting, restlessness

May produce symptoms such as

coughing, chest pain, and fever

Abdominal pain, diarrhea, anemia,

weight loss

Fever, abdominal discomfort, muscle

aches, neurological symptoms

Nervousness, insomnia, anorexia,

abdominal pain, digestive disturbances

Nervousness, insomnia, anorexia,

abdominal pain, digestive disturbances

Hookworm disease

Taeniasis


Source: Kowal (1985) and EPA (1989). 

• Inhaling microbes that become airborne (via aerosols,
dust, etc.) during sewage sludge spreading or by strong 
winds, plowing, or cultivating the soil after application. 

Indirect Contact 
• Consumption of pathogen-contaminated crops grown

on sewage sludge-amended soil or of other food prod­
ucts that have been contaminated by contact with these 
crops or field workers, etc. 

• Consumption of pathogen-contaminated milk or other
food products from animals contaminated by grazing 

Bacteria 
Salmonella sp. 

Shigella sp. 
Yersinia sp . 

Vibrio cholerae 
Campylobacter jejuni 
Escherichia coli 
(pathogenic strains) 

Enteric Viruses 
Hepatitis A virus 
Norwalk and 
Norwalk-like viruses 
Rotaviruses 

Enteroviruses 
Polioviruses 
Coxsackieviruses 

Echoviruses 

Reovirus 
Astroviruses 
Caliciviruses 

Protozoa 
Cryptosporidium 
Entamoeba histolytica 
Giardia lamblia 

Balantidium co/i 
Toxoplasma gondii 

Helminth Worms 
Ascaris lumbricoides 

Ascaris suum 

Trichuris trichiura 

Toxocara canis 

Taenia saginafa 

Taenia solium 

Necator americanus 
Hymenolepis nana 

in pastures or fed crops grown on sewage sludge-
amended fields. 

• Ingestion of drinking water or recreational waters con-
taminated by runoff from nearby land application sites 
or by organisms from sewage sludge migrating into 
ground-water aquifers. 

• Consumption of inadequately cooked or uncooked
pathogen-contaminated fish from water contaminated 
by runoff from a nearby sewage sludge application site. 

• Contact with sewage sludge or pathogens transported
away from the land application or surface disposal site 
by rodents, insects, or other vectors, including graz­
ing animals or pets. 

The purpose of the Part 503 regulation is to place barri­
ers in the pathway of exposure either by reducing the num­
ber of pathogens in the treated sewage sludge (biosolids) 
to below detectable limits, in the case.of Class A treat­
ment, or, in the case of Class B treatment, by preventing 
direct or indirect contact with any pathogens possibly 
present in the biosolids. 

Each potential pathway has been studied to determine 
how the potential for public health risk can be alleviated. 
The references listed at the end of this chapter include 
some of the technical writings which summarize the re­
search on which the Part 503 regulation is based. 

For example, the potential for public health impacts via 
inhalation of airborne pathogens was examined. Patho­
gens may become airborne via the spray of liquid biosolids 
from a splash plate or high-pressure hose, or in fine par­
ticulate dissemination as dewatered biosolids are applied 
or incorporated. While high-pressure spray applications 
may result in some aerosolization of pathogens, this type 
of equipment is generally used on large, remote sites such 
as forests, where the impact on the public is minimal. Fine 
particulates  created by the application of dewatered 
biosolids or the incorporation of biosolids into soil may 
cause very localized fine particulate/dusty conditions, but 
particles in dewatered biosolids are too large to travel far, 
and the fine particulates do not spread beyond the imme­
diate area. The activity of applying and incorporating 
biosolids may create dusty conditions. However, the 
biosolids are moist materials and do not add to the dusty 
conditions, and by the time biosolids have dried sufficiently 
to create fine particulates,  the pathogens have been re­
duced (Yeager and Ward, 1981) 

The study of each pathway and the potential for public 
health risk resulted in site restrictions that are protective of 
public health and the environment and that must be fol­
lowed when Class B biosolids are land applied. While the 
site restrictions provided in the Part 503 rule are sufficient 
to protect the public from health impacts, workers exposed 
to Class B biosolids might benefit from several additional 
precautions. For example, dust masks should be worn for 
the spreading of dry materials, and workers should wash 
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their hands carefully after working with sewage sludge or 
biosolids. Other recommended practices for workers han­
dling biosolids or sewage sludge include: 

• Wash hands before eating, drinking, smoking or using
the restroom. 

• Use gloves when touching biosolids or sewage sludge
or surfaces exposed to biosolids or sewage sludge. 

• Remove excess sewage sludge or biosolids from
shoes prior to entering an enclosed vehicle. 

• Keep wounds covered with clean, dry bandages.

• If contact with biosolids or sewage sludge occurs, wash
contact area thoroughly with soap and water. 

Table 2-2 shows the various pathways of exposure and 
how the process requirements and site restrictions of the 
Part 503 regulation protect public health for each path­
way. 

2.3 General Information on Pathogens
The EPA has attempted, through this and other docu­

ments, to provide the public with a broad understanding of 
the risk assessment and scientific basis of the Part 503 
regulation. The regulation is based on the results of exten­
sive research and experience with land application of 
treated sewage sludge (biosolids). However, as for all regu­
lations, proper interpretation and implementation of the 
regulation are the most important aspects of protecting 
public health and the environment. 

Biosolids preparers should have a basic knowledge of 
microbiology so that they can: 

• Understand the goals of the Part 503 regulation and
what is expected to meet the requirements 

• Address questions regarding pathogens and the pro-
tection of public health and the environment 

• Design appropriate testing/sampling programs to meet
the Part 503 requirements 

• Make informed decisions about laboratory and ana-
lytical methodology selection 

This section outlines some of the generic issues of patho­
gen testing and quantification. References related to these 
issues are listed at the end of this chapter as well as in 
Chapter 12. Other chapters discuss sampling and sample 
preservation as well as meeting the Part 503 requirements 
in more detail. 

Survivability of Pathogens 
Wastewater generally contains significantly high concen­

trations of pathogens which may enter the wastewater sys­
tem from industries, hospitals, and infected individuals. The 
wastewater treatment process tends to remove pathogens 
from the treated wastewater, thereby concentrating the 

Table 2-2. Pathways of Exposure and Applicable Site Restrictions 
(Class B Biosolids Only) 

Pathways	 Part 503 Required Site Restriction 

Handling soil from fields where No public access* to application 
sewage sludge has been applied sites until at least 1 year after 

Class B biosolids application. 

Handling soil or food from home Class B biosolids may not be 
gardens where sewage sludge applied on home gardens. 
has been applied 

Inhaling dust**	 No public access to application 
sites until at least 1 year after 
Class B biosolids application. 

Walking through fields where 
sewage sludge has been 
applied* 

No public access to fields until at 
least 1 year after Class B biosolids
application. 

Consumption of crops from fields Site restrictions which prevent the 
on which sewage sludge has harvesting of crops until environ-
been applied mental attenuation has taken 

place. 

Consumption of milk or animal No animal grazing for 30 days after 
products from animals grazed on Class B biosolids have been 
fields where sewage sludge has applied. 
been applied 

Ingestion of water contaminated Class B biosolids may not be 
by runoff from fields where applied within 10 meters of any 
sewage sludge has been applied waters in order to prevent runoff. 

from biosolids amended land from 
affecting surface water. 

Ingestion of inadequately cooked Class B biosolids may not be 
fish from water contaminated by applied within 10 meters of any 
runoff from fields where sewage waters in order to prevent runoff 
sludge has been applied from biosolids amended land from 

affecting surface water. 

Contact with vectors which have All land applied biosolids must 
been in contact with sewage meet one of the Vector Attraction 
sludge Reduction options (see Chapter 8). 

*Public access restrictions do not apply to farm workers. If there is low 
probability of public exposure to an application site, the public access 
restrictions apply for only 30 days. However, application sites which 
are likely to be accessed by the public, such as ballfields, are subject 
to 1 year public access restrictions. 

**Agricultural land is private property and not considered to have a 
high potential for public access. Nonetheless, public access restrictions 
still are applied. 

pathogens in the sewage sludge. Like any other living or­
ganisms, pathogens thrive only under certain conditions. 
Outside of these set conditions, survivability decreases. 
Each pathogen species has different tolerance to different 
conditions; pathogen reduction requirements are therefore 
based on the need to reduce all pathogenic populations. 
Some of the factors which influence the survival of patho­
gens include pH, temperature, competition from other mi­
croorganisms, sunlight, contact with host organisms, proper 
nutrients, and moisture level. 

The various Class A and Class B pathogen reduction 
processes as well as the site restrictions for the land appli­
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cation of Class B biosolids are based on research regard­
ing the survivability of pathogens under specific treatment 
conditions. Table 2-3 shows a comparison of the survival 
of bacteria, viruses, and parasites in different sewage 
sludge treatments. Table 2-4 shows the survival time of 
various pathogens on soil or plant surfaces after land ap­
plication of biosolids.

 Identification of Pathogens 
Some of the pathogens of concern that appear in do­

mestic sewage and sewage sludge are shown in the pho­
tographs on pages 12 and 13. These include ascarids (As­
caris lumbricoides and Toxacara), whipworms (Trichuris 
sp.), tapeworms (Hymenolepis sp. and Taenia sp.), amoeba 
(Entamoeba coli),  and giardia (Giardia lamblia). As shown 
in these photographs, several color staining procedures 
are needed to identify the organisms and the different struc­
tures within the organisms. The photograph of Giardia 
lamblia depicts specimens stained with Lugol’s iodine so­
lution, showing two nuclei, a median body, and axonemes 
in each. In addition, scientists use a blue filter when pho­
tographing the pathogenic organisms through a micro­
scope. This filter is necessary to show the natural color of 
the organisms. 

What Units are Used to Measure 
Pathogens? 

Density of microorganisms in Part 503 is defined as num­
ber of microorganisms per unit mass of total solids (dry 

Table 2-3. Summary of the Effects of Sewage Sludge Treatment on 
Pathogens (Log Reductions Shown*) 

Parasites (protozoa and 
PSRP Treatment Bacteria Viruses helminths) 

Anaerobic Digestion 0.5-4.0 0.5-2.0 0.5 
Aerobic Digestion 0.5-4.0 0.5-2.0 0.5 
Composting (PSRP) 2.0-4.0 2.0-4.0 2.0-4.0 
Air Drying 
Lime Stabilization 

0.5-4.0 
0.5-4.0 

0.5-4.0 
4.0 

0.5-4.0 
0.5 

*A 1-log reduction (10-fold) is equal to a 90% reduction. Class B 
processes are based on a 2-log reduction. 

Table 2-4. Survival Times of Pathogens in Soil and on Plant Surfacesa 

Soil Plants 
Absolute Common Absolute Common 

Pathogen Maximuma Maximum Maximumb Maximum 

Bacteria 1 year 2 months 6 months 1 month 
Viruses 
Protozoan cystsd 

1 yearc 

10 days 
3 months 
2 days 

2 months 
5 days 

1 month 
2 days 

Helminth ova 7 years 2 years 5 months 1 month 

a For survival rates, see Sorber and Moore (1986).
b Absolute maximum survival times are possible under unusual 
conditions such as consistently low temperatures or highly sheltered 
conditions (e.g., helminth ova below the soil in fallow fields) (Kowal, 
1985). 

c Solisey and Shields, 1987.
d Little, if any, data are available on the survival times of Giardia cysts 
and Cryptosporidium oocysts. 
Source: Kowal, 1985. 

weight). Ordinarily, microorganism densities are determined 
as number per 100 milliliters of wastewater or sewage 
sludge. While the use of units of volume is sensible for 
wastewater, it is less sensible for sewage sludge. Many 
microorganisms in sewage sludge are associated with the 
solid phase. When sewage sludge is diluted, thickened, or 
filtered, the number of microorganisms per unit volume 
changes markedly, whereas the number per unit mass of 
solids remains almost constant. This argues for reporting 
their densities as the number present per unit mass of sol­
ids, which requires that sewage sludge solids content al­
ways be determined when measuring microorganism den­
sities. 

A second reason for reporting densities per unit mass of 
total solids is that biosolids application to the land is typi­
cally measured and controlled in units of mass of dry sol­
ids per unit area of land. If pathogen densities are mea­
sured as numbers per unit mass of total solids, the rate of 
pathogen application to the land is directly proportional to 
the mass of dry biosolids applied. 

Different Methods for Counting 
Microorganisms 

The methods and units used to count microorganisms 
vary depending on the type of microorganism. Viable hel­
minth ova are observed and counted as individuals (num­
bers) under a microscope. Viruses are usually counted in 
plaque-forming units (PFU). Each PFU represents an in­
fection zone where a single infectious virus has invaded 
and infected a layer of animal cells. For bacteria, the count 
is in colony-forming units (CFU) or most probable number 
(MPN). CFU is a count of colonies on an agar plate or filter 
disk. Because a colony might have originated from a clump 
of bacteria instead of an individual, the count is not neces­
sarily a count of separate individuals. MPN is a statistical 
estimate of numbers in a sample. The sample is diluted at 
least once into tubes containing nutrient medium. The tubes 
are maintained under conditions favorable for bacterial 
growth. The original bacterial density in the sample is esti­
mated based on the number of tubes that show growth 
and the level of dilution in those tubes. 

Part 503 Density Limits 
Under Part 503, the density limits for the pathogens are 

expressed as numbers of PFUs, CFUs,  or MPNs  per 4 
grams dry weight sewage sludge. This terminology came 
about because most of the tests started with 100 ml of 
sewage sludge which typically contained 4 grams of sew­
age sludge solids. Also, expressing the limits on a “per 
gram” basis would have required the use of fractions (i.e., 
0.25/g or 0.75/g). Density limits for fecal coliforms, the in­
dicator organisms, however, are given on a ”per gram” basis 
because these organisms are much more numerous than 
pathogens. 

2.4 Protecting Public Health - The Part 503
The Part 503 regulation protects public health by limit­

ing the potential for public exposure to pathogens. This is 
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Ascaris lumbricoides (or var. suum) eggs, 66 µm, from anaerobically Toxocara sp. egg, 90 µm from raw sewage.

digested sludge. Two-cell stage.  (Photos on this page courtesy of Fox et

al., 1981)


Ascaris lumbricoides (or var. suum) eggs, 65 µm, from anaerobically 
digested sludge. Trichuris sp. egg, 60 µm from anaerobically digested sludge. 
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Taenia sp. ovum. (Photo courtesy of Fox et al., 1981) 

Giardia lamblia cysts. (Photo courtesy of Frank Schaefer, U.S. EPA, 
National Risk Management Research Laboratory, Cincinnati, Ohio) 

Hymenolepis (tapeworm) ova. (Photo courtesy of Fox et al., 1981) 
Preparing compost for pathogen analysis. (Photo courtesy of U.S. 
Department of Agriculture, Beltsville, Maryland) 

Entamoeba coli cysts,15 µm from anaerobically digested sludge. 
(Photo courtesy of Fox et al., 1981) 
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accomplished through treatment of the sewage sludge or 
through a combination of sewage sludge treatment and 
restrictions on the land application site that prevent expo­
sure to the pathogens in the biosolids and allow time for 
the environment to reduce the pathogens to below detect­
able levels. The Part 503 vector attraction reduction re­
quirements also help reduce the spread of pathogens by 
birds, insects, and other disease carriers (i.e. vectors) by 
requiring that all sewage sludge that is to be land applied 
undergo vector attraction reduction. 

The Part 503 regulation also establishes the analytical 
protocol for pathogen analysis. More information on the 
quantification of pathogens and how pathogen reduction 
is measured is included in Chapter 10 and in the Appendi­
ces. 

Reducing the Number of Pathogens 
Pathogen reduction can be achieved by treating sew­

age sludge prior to use or disposal and through environ­
mental attenuation. Many sewage sludge treatment pro­
cesses are available that use a variety of approaches to 
reduce pathogens and alter the sewage sludge so that it 
becomes a less effective medium for microbial growth and 
vector attraction (Table 2-5). Processes vary significantly 
in their effectiveness. For example, some processes (e.g. 
lime stabilization) may effectively reduce bacteria and vi­
ruses but have little or no effect on helminth eggs. The 

effectiveness of a particular process can also vary depend­
ing on the conditions under which it is operated. For ex­
ample, the length of time and the temperature to which 
sewage sludge is heated is critical to the effectiveness of 
heat-based treatment processes. 

Part 503 lists sewage sludge treatment technologies that 
are judged to produce biosolids with pathogens sufficiently 
reduced to protect public health and the environment. The 
regulation also allows the use of any other technologies 
that produce biosolids with adequately reduced pathogens 
as demonstrated through microbiological monitoring. The 
Part 503 establishes two classifications of biosolids based 
on the level of pathogen reduction the biosolids have un­
dergone. Class A biosolids are treated to the point at which 
pathogens are no longer detectable. For Class B biosolids, 
a combination of treatment and site restrictions are de­
signed to protect public health and the environment. 

Monitoring Indicator Species 
Sewage sludge may contain numerous species of patho­

genic organisms, and analyzing for each species is not 
practical. The microbiological requirements of the Part 503 
are therefore based on the use of an indicator organism 
for the possible presence of pathological bacteria and both 
the representative and the hardiest of known species for 
viruses and helminths to represent the larger set of patho­
genic organisms. The indicator and representative organ-

Table 2-5. General Approaches to Controlling Pathogens and Vector Attraction in Sewage Sludge 

Approach Effectiveness Process Example a 

Application  of high temperatures (temperatures 
may be generated by chemical, biological, or 
physical processes). 

Application of radiation 

Application of chemical disinfectants 

Reduction of the sewage sludge’s volatile 
organic content (the microbial food source). 

Removal of moisture from the sludge 

Depends on time and temperature. Sufficient 
temperatures maintained for sufficiently long 
time periods can reduce bacteria, viruses, 
protozoan cysts, and helminth ova to below 
detectable levels. Helminth ova are the most 
resistant to high temperatures. 

Depends on dose. Sufficient doses can reduce 
bacteria, viruses, protozoan cysts, and 
helminth ova to below detectable levels. 
Viruses are most resistant to radiation. 

Substantially reduces bacteria and viruses 
and vector attraction. Probably reduces 
protozoan cysts. Does not effectively reduce 
helminth ova unless combined with heat. 

Reduces bacteria. Reduces vector attraction. 

Reduces viruses and bacteria. Reduces 
vector attraction as long as the sewage sludge 
remains dry. Probably effective in destroying 
protozoan cysts. Does not effectively reduce 
helminth ova unless combined with other 
processes such as high temperature. 

Composting (using biological processes to 
generate heat). Heat drying and heat treat­
ment (use physical processes to generate 
heat, e.g., hot gases, heat exchangers). 
Pasteurization (physical heat, e.g., hot gases, 
heat exchangers). 
Aerobic digestion (biological heat)b 
Anaerobic digestion (physical heat)b 

Gamma and high-energy electron beam 
radiation. 

Lime stabilization 

Aerobic digestion 
Anaerobic digestion 
Compostingb 

Air or heat drying 

aSee Chapters 6 and 7 for a description of these processes. Many processes use more than one approach to reduce pathogens.
bEffectiveness  depends on design and operating conditions. 
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isms are ones that have been found to respond to treat­
ment processes and environmental conditions in a man­
ner similar to other organisms. Monitoring the levels of 
these organisms, therefore, provides information about the 
survival of the larger group. 

For example, for helminth ova, tests are employed to 
determine their presence and viability. The only helminth 
ova viability that can be determined is that of Ascaris sp. 
Ascaris is the hardiest of known helminths; thus, if condi­
tions are such that it cannot survive, it is not possible for 
other helminth species (Toxacara, Trichuris, and Hyme­
nolepis) to survive. 

For viruses, a test is available that simultaneously moni­
tors for several enterovirus species (a subset of enteric 
viruses - see Table 2-1), which are presumed to be good 
representatives for other types of enteric viruses. 

Salmonella sp. are bacteria of great concern as well as 
good representatives of reduction of other bacterial patho­
gens because they are typically present in higher densi­
ties than are other bacterial pathogens and are at least as 
hardy. 

Fecal coliforms are enteric bacteria that are used as in­
dicators of the likelihood of the presence of bacterial patho­
gens. Although fecal coliforms themselves are usually not 
harmful to humans, their presence indicates the presence 
of fecal waste which may contain pathogens. These bac­
teria are commonly used as indicators of the potential pres­
ence of pathogens in sewage sludges. They are abundant 
in human feces and therefore are always present in un­
treated sewage sludges. They are easily and inexpensively 
measured, and their densities decline in about the same 
proportion as enteric bacterial pathogens when exposed 
to the adverse conditions of sludge processing (EPA, 1992). 

In the case of Class B biosolids, the microbiological limit 
for meeting Alternative 1 is 2 million MPN fecal coliforms 
per gram dry weight. Because untreated sewage sludge 
generally contains up to 100 million MPN fecal coliforms 
per gram dry weight, this limit assumes an approximate 2­
log reduction in the fecal coliform population. Studies of 
anaerobic or aerobic digestion of sludges have shown that 
the corresponding reduction in the pathogen population 
will be significant and sufficient so that environmental at­
tenuation can reduce pathogen levels to below detection 
limit within the time period of site restrictions (Farrell et 
al.1985; Martin et al. 1990). 

For some processes, fecal coliforms may be an overly 
conservative indicator. Because bacteria may proliferate 
outside of a host, reintroduction of fecal coliforms into 
treated biosolids may result in their growth. Concentra­
tions may exceed the Class A fecal coliform limit even 
though pathogens are not present. In these cases, because 
fecal coliforms themselves are not a concern, testing di­
rectly for Salmonella sp. as an indicator of pathogen sur­
vival is permissible. Another issue with fecal coliforms is 
that the tests for these bacteria may overestimate the num­

ber of coliforms from human species. This is of particular 
concern when additives such as wood chips or other bulk­
ing agents have been added to biosolids (Meckes, 1995). 
In this case also, it is advisable to test directly for Salmo­
nella sp. 

It must however be noted that high counts of fecal 
coliforms may also indicate that a process is not being 
operated correctly. While a preparer may meet the regula­
tory requirements by testing for and meeting the regula­
tory limits for Salmonella sp., it is recommended that the 
pathogen reduction process be reviewed to determine at 
what point fecal coliforms are potentially not being reduced 
or are being reintroduced into treated biosolids, and en­
sure that process requirements are being fulfilled. 

Regrowth of Bacteria 
One of the primary concerns for biosolids preparers is 

regrowth of pathogenic bacteria. Some bacteria are unique 
among sewage sludge pathogens in their ability to multi­
ply outside of a host. The processes outlined in the Part 
503 regulation and in this document have been demon­
strated to reduce pathogens, but even very small popula­
tions of certain bacteria can rapidly proliferate under the 
right conditions, for example, in sewage sludges in which 
the competitive bacterial populations have been essen­
tially eliminated through treatment (see Section 4.3). Vi­
ruses, helminths, and protozoa cannot regrow outside their 
specific host organism(s). Once reduced by treatment, their 
populations do not increase. The Part 503 regulation con­
tains specific requirements designed to ensure that re­
growth of bacteria has not occurred prior to use or dis­
posal. 

Preventing Exposure 
Exposure to pathogens in Class B biosolids is limited by 

restricting situations in which the public may inadvertently 
come into contact with biosolids and by limiting access to 
biosolids by vectors which may carry pathogens from the 
sewage sludge. 

Site Restrictions 
In the case of land application of Class B biosolids, site 

restrictions are sometimes required in order to protect pub­
lic health and the environment. The potential pathways of 
exposure to Class B biosolids or to pathogens which may 
exist in Class B biosolids, are listed in Table 2.2 along with 
a description of how site restrictions impose barriers to 
exposure pathways. Site restrictions, discussed in detail 
in Chapter 5, place limits on crop harvesting, animal graz­
ing, and public access on land where Class B biosolids 
have been applied. 

The goal of site restrictions is to limit site activities such 
as harvesting and grazing until pathogens have been re­
duced by environmental conditions such as heat, sunlight, 
desiccation, and competition from other microorganisms. 
Table 2-3 summarizes the survival rates of four types of 
pathogenic organisms on soil and on plants. As shown, 
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helminths have the longest survival time; consequently, 
the duration of some of the site restrictions is based on 
helminth survival potential. 

Vector Attraction Reduction 
Insects, birds, rodents, and domestic animals may trans­

port sewage sludge and pathogens from sewage sludge 
to humans. Vectors are attracted to sewage sludge as a 
food source, and the reduction of the attraction of vectors 
to sewage sludge to prevent the spread of pathogens is a 
focus of the Part 503 regulation. Vector attraction reduc­
tion can be accomplished in two ways: by treating the sew­
age sludge to the point at which vectors will no longer be 
attracted to the sewage sludge and by placing a barrier 
between the sewage sludge and vectors. The technologi­
cal and management options for vector attraction reduc­
tion are discussed in Chapter 8. 

2.5 Frequently Asked Questions
Because land application of biosolids has increased dra­

matically in the past several years, and because of some 
well publicized incidents of pathogen contamination (not 
necessarily related to biosolids), there have been many 
questions about the level to which public health is pro­
tected. Although it is not possible for every issue to be 
considered, the following section includes some of the 
questions which are most frequently asked. In addition, 
references are included at the end of this chapter and in 
Chapter 12. 

Can biosolids carry the pathogen that 
causes mad cow disease? 

It has been found that Bovine Spongiform Encephalopa­
thy (BSE), or Mad Cow disease, is caused by a prion pro­
tein, or the resistant beta form of protein. The pathway for 
transmission is through the ingestion of tissue from infected 
animals. There has been no evidence that the BSE prion 
protein is shed in feces or urine. There have been no known 
cases of BSE in the United States, and the Food and Drug 
Administration (FDA) has taken various measures to pre­
vent spread of the disease to or within the United States. 
For example, the primary route for infection, the use of 
animal carcasses in animal feed, is banned in this country. 
These measures have been effective, and BSE has not 
become a public health concern in the U.S. with regard to 
ingestion of beef or other exposure routes. Thus there 
should be no risk of BSE exposure from biosolids. (Tan, et 
al. 1999) 

Is there any risk of HIV infection from 
biosolids? 

The HIV virus is contracted through contact with blood 
or other body fluids of an infected individual. Feces and 
urine do not carry the HIV virus, but contaminated fluids 
may be discharged in minor amounts to the sewerage sys­
tem. The conditions in the wastewater system are not fa­
vorable for the virus’s survival. Separation from the host 
environment, dilution with water, chemicals from house­

hold and industrial sewer discharges, and the length of 
time from discharge to treatment all impede the survival of 
the virus (WEF/U.S. EPA Fact Sheet, 1997). HIV is sel­
dom detected in wastewater, and the additional treatment 
that wastewater goes through, producing an effluent and 
sewage sludge which undergoes treatment to become 
Class A or B biosolids, makes it virtually impossible that 
biosolids would contain the HIV virus. (Lue-Hing, et al. 
1999) 

Wastewater treatment workers may come into contact 
with contaminated objects (bandages, condoms, etc.), but 
common sense hygiene practices already in place at waste­
water treatment plants including the use of protective cloth­
ing and gloves greatly reduce the potential for exposure. 
The U.S. Department of Health and Human Services stated 
in 1990 that “. . .these workers (wastewater treatment work­
ers) have no increased potential of becoming infected by 
blood borne infectious agents. Therefore, medical waste 
discarded to the sanitary sewer is not likely to present any 
additional public health effects to the wastewater workers 
or to the general public.” (Johnson, et al. 1994) 

What is a bioaerosol? 
Bioaerosols are airborne water droplets containing mi­

croorganisms. These may include pathogenic microorgan­
isms. Bioaerosols are a potential public health concern with 
regard to Class B biosolids because if pathogens are con­
tained in the biosolids, they may become airborne and in­
fect workers or the public through direct inhalation or 
through contact after settling on clothing or tools. It has 
been found that aerosolization of protozoa and helminths 
is unlikely, but bacteria or bacterial components (endot­
oxin) and viruses may become airborne and disperse from 
an application source depending on local meteorological 
and topographical conditions. However, Class B biosolids 
are rarely applied dry enough to become airborne; apply­
ing wet biosolids, particularly when the biosolids are incor­
porated or injected into the land, makes it highly unlikely 
that bioaerosols will be dispersed from land application. 

The public access restrictions for land-applied Class B 
biosolids are based on the various pathways by which 
pathogens may impact public health. Site restrictions are 
adequate for the protection of public health, but site work­
ers who are present during the application of Class B 
biosolids should follow standard hygiene precautions such 
as washing their hands after contacting biosolids and wear­
ing dust masks if applying extremely dry material. More 
information on aerosolization of pathogens from land ap­
plication can be found in the references following this chap­
ter. 

What is Aspergillus fumigatus? 
Aspergillus fumigatus is a pathogenic fungus which is 

found in decaying organic matter such as sewage sludge, 
leaves, or wood. Because the fungus is heat resistant, and 
because sewage sludge composting facilities often use 
wood chips as a bulking agent, A. fumigatus has been as­
sociated with composting. Inhalation of A. fumigatus spores 
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may result in allergenic effects including irritation of the 
mucous membranes and asthma. However, A. fumigatus 
is a secondary, or opportunistic pathogen, and infection 
from A. fumigatus (“Aspergillosis”) is limited to debilitated 
or immuno-compromised individuals. Studies of the health 
status of compost facility workers, the population most likely 
to be exposed to Aspergillus fumigatus, have not shown 
any negative health impacts (Millner, et al. 1994). 

A. fumigatus is a ubiquitous fungus and has been found 
in homes, gardens, and offices at considerable levels. 
Numerous studies have been conducted to determine the 
level of the fungus in the areas surrounding active com­
post sites and compare this level to background concen­
trations of Aspergillus  fumigatus. In general, it has been 
found that concentrations of A. fumigatus drop to back­
ground levels within 500-1000 feet of site activity. A. 
fumigatus is not covered in the Part 503. 

There have been several incidents in which fruit has been 
contaminated with pathogens. Was this due to the land 
application of biosolids? 

No. Pathogens such as Salmonella sp. and pathogenic 
strains of E. coli are typically associated with animal prod­
ucts (meat and eggs), but outbreaks have been known to 
occur as a result of vegetable or fruit contamination from 
the use of animal manures. Some of the well-publicized 
incidents include cases in which the consumption of fresh 
apple juice and cider resulted in widespread illness and 
the death of a child (Center for Disease Control, 1996). 
One case was found to be due to contamination from E. 
coli found in bovine feces, and the other was due to 
Cryptosporidium sp., also suspected to be from contact 
with animal manure. Other cases have involved the con­
tamination of berries, melons, and alfalfa sprouts. 

The Part 503 regulation applies only to the land applica­
tion of biosolids. Education of field workers, regulation of 
working conditions, both domestically and abroad, and the 
use of animal manure products are beyond the scope of 
this document. 

What is the Fate of Giardia and 
Cryptosporidium During Sewage Sludge 
Treatment? 

Giardia lamblia and Cryptosporidium parvurn are proto­
zoan parasites that can infect the digestive tract of hu­
mans and other warm blooded animals. Semi-aquatic 
mammals can serve as hosts, transmitting the disease to 
humans who consume contaminated water. Domestic 
mammals (particularly ruminants) can serve as infective 
hosts and contaminate a drinking water supply. It is cur­
rently believed that at least 7% of the diarrheal cases in 
the United States are caused by Cryptosporidium sp. 

West (1991) notes that human protozoan parasites such 
as Cryptosporidium sp. and Giardia sp. possess several 
traits which facilitate waterborne transmission. They can 
(1) be excreted in feces in large numbers during illness;

(2) persist through conventional sewage treatment; (3)
survive in an environmentally robust form or demonstrate 
resilience to inactivation while in aquatic environments; (4) 
be resistant to commonly used disinfectants in the treat­
ment of drinking water; and (5) require low numbers to 
elicit infection in susceptible hosts consuming or exposed 
to contaminated water. 

Stadterman et al. (1995) reported on an anaerobic di­
gestion study which spiked Cryptosporidium sp. oocysts 
into the digester and then periodically removed samples 
to determine the die-off. They found that conventional 
anaerobic digestion produces about a 2-log removal or a 
better log reduction on this protozoan than it does on bac­
teria and viruses, but it does not reduce densities to the 
low values needed for Class A for this pathogen. The re­
ported survival of some protozoa after anaerobic diges­
tion at 35°C is a cause for concern. 

Jenkins et al. (1998) reported that ammonia inactivates 
these oocysts, depending on the concentration. High pH 
processes that increase the free ammonia concentration 
can inactivate these oocysts (although pH by itself does 
little). 

A conservative conclusion from the limited research per­
formed is that Class B processes can only be expected to 
reduce protozoan pathogens by about a factor of ten. The 
restrictions written into the regulation (access control, grow­
ing only certain crops, restrictions on root crops, etc.) are 
necessary to prevent exposure to these pathogens. The 
Class A processes reduce protozoa to below detectable 
limits. 
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Chapter 3

Overview of Part 503 Subpart D Requirements,

Their Applicability, and Related Requirements


3.1 Introduction
The Subpart D (pathogen and vector attraction reduc­

tion) requirements of the 40 CFR Part 503 regulation ap­
ply to sewage sludge (both bulk sewage sludge and sew­
age sludge that is sold or given away in a bag or other 
container for application to the land) and domestic septage 
applied to the land or placed on a surface disposal site. 
The regulated community includes persons who generate 
or prepare sewage sludge for application to the land, as 
well as those who apply it to the land. Included is anyone 
who: 

• Generates treated sewage sludge (biosolids) that is
land applied or placed on a surface disposal site 

• Derives a material from treated sewage sludge (biosolids)

• Applies biosolids to the land

• Owns or operates a surface disposal site

Sewage sludge cannot be applied to land or placed on a 
surface disposal site unless it has met, among other things, 
the two basic types of requirements in Subpart D: 

• Requirements to ensure reduction of pathogens.

• Requirements to reduce the potential of the sewage
sludge to attract vectors (rodents, birds, insects, and 
other organisms that can transport pathogens). 

These two types of requirements are separated in Part 
503 (they were combined in an earlier regulation, Part 
257), which allows flexibility in how they are achieved. Com­
pliance with the two types of requirements must be dem­
onstrated separately. Therefore, demonstration that a re­
quirement for reduced vector attraction has been met does 
not imply that a pathogen reduction requirement also has 
been met, and vice versa. 

This chapter provides an overview of the Subpart D re­
quirements, their applicability, and the requirements related 
to frequency of monitoring and recordkeeping. Where rel­
evant, the titles of the sections in this chapter include the 
number of the Subpart D requirement discussed in the 

section. Chapters 4 through 8 provide detailed information 
on the pathogen and vector attraction reduction require­
ments. 

Some of the pathogen and vector attraction reduction 
alternatives are suitable only for biosolids which have been 
processed by particular methods, such as by aerobic or 
anaerobic digestion or composting. Chapters 4 and 5 con­
tain examples of how some facilities have met Part 503 
requirements using appropriate pathogen and vector at­
traction reduction protocols, and Chapter 8 discusses each 
vector attraction option in detail. 

3.2 Pathogen Reduction Requirements
Sewage Sludge [503.32(a) and (b)] 

The pathogen reduction requirements for sewage sludge 
are divided into two categories: Class A and Class B. These 
requirements use a combination of technological and mi­
crobiological requirements to ensure reduction of patho­
gens. 

The implicit goal of the Class A requirements is to re­
duce the pathogens in sewage sludge (including enteric 
viruses, pathogenic bacteria, and viable helminth ova) to 
below detectable levels, as defined in the 1992 regulation. 

The implicit goal of the Class B requirements is to re­
duce pathogens in sewage sludge to levels that are un­
likely to pose a threat to public health and the environment 
under the specific use conditions. For Class B biosolids 
that are applied to land, site use restrictions are imposed 
to minimize the potential for human or animal exposure to 
Class B biosolids for a period of time following land appli­
cation and until environmental factors (e.g. sunlight, des­
iccation) have further reduced pathogens. Both Class A 
treatment of the sewage sludge which reduces pathogens 
to below detectable levels and the combination of Class B 
sewage sludge treatment and use restrictions on the land 
application site protect public health and the environment. 

“Exceptional quality” (EQ) biosolids are biosolids which 
have met the Part 503 pollutant concentration limits (Table 
3 of Section 503.13) as well as Class A pathogen reduc­
tion requirements and one of the first eight vector attrac­
tion reduction options listed in 503.33(b)(1) through (b)(8). 
EQ biosolids may be land applied without site restrictions. 
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Application of Class B biosolids must be conducted in 
compliance with site restrictions. Because it is not pos­
sible for regulators to follow the land application of biosolids 
applied on lawns and home gardens, Class B biosolids 
cannot be sold or given away in bags or other containers 
or applied on lawns and home gardens. 

The testing requirements outlined throughout this docu­
ment are minimum standards for compliance with the Part 
503 rule. It should be pointed out that biosolids are prop­
erly distributed under the most recent test results. How­
ever, facilities which distribute biosolids between sampling 
events may wish to enhance their sampling programs to 
better ensure compliance with pathogen reduction require­
ments and to enhance public confidence in biosolids qual­
ity. More frequent testing should also enable the biosolids 
generators and preparers to better detect any changes in 
operations that might affect compliance and slow more 
rapid correction in any adverse changes. It should be noted 
that when additional determinations are made, even though 
they are in excess of Part 503 regulatory requirements, all 
these analytical results and records must be retained in 
the generator’s, preparer’s or land applier’s files or reported 
to the regulatory authority depending on the classification 
of the operation or the regulatory authority’s wishes. 

Domestic Septage [503.32(c)] 
As stated in Chapter 1, domestic septage is a form of 

sewage sludge. The requirements for domestic septage 
vary depending on how it is used or disposed. Domestic 
septage applied to a public contact site, lawn, or home 
garden must meet the same requirements as treated sew­
age sludge (biosolids) applied to these types of land (Class 
A requirements). Separate, less-complicated requirements 
for pathogen reduction apply to domestic septage applied 
to agricultural land, forests, or reclamation sites. These 
requirements include site restrictions to reduce the poten­
tial for human exposure to domestic septage and to allow 
for pH adjustment or environmental attenuation with site 
restrictions only on harvesting crops. No pathogen require­
ments apply if domestic septage is placed on a surface 
disposal site. 

3.3 Vector Attraction Reduction (VAR)
Requirements [503.33] 

Subpart D provides 12 options to demonstrate vector 
attraction reduction. These are referred to in this docu­
ment as Options 1 through 12. Table 8-2 summarizes these 
options, and Chapter 8 provides more detailed informa­
tion on the options. 

Reduction through Treatment 
Options 1 through 8 apply to sewage sludge that has 

been treated in some way to reduce vector attraction (e.g., 
aerobic or anaerobic digestion, composting, alkali addi­
tion, drying). These options consist of either operating 
conditions or tests to demonstrate that vector attraction 
has been reduced in the treated sewage sludge. Option 
12 is a requirement to demonstrate reduced vector attrac­

tion in domestic septage through elevated pH. This option 
applies only to domestic septage. 

Reduction through Barriers 
Options 9 through 11 are “barrier” methods. These op­

tions require the use of soil as a physical barrier (i.e., by 
injection, incorporation, or as cover) to prevent vectors from 
coming in contact with the land applied biosolids. They 
include injection of biosolids below the land surface, incor­
poration of biosolids into the soil, and placement of a cover 
over the biosolids. Options 9 through 11 apply to both 
biosolids and domestic septage. Option 11 may only be 
used at surface disposal sites. 

Timing of Pathogen and Vector Attraction 
Reduction 

In the case of Class A biosolids, pathogen reduction must 
take place before or at the same time as vector attraction 
reduction unless VAR Option 6, 7, or 8 is used. More in­
formation is provided in Section 4.2. 

3.4 Applicability of the Requirements
[503.15 and 503.25] 

The applicability of the pathogen and vector attraction 
reduction requirements is covered in 503.15 and 503.25. 
Tables 3-1 to 3-3 summarize the applicability of the Sub­
part D requirements to sewage sludge and domestic 
septage. 

Table 3-1. Subpart D Requirements for the Land Application of Bulk 
Biosolids1 

Applied to Agricultural 
Land, a Forest, a Public 
Contact Site2, or a Applied to a Lawn or 
Reclamation Site3 Home Garden 

Pathogen Class A or Class B 
Requirements with site restrictions 

Class A4 

Vector Attraction Options 1-105 Options 1-85 , 6 

Reduction 
Requirements 

Bulk biosolids are biosolids that are not sold or given away in a bag or 
other container for application to the land.

2 Public contact site is land with a high potential for contact by the 

1 

public, e.g., public parks, ball fields, cemeteries, plant nurseries, turf

farms, and golf courses.


3 Reclamation site is drastically distrubed land (e.g., strip mine, 
construction site) that is reclaimed using biosolids.

4 The regulation does not permit use of biosolids meeting Class B 
requirements on lawns or home gardens, because it would not be 
feasible under these circumstances to impose the site restrictions that 
are an integral part of the Class B requirements.

5 See Chapter 8 for a description of these options.
6The two vector attraction reduction requirements that cannot be met 

when bulk biosolids are applied to a lawn or a home garden are 
injection of the bulk biosolids below the land surface and incorporation 
of bulk biosolids into the soil. Implementation of these requirements for 
bulk biosolids applied to a lawn or a home garden would be difficult, if 
not impossible. 
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Table 3-2. Subpart D Requirements for Biosolids Sold or Given Away 
in a Bag or Other Container for Application to the Land 

Land Application 

Pathogen Requirements Class A1 

Vector Attraction Reduction Options 1-82 

Requirements 

1Class B biosolids cannot be sold or given away for use on home 
gardens or lawns because it is not feasible to impose the Class B site 
restrictions for these uses. 

2Only the treatment-related options for vector attraction reduction apply 
to biosolids that are sold or given away in bags or other containers for 
application to the land, because of the barrier options, which are 
implemented at the site of application, would be impossible. See 
Chapter 8 for a description of these options. 

Table 3-3. Subpart D Requirements for Domestic Septage Applied to 
Agricultural Land, a Forest, or a Reclamation Site1 or 
Placed on a Surface Disposal Site 

Application to Agricultural 
Land, a Forest, or a 
Reclamation Site2 Surface Disposal 

Pathogen Reduction Class B site restrictions No pathogen 
Requirements only or a pH adjustment 

(pH > 12 for 30 minutes) 
requirements3 

plus restrictions concerning 
crop harvesting 

Vector Attraction 
Reduction 

Options 9, 10, 124 Options 9-124 

Requirements 

1For application to all other types of land, domestic septage must meet 
the same requirements as other forms of sewage sludge (see Tables 3-1 
and 3-2).

2Reclamation site is drastically disturbed land (e.g., strip mine, construc­
tion site) that is reclaimed using biosolids.

3There  is no pathogen requirement for domestic septage placed on a 
surface disposal site because site restrictions for grazing of animals, 
public access, and crop growing are already imposed by the Part 503, 
Subpart C management practices to reduce exposure to pollutants in 
domestic septage placed on a surface disposal site.

4See Chapter 8 for a description of these options. 

Table 3-4. Frequency of Monitoring for Land Application and Surface 
Disposal 

Amount of Biosolids1 (metric tons 
dry solids per 365-day period) Minimum Frequency 

Greater than zero but less than 2902 Once per year 
Equal to or greater than 290 but less Once per quarter (four times 
than 1,5002 per year) 
Equal to or greater than 1,500 but Once per 60 days (six times 
less than 15,0002 per year) 
Equal to or greater than 15,0002 Once per month (12 times per 

year) 

1Either the amount of bulk biosolids applied to the land, or the amount 
of sewage sludge received by a person who prepares biosolids that are 
sold or given away in a bag or other container for application to the 
land (dry weight basis), or the amount of biosolids (excluding domestic 
septage) placed on a surface disposal site.

2290 metric tons = 320 tons (approximately 0.9 tons/day for a year). 
1,500 metric tons = 1,653 tons (approximately 4.5 tons/day for a year). 
15,000 metric tons = 16,534 tons (approximately 45 tons/day for a 
year). 

3.5 Frequency of Monitoring
Sewage Sludge [503.16(a) and 503.26(a)] 

The Class A and Class B pathogen requirements and 
the vector attraction reduction Options 1 through 8 (the 
treatment related methods) all involve some form of moni­
toring. The minimum frequency of monitoring for these re­
quirements is given in Part 503.16(a) for land application 
and Part 503.26(a) for surface disposal. The frequency 
depends on the amount of biosolids used or disposed an­
nually (see Table 3-4). The larger the amount used or dis­
posed, the more frequently monitoring is required. 

In addition to monitoring frequency, a sampling plan 
should address the minimum number of samples per sam­
pling event that are necessary to adequately represent 
biosolids quality. Both of these issues are addressed in 
Chapter 9. 

As stated throughout this document, the monitoring re­
quirements set forth in the Part 503 and this document are 
the minimum requirements. Persons or facilities that gen­
erate and distribute biosolids are encouraged to go be­
yond the minimum required programs as necessary. 

Domestic Septage [503.16(b) and 503.26(b)] 
One of the requirements that can be used for demon­

strating both pathogen reduction and vector attraction re­
duction in domestic septage is to elevate pH to 12 for 30 
minutes (see Sections 5.6 and 8.13). When this require­
ment is to be met, each container of domestic septage 
(e.g., each tank truckload) applied to the land or placed on 
a surface disposal site must be monitored for pH over 30 
minutes. 

3.6 Sampling Stockpiled or Remixed
Biosolids 

In many cases there are several steps of preparation 
before biosolids are actually used or distributed. For ex­
ample, some products such as composted biosolids may 
be prepared and then mixed with other materials to create 
a soil blend. Other biosolids products may be prepared 
and then stored either on site or at a field until the material 
can be applied. In some cases, resampling and/or re-es-
tablishment of the biosolids quality may be necessary. 
Whether or not biosolids must undergo additional sam­
pling or processing depends on the classification of the 
biosolids and on whether the biosolids remain in the con­
trol of the preparer or if they have been distributed or sold. 

EQ Biosolids 
If the biosolids are classified as exceptional quality (EQ) 

(see Section 3.2), they may be distributed for land appli­
cation without site restriction. EQ is an industry term rather 
than a regulatory term. Land application of EQ biosolids is 
not regulated by the Part 503 once the biosolids leave the 
control of the biosolids preparer. Therefore, soil blenders 
or other (non-preparer) users who take EQ biosolids may 
store the biosolids or mix the EQ biosolids with other (non-
sewage sludge) materials without resampling the product. 
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Conversely, if EQ biosolids remain within the control of the 
preparer, they are still considered biosolids and are still cov­
ered by the Part 503. Like all Class A products, they must 
undergo microbiological testing at the last possible point 
before being distributed. In addition, if the preparer mixes 
the EQ biosolids or otherwise changes the quality of the 
biosolids, the new biosolids product must again comply with 
pathogen reduction, vector attraction reduction, and micro­
biological requirements. 

Non-EQ Class A Biosolids 
Class A biosolids are not necessarily classified as EQ 

biosolids; if pollutant levels exceed the Table 3 limits or if 
one of the first eight vector attraction options has not been 
met, the Class A biosolids are not considered EQ. All Class 
A biosolids must undergo microbiological testing just before 
they are distributed, so testing for fecal coliforms or Salmo­
nella sp. must take place after storage. In addition, if the 
preparer mixes the Class A biosolids with other materials or 
otherwise changes the quality of the biosolids, the new 
biosolids product must comply with pathogen reduction, vec­
tor attraction reduction, and microbiological requirements. 

Non-EQ Class A biosolids must also be monitored after 
they are distributed. For example, if a Class A compost which 
does not meet one of the EQ pollutant limits is sold to a 
vendor who mixes the compost with soil, the soil blender 
becomes a biosolids preparer, and must therefore comply 
with all Part 503 regulations. The new biosolids product must 
comply with pathogen reduction, vector attraction reduction, 
and microbiological requirements. 

Class B Biosolids 
Class B biosolids can meet pathogen reduction require­

ments at any point; there is no requirement that Class B 
biosolids be tested just before distribution. Therefore, 
biosolids which have met the Class B pathogen reduction 
requirements can be stored on site without retesting. How­
ever, if the Class B biosolids are mixed with other materials 
or the quality of the biosolids are otherwise altered, the new 
biosolids product must meet pathogen reduction and vector 
attraction reduction requirements. 

The same is true for Class B biosolids that are distributed 
and no longer under the control of the preparer. Stored Class 
B biosolids do not have to be retested for pathogen reduc­
tion, unless the quality of the biosolids is somehow altered 
through mixing or further processing. 

3.7 Recordkeeping Requirements [503.17 

and 503.27] 


Recordkeeping requirements are covered in Part 503.17 
for land application and Part 503.27 for surface disposal. 
Records are required for both biosolids and domestic 
septage that are used or disposed. All records must be 
retained for 5 years except when the cumulative pollutant 
loading rates (CPLRs) in Subpart B (Land Application) of 
the Part 503 are used1. If CPLRs are used, records of pol­

1Cumulative pollutant loading rates are not related to pathogen control and there­
fore are not covered in this document. 

lutant loading at each site must be kept indefinitely. All 
records must be retained and made available to the regu­
latory authority upon request (see Section 3.8). 

Land Application 
Records must be kept to ensure that the biosolids meet 

the applicable pollutant limits, management practices2, one 
of the pathogen requirements, one of the vector attraction 
reduction requirements and, where applicable, the site re­
strictions associated with land application of Class B 
biosolids. When biosolids are applied to land, the person 
preparing the biosolids for land application and the person 
applying bulk biosolids must keep records3, 4. The person 
applying biosolids that were sold or given away does not 
have to keep records.Table 3-5 summarizes the record-
keeping requirements for land application. 

Surface Disposal 
When biosolids are placed on a surface disposal site, 

the person preparing the biosolids and the owner/operator 
of the surface disposal site must keep records. In the case 
of domestic septage applied to agricultural land, forest, or 
a reclamation site or placed on a surface disposal site, the 
person applying the domestic septage and the owner/op-
erator of the surface disposal site may be subject to patho­
gen record keeping requirements, depending on which 
vector attraction reduction option is met. Table 3-6 sum­
marizes the pathogen-related recordkeeping requirements 
for surface disposal. 

Certification Statement 
In every case, recordkeeping involves signing a certifi­

cation statement that the requirement has been met. Parts 
503.17 and 503.27 of the regulation contain the required 
certification language. 

3.8 Reporting Requirements for Sewage
Sludge [503.18 and 503.28] 

Reporting requirements for sewage sludge are found in 
Part 503.18 for land application and Part 503.28 for sur­
face disposal. These requirements apply to Class I sludge 
management facilities5 and to publicly owned treatment 

2Pollutant limits and management practices are not related to the pathogen re­
quirements and therefore are not covered in this document.

3Person as defined under Part 503.9 may be an individual, association, partner­
ship, corporation, municipality, state or federal agency, or an agent or employee of 
a state or federal agency.

4When biosolids are prepared by one person, and another person who places it in 
a bag or other container for sale or give-away for application to the land changes 
the quality of that biosolids, both persons must keep the records required of preparers 
(see Table 3-5 and Section 3.6).

5 A Class I sewage sludge management facility is any publicly owned treatment 
works (POTW) required to have an approved pretreatment program under 40 CFR 
403.8(a) [including any POTW located in a state that has assumed local program 
responsibilities under 40 CFR 403.1 (e)] and any treatment works treating domestic 
sewage classified as a Class I sludge management facility by EPA or the state 
sludge management program because of the potential for its sewage sludge use or 
disposal practices to adversely affect public health and the environment. 
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Table 3-5.  Summary of Pathogen and Vector Attraction Reduction Recordkeeping Requirements for Land Application of Biosolids1 

Description of 
How Class A 

Pathogen 
Requirement 

Was Met 

Biosolids - Pathogen 
Requirements 

Person preparing Class A 
bulk biosolids 
Person preparing Class A 
biosolids for sale or give 
away in a bag or other 
container 
Person preparing Class B 
biosolids 
Person applying Class B 
biosolids 

Biosolids - Vector-Attraction 
Reduction Requirements 

Person preparing biosolids 
that meet one of the 
treatment-related vector 
attraction reduction 
requirements (Options 1-8) 
Person applying biosolids if a 
barrier-related option 
(Options 9-11) is used to 
meet the vector attraction 
reduction requirement 

Domestic Septage 

Person applying domestic 
septage to agricultural 
land, a forest, or a 
reclamation site 

Description of 
How Class B 

Pathogen 
Requirement 

Was Met 

Description of 
How the Class B 
Site Restrictions 

Were Met at Each 
Site Where Sewage 
Sludge Was Applied 

Description of 
How Pathogen 

Requirement for 
Domestic Septage 

Applied to 
Agricultural Land, 

a Forest, or a 
Reclamation Site 

Was Met 

Description of 
How Vector 
Attraction 

Requirement 
Was Met 

Certification 
Statement 
that the 

Requirement 
Was Met 

1Other recordkeeping requirements, not covered in this document; apply to pollutant limits and management practices. 

Table 3-6. Summary of Pathogen and Vector Attraction Reduction Recordkeeping Requirements for Surface Disposal of Biosolids1 

Required Records 

Description of How Class A Description of How Vector Certification Statement that 
or B Pathogen Requirement Attraction Requirement the Requirement was 

was Met was Met Met 

Biosolids - Pathogen Requirements 

Person preparing the biosolids 

Sewage Sludge - Vector Attraction Reduction Requirements 

Person preparing biosolids that meet 
one of the treatment-related vector 
attraction reduction requirements 
(Options 1-8) 

Owner/operator of the surface 
disposal site if a barrier-related 
option (Options 9-11) is used to meet 
the vector attraction reduction 
requirement continued 
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Table 3-6. (Continued) 

Required Records 

Description of How Class A Description of How Vector Certification Statement that 
or B Pathogen Requirement 

was Met 
Attraction Requirement 

was Met 
the Requirement was 

Met 

Domestic Septage 

Person who places domestic 
septage on the surface 
disposal site if the domestic 
septage meets Option 12 for 
vector attraction reduction 

Owner/operator of the surface 
disposal site if a barrier-related 
option (Options 9-11) is used 
to meet the vector attraction 
reduction requirement 

1Other recordkeeping requirements, not covered in this document, apply to pollutant limits and management practices. 

works either with a design flow rate equal to or greater 
than 1 million gallons per day or that serve 10,000 or more 
people, or if specifically required by the permitting author­
ity. Reports must be submitted to the regulatory authority 
(see Tables 3-5 and 3-6) and/or as the owner/operators of 
surface disposal sites (see Table 3-6) on February 19 of 
each year. There are no reporting requirements associ­
ated with the use or disposal of domestic septage, but 
records must be kept and made available to the regulatory 
authority upon request. 

3.9 Permits and Direct Enforceability
[503.3] 

Permits 
Under Part 503.3(a), the requirements in Part 503 may 

be implemented through (1) NPDES permits issued to treat­
ment works treating domestic sewage by EPA permits is­
sued by states with an EPA-approved sludge management 
program, and (2) by permits issued under Subtitle C of the 

Solid Waste Disposal Act; Part C of the Safe Drinking Water 
Act; the Marine Protection, Research, and Sanctuaries Act 
of 1972; or the Clean Air Act. Treatment works treating 
domestic sewage should submit a permit application6 to 
the approved state program, or, if there is no such pro­
gram, to the EPA Regional Sludge Coordinator (see Ap­
pendix A). 

Direct Enforceability 
Under Part 503.3(b), the requirements of Part 503 auto­

matically apply and are directly enforceable even when no 
federal permit has been issued for the use or disposal of 
biosolids. 

6 See 40 CFR Parts 122/123, and 501; 54 FR 18716/May 2,1989; and 58 FR 9404/ 
February 19, 1993, for regulations establishing permit requirements and proce­
dures, as well as requirements for states wishing to implement approved sewage 
sludge management programs as either part of their NPDES programs or under 
separate authority. 
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Chapter 4
 
Class A Pathogen Requirements
 

4.1 Introduction
This chapter principally discusses the Class A pathogen 

requirements in Subpart D of the 40 CFR Part 503 regula­
tion. Biosolids that are sold or given away in a bag or other 
container for application to land must meet these require­
ments (see Section 3.4). Bulk biosolids applied to a lawn 
or home garden also must meet these requirements. Bulk 
biosolids applied to other types of land must meet these 
requirements if site restrictions are not met (see Chapter 5 
for guidance on Class B biosolids). Some discussion is, 
however, presented of vector attraction reduction. 

There are six alternative methods for demonstrating 
Class A pathogen reduction. Two of these alternatives pro­
vide continuity with 40 CFR Part 257 by allowing use of 
Processes to Further Reduce Pathogens (PFRPs)  and 
equivalent technologies (see Sections 4.8 and 4.9). Any 
one of these six alternatives may be met for the sewage 
sludge to be Class A with respect to pathogens. The im­
plicit objective of all these requirements is to reduce patho­
gen densities to below detectable limits which are: 

Salmonella sp. 

Enteric viruses1 

Viable helminth ova 

less than 3 MPN per 4 grams 
total solids biosolids (dry weight 
basis) 
less than 1 PFU per 4 grams 
total solids biosolids (dry weight 
basis) 
less than 1 viable helminth ova/ 
4 gram total solids biosolids (dry 
weight basis) 

One of the vector attraction reduction requirements (see 
Chapter 8) also must be met when biosolids are applied to 
the land or placed on a surface disposal site. To meet the 
Part 503 regulatory requirements, pathogen reduction must 
be met before vector attraction reduction or at the same 
time vector attraction reduction is achieved. 

For the following sections, the title of each section pro­
vides the number of the Subpart D requirement discussed 

1 Enteric viruses are monitored using a method that detects several enterovirus 
species--a subset of enteric viruses. This method is presumed to be a good indica­
tor of enteric viruses. Since the objective of the Part 503 regulation is to reduce all 
enteric viruses to less than 1 PFU per 4 grams total solids sewage sludge, this 
document refers to “enteric viruses” when discussing this requirement, although, in 
reality, the detection method enumerates only enteroviruses. 

in the section. The exact regulatory language can be found 
in Appendix B, which is a reproduction of Subpart D. Chap­
ters 9 and 10 provide guidance on the sampling and analy­
sis needed to meet the Class A microbiological monitoring 
requirements. 

4.2 Vector Attraction Reduction to Occur
With or After Class A Pathogen 
Reduction [503.32(a)(2)] 

Although vector attraction reduction and pathogen re­
duction are separate requirements, they are often related 
steps of a process. Chapter 8 discusses the vector attrac­
tion reduction options in greater detail. 

The order of Class A pathogen reduction in relation to 
the reduction of vector attraction is important when certain 
vector attraction reduction options are used. Part 
503.32(a)(2) requires that Class A pathogen reduction be 
accomplished before or at the same time as vector attrac­
tion reduction, except for vector attraction reduction by al­
kali addition [503.33(b)(6)] or drying [503.33(b)(7) and (8)] 
(see Chapter 8). 

This requirement is necessary to prevent the growth of 
bacterial pathogens after sewage sludge is treated. Con­
tamination of biosolids with a bacterial pathogen after one 
of the Class A pathogen reduction alternatives has been 
conducted may allow extensive bacterial growth unless: 
a) an inhibitory chemical is present, b) the biosolids are 
too dry to allow bacterial growth, c) little food remains for 
the microorganisms to consume, or d) an abundant popu­
lation of non-pathogenic bacteria is present. Vegetative 
cells of non-pathogenic bacteria repress the growth of 
pathogenic bacteria by “competitive inhibition” which is in 
substantial part due to competition for nutrients. It should 
be noted that vector attraction reduction by alkali addition 
[503.3(b)(6)] or drying [503.3(b)(7)] and (8) is based on 
the characteristic of the biosolids (pH or total solids) re­
maining elevated. Should the pH drop or the biosolids ab­
sorb moisture, the biosolids may be more hospitable to 
microorganisms, and pathogenic bacteria, if introduced, 
may grow. Therefore it is recommended that biosolids 
treated with these methods be stored appropriately. 

Biological treatment processes like anaerobic digestion, 
aerobic digestion, and composting produce changes in the 
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sewage sludge so that it satisfies one of the vector attrac­
tion reduction requirements [503.3(b)(1) through (5)]. They 
repress bacterial growth by minimizing the food supply and 
providing competition for the remaining food from non­
pathogenic organisms. The pathogen reduction alterna­
tive must precede the vector attraction reduction process; 
otherwise, the large number of non-pathogenic bacterial 
cells would be killed and growth of pathogenic bacteria 
could occur. Certain pathogen reduction processes such 
as composting accomplish vector attraction reduction by a 
biological process simultaneously with thermal reduction 
of pathogens. A non-pathogenic bacterial community sur­
vives which adequately suppresses growth of pathogenic 
bacteria. 

In the case of Class B biosolids, a population of non­
pathogenic bacteria is retained and inhibits the growth of 
pathogenic bacteria through competition, and site restric­
tions are imposed with their land application to reduce the 
risk of exposure to pathogens. Therefore, bacterial growth 
is not a concern for Class B biosolids, and vector attrac­
tion reduction and pathogen reduction for compliance with 
the Part 503 Rule requirements may be met in any order. 

4.3 Monitoring of Fecal Coliform or
Salmonella sp. to Detect Growth of 
Bacterial Pathogens [503.32(a)(3)-(8)] 

The goal of Class A processes is to reduce the level of 
pathogens to below detectable levels and below the level 
at which they are infectious. The Class A processes have 
been shown to sufficiently reduce pathogen levels in 
biosolids, and studies to date have not found that the growth 
of pathogenic bacteria may occur in materials after pro­
cesses take place or during storage. Favorable conditions 
for the growth of pathogenic bacteria would be: adequate 
moisture, absence of an inhibitory chemical, and inad­
equate reduction of nutritive value of the sewage sludges. 

Because Class A biosolids may be used without site re­
strictions, all Class A material must be tested to show that 
the microbiological requirements are met at the time when 
it is ready to be used or disposed. In addition to meeting 
process requirements, Class A biosolids must meet one of 
the following requirements: 

• Either the density of fecal coliforms in the sewage 
sludge be less than 1,000 MPN2 per gram total solids 
(dry weight basis). 

• Or the density of Sa/mone//a sp. bacteria in the sew­
age be less than 3 MPN per 4 grams of total solids 
(dry weight basis). 

Although the Part 503 regulation does not specify the 
number of samples that should be taken to show compli­
ance with Class A density requirements, sampling programs 

2The membrane filter method is not allowed for Class A because, at the low fecal 
coliform densities expected, the filter would have too high a loading of sewage 
sludge solids to permit a reliable count of the number of fecal coliform colonies. 

should provide adequate representation of the biosolids 
generated. Chapter 9 provides guidance for calculating the 
number of samples that should be taken per sampling 
event. Unlike Class B biosolids, compliance with Class A 
requirements is not based on an average value. Each 
sample analyzed must comply with the numerical re­
quirements. 

The microbiological requirement must be met either: 

• At the time of use or disposal3, or 

• At the time the biosolids are prepared for sale or give 
away in a bag or other container for land application, 
or 

• At the time the biosolids or material derived from the 
biosolids is prepared to meet the requirements in 
503.10(b), 503. 10(c), 503. 10(e), or 503. 10(f)4. 

If a facility stores material before it is distributed for use 
or disposal, microbiological testing should take place after 
storage. 

In each case, the timing represents the last practical 
monitoring point before the biosolids are applied to the land 
or placed on a surface disposal site. Biosolids that are sold 
or given away cannot be monitored just prior to actual use 
or disposal; instead monitoring is required as it is prepared 
for sale or give away. Biosolids that meet the 503.10(b, c, 
d, or e) requirements are considered “Exceptional Quality” 
and are therefore not subject to further control (see Sec­
tion 1.4). For this reason, the microbiological requirements 
must be met at the time the biosolids are prepared to meet 
the 503.10 requirements, which in most cases is the last 
time the biosolids are under the control of a biosolids 
preparer. 

As discussed in Chapter 9, the timing of pathogen sam­
pling is also a function of laboratory turnaround time. Ob­
taining results for fecal coliform and Salmonella sp. analy­
sis may take several days if tests are performed in-house, 
but commercial labs may require more time to process and 
report results. It is not unusual for laboratories to have a 
turnaround time of 2 weeks, even for simple tests such as 
fecal coliform. If this is the case, this time should be fac­
tored into the sampling program so that results can be 
obtained before biosolids are distributed for use or dis­
posal. 

Monitoring Fecal Coliforms or Salmonella 
sp. 

Fecal coliforms are used in the Part 503 as an indicator 
organism, meaning that they were selected to be moni­
tored because reduction in fecal coliforms correlates to 
reduction in Sa/mone//a sp. and other organisms. The re­

3Minus  the time needed to test the biosolids and obtain the test results prior to use 
or disposal (see Chapter 10).
4The 503.10(b)(c)(e) and ( f ) requirements are not discussed in this document. 
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quirements were based on experimental work by Yanko 
(1987) and correlations developed from Yanko’s data by 
Farrell (1993) which show that this level of fecal coliforms 
correlate with a very low level of Salmonella sp. detection 
in composted sewage sludge (EPA, 1992). 

Anecdotal reports suggest that some composting facili­
ties may have difficulty meeting this requirement even when 
Salmonella sp. are not detected. This might be expected 
under several circumstances. For example, very severe 
thermal treatment of sewage sludge during composting can 
totally eliminate Salmonella sp. yet leave residual fecal 
coliforms. If the sewage sludge has been poorly composted 
and thus is a good food source, fecal coliforms may grow 
after the compost cools down from thermophilic tempera­
tures. Because the Salmonella sp. are absent, they can­
not grow. An even more probable circumstance could oc­
cur if the sewage sludge is treated with lime before 
composting. Lime effectively destroys Salmonella sp. in 
sewage sludge and leaves surviving fecal coliforms (Farrell 
et al., 1974). Under conditions favorable for growth, the 
fecal coliforms can regrow to levels higher than 1,000 MPN 
per gram. Research has shown that detection of Salmo­
nella sp. is much rarer in composted sewage sludge that 
has been lime treated and composted than detection of 
fecal coliforms. Fecal coliform densities maybe high there­
fore compared to pathogen densities in such cases and 
maybe overly conservative. For this reason, all of the Part 
503 Class A alternatives allow the direct measurement of 
Salmonella sp. or fecal coliform analysis, but do not re­
quire both. 

4.4 Alternative 1: Thermally Treated
Sewage Sludge [503.32(a)(3)] 

This alternative may be used when the pathogen reduc­
tion process uses specific time-temperature regimes to 
reduce pathogens. Under these circumstances, time-con-
suming and expensive tests for the presence of specific 
pathogens can be avoided. It is only necessary to demon­
strate that: 

•	 Either fecal coliform densities are below 1,000 MPN 
per gram of total solids (dry weight basis), or Salmo­
nella sp. bacteria are below detection limits (3 MPN 
per 4 grams total solids [dry weight basis]) at the time 
the sewage sludge is used or disposed, at the time 
the sewage sludge is prepared for sale or given away 
in a bag or other container for land application, or at 
the time the sewage sludge or material derived from 
the sewage sludge is prepared to meet the require­
ments in 503.10(b), 503.10(c),  503.10(e), or 503.10(f). 

• And the required time-temperature regimes are met. 

Time-Temperature Requirement 
Four different time-temperature regimes are given in 

Alternative 1. Each regime is based on the percent solids 
of the sewage sludge and on operating parameters of the 
treatment process. Experimental evidence (EPA, 1992) 
demonstrates that these four time-temperature regimes 

reduce the pathogenic organisms to below detectable lev­
els. 

The four time-temperature regimes are summarized in 
Table 4-1. They involve two different time-temperature 
equations. The equation used in Regimes A through C re­
sults in requirements that are more stringent than the re­
quirement obtained using the equation in Regime D. For 
any given time, the temperature calculated for the Regime 
D equation will be 3 Celsius degrees (5.4 Fahrenheit de­
grees) lower than the temperature calculated for the Re­
gimes A through C equation. 

The time-temperature relationships described for Alter­
native 1 are based on extensive research conducted to 
correlate the reduction of various pathogens in sewage 
sludge to varying degrees of thermal treatment. The re­
sulting time-temperature relationship which is the basis for 
Alternative 1 is shown in Figure 4-1. These requirements 
are similar to the FDA requirements for treatment of egg­
nog, a food product with flow characteristics similar to those 
of liquid sewage sludge. The Regimes A through D differ 
depending on the characteristics of sewage sludge treated 
and the type of process used because of the varying effi­
ciency of heat transfer under different conditions. 

It is important to note that it is mandatory for all sew­
age sludge particles to meet the time-temperature re­
gime. Therefore, testing of temperatures throughout the 
sewage sludge mass and agitating the material to ensure 
uniformity would be appropriate. For processes such as 
thermophilic digestion, it is important that the digester de­
sign not allow for short circuiting of untreated sewage 
sludge. One approach that has been used to overcome 
this problem has been to draw off treated sewage sludge 
and charge feed intermittently with a sufficient time period 
between draw-down and feeding to meet the time-tem-
perature requirement of Alternative 1. Another option would 
be to carry out the process in two or more vessels in se­
ries so as to prevent bypassing. 

These time-temperature regimes are not intended to be 
used for composting (the time-temperature regime for 
composting is covered in Alternative 5: Processes to Fur­
ther Reduce Pathogens). 

A more conservative equation is required for sewage 
sludges with 7% or more solids (i.e., those covered by 
Regimes A and B) because these sewage sludges form 
an internal structure that inhibits the mixing that contrib­
utes to uniform distribution of temperature. The more strin­
gent equation is also used in Regime C (even though this 
regime applies to sewage sludges with less than 7% sol­
ids) because insufficient information is available to apply 
the less stringent equation for times less than 30 minutes. 

The time-temperature requirements apply to every par­
ticle of sewage sludge processed. Time at the desired tem­
perature is readily determined for batch or plug flow op­
erations, or even laminar flow in pipes. Time of contact 
also can be calculated for a number of completely mixed 
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Table 4-1. The Four Time-Temperature Regimes for Alternative 1 (Thermally Treated Sewage Sludge) [503.32(a)(3)] 

Required Time-
Regime Part 503 Section Applies to Temperature1 

A 	 503.32(a)(3)(ii)(A)	 Sewage sludge with at least D= 131,700,000/100.1400t 

7% solids (except those covered t≥50°C (122°F)2 

by Regime B)	 D ≥0.0139 (i.e., 20 minutes)3 

B 503.32(a)(3)(ii)(B)	 Sewage sludge with at least D= 131,700,000/100.1400t 

7% solids that are small particles t≥5O°C (122°F)2 

heated by contact with either warmed D≥1.74 X 10-4 (i.e., 15
gases or an immiscible liquid4 seconds)5 

503.32(a)(3)(ii)(C)	 Sewage sludge with less than D= 131,700,000/100.1400t 

7% solids treated in processes with 1.74 x 10-4 (i.e.,15 
less than 30 minutes contact time seconds) ≤D≤0.021 (i.e. 30

minutes)6 

DD 503.32(a)(3)(ii)(D) Sewage sludge with less than D= 50,070,000 /100.1400t 

7% solids treated in processes with t≥50°C (122°F)2 

at least 30 minutes contact time D≥0.021 (i.e. 30 minutes)7 

1D = time in days; t = temperature (°C).

2The  restriction to temperatures of at least 50 °C  (122°F) is imposed because information on the time-temperature relationship at lower temperatures
 
is uncertain.
 

3A  minimum time at 20 minutes is required to ensure that the sewage sludge has been uniformly heated.

4Two  examples of sewage sludge to which this requirement applies are:
 

• Sewage sludge cake that is mixed with previously dried solids to make the entire mass a mixture of separate particles, and is then dried by
contact with a hot gas stream in a rotary drier. 

• Sewage sludge dried in a multiple-effect evaporator system in which the system sludge particles are suspended in a hot oil that is heated by 
indirect heat transfer with condensing steam.

5Time-at-temperature of as little as 15 seconds is allowed because, for this type of sewage sludge, heat transfer between particles and the healing
fluid is excellent. Note that the temperature is the temperature achieved by the sewage sludge particles, not the temperature of the carrier medium. 

6Time-at-temperature of as little as 15 seconds is allowed because heat transfer and uniformity of temperature is excellent in thiswage
sludge. The maximum time of 30 minutes is specified because a less stringent regime (D) applies when time-at-temperature is 30 minutes or more. 

7Time-at-temperature of at least 30 minutes is required because information on the effectiveness of this time-temperature regime for reducing
pathogens at temperatures of less than 30 minutes is uncertain. 
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Figure 4-1. EPA’s time-temperature relationship for thermal disinfection compared with other time-temperature relationships. 
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reactors in series (Schafer, et al, 1994). However, there 
are concerns that flow-through systems may permit some 
sludge to pass through without adequate treatment. It is 
recommended that facilities wishing to use this alternative 
for a flow-through system conduct tracer studies to dem­
onstrate that sewage sludge is treated at the required tem­
perature for sufficient time. 

Vector Attraction Reduction 
Thermally treated sewage sludge must be treated by an 

additional vector attraction reduction process since ther­
mal treatment does not necessarily break down the vola­
tile solids in sewage sludge. Vector attraction reduction 
can be met by further processing the sewage sludge with 
pH adjustment or heat drying (Options 6 and 7), or by 
meeting one of the other options (Options 8 - 11). Options 
1 through 5 would not be applicable to thermally treated 
sludge unless the sludge was subject to biological diges­
tion after or during thermal treatment. 

Example of Meeting Class A Pathogen 
and Vector Attraction Reduction 

Requirements

 Type of Facility Thermophilic Anaerobic Digester 
Class A 
Digested sewage sludge is retained 
for at least 5 days at 50°C (Regime 
D). Sewage sludge is agitated regu­
larly to ensure thorough mixing, and 
temperatures are monitored con­
tinually in a batch mode of opera­
tion. 

Testing	 Sewage sludge is sampled 6 times 
each year for pollutants and fecal 
coliforms. Compliance with vector 
attraction reduction is also moni­
tored. 

Vector Attraction	 VAR is met by reducing volatile sol-
Reduction	 ids by over 38 percent. Five 

samples of input and output sew­
age sludge from each batch are 
analyzed for volatile solids content 
over a period of two weeks. 

Use or Disposal	 The Class A biosolids are land ap­
plied.

 Microbiological Requirement 
Microbiological monitoring for either fecal coliforms or 

Salmonella sp. is required to ensure that growth of bacte­
rial pathogens has not occurred. 

4.5 Alternative 2: Sewage Sludge Treated in
a High pH-High Temperature Process 
(Alkaline Treatment) [503.32(a)(4)] 

This alternative describes conditions of a high tempera-
ture-high pH process that has proven effective in reducing 

pathogens to below detectable levels. The process condi­
tions required by the Part 503 regulation are: 

• Elevating pH to greater than 12 and maintaining the 
pH for more than 72 hours. 

• Maintaining the temperature above 52°C (126°F) 
throughout the sewage sludge for at least 12 hours 
during the period that the pH is greater than 12. 

• Air drying to over 50% solids after the 72-hour period 
of elevated pH. 

The hostile conditions of high pH, high temperature, and 
reduced moisture for prolonged time periods allow a vari­
ance to a less stringent time-temperature regime than for 
the thermal requirements under Alternative 1. The pH of 
the sewage sludge is measured at 25°C (77°F) or an ap­
propriate correction is applied (see Section 10.7). 

Example of Meeting Class A Pathogen and 
Vector Attraction Reduction 

Type of Process Alkaline Treatment
 
Class
 
Pathogen Reduction	 Alkaline material is used to bring 

sewage sludge pH to 12 for 72 
hours during which time tempera­
tures are above 52°C for 72 hours. 
Sewage sludge is agitated during 
the heat pulse phase to maintain 
even distribution, and tempera­
ture and pH are measured at
multiple points within the sewage
sludge. The sewage sludge is 
then moved to piles and main­
tained until moisture is reduced to 
50 percent. 

Testing	 Piles are tested quarterly for pol­
utants and Salmonella sp.
Samples are taken from stock­
piled material, and material is not 
distributed for use or disposal until
test results are received 

Vector Attraction VAR Option 6,pH adjustment; pH 
Reduction is to remain elevated until 

use/disposal. 
Use or Disposal During winter months (Nov-

March), biosolids remain on site.
In the spring, biosolids are re­
tested for pathogens before be­
ing distributed. 

Operational Issues 
Because the elevated pH and temperature regimes must 

be met by the entire sewage sludge mass, operational pro­
tocols which include monitoring pH and temperature at 
various points in a batch and agitating the sewage sludge 
during operations to ensure consistent temperature and 
pH are appropriate. 
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Vector Attraction Reduction 
The pH requirement of vector attraction reduction Op­

tion 6 is met when Alternative 2 is met. Compliance with 
Alternative 2 exceeds the pH requirements of Option 6. 

Microbiological Requirements 
As with all the Class A alternatives, microbiological moni­

toring for fecal coliforms or Salmonella sp. is required (see 
Section 4.3) to ensure that pathogens have been reduced 
and growth of pathogenic bacteria has not occurred. 

4.6 Alternative 3: Sewage Sludge Treated in
Other Processes [503.32(a)(5)] 

This alternative applies to sewage sludge treated by pro­
cesses that do not meet the process conditions required 
by Alternatives 1 and 2. This requirement relies on com­
prehensive monitoring of bacteria, enteric viruses and vi­
able helminth ova to demonstrate adequate reduction of 
pathogens: 

• Either the density of fecal coliforms in the sewage 
sludge must be less than 1000 MPN per gram of total 
solids (dry weight basis), or the Salmonella sp. bacte­
ria in sewage sludge must be less than 3 MPN per 4 
grams of total solids (dry weight basis) at the time the 
sewage is used or disposed, at the time the sewage 
sludge is prepared for sale or given away in a bag or 
other container for land application, or at the time the 
sewage sludge or material derived from the sewage 
sludge is prepared to meet the requirements in 
503.10(b), 503.10(c), 503.10(e), or 503.10(f). 

•	 The density of enteric viruses in the sewage sludge 
after pathogen treatment must be less than 1 PFU per 
4 grams of total solids (dry weight basis). 

• The density of viable helminth ova in the sewage 
sludge after pathogen treatment must be less than 1 
per 4 grams of total solids (dry weight basis). 

Testing for enteric viruses and viable helminth ova can 
be complicated by the fact that they are sometimes not 
present in the untreated sewage sludge. In this case, an 
absence of the organisms in the treated sewage sludge 
does not demonstrate that the process can reduce them 
to below detectable limits. For this reason, Alternative 3 
requires that the feed sewage sludge be analyzed for en­
teric viruses and viable helminth ova. If these organisms 
are not detected in the feed sewage sludge, the sewage 
sludge is presumed to be acceptable as a Class A mate­
rial until the next monitoring episode. Monitoring is contin­
ued until enteric viruses and/or viable helminth ova are 
detected in the feed sewage sludge (i.e., the density of 
enteric viruses is greater than or equal to 1 PFU per 4 
grams total solids (dry weight basis) and/or the density of 
viable helminth ova is greater than or equal to 1 per 4 grams 
total solids (dry weight basis). At this point, the treated 
sewage sludge is analyzed to see if these organisms sur­
vived treatment. If enteric viruses densities are below de­

tection limits, the sewage sludge meets Class A require­
ments for enteric viruses, and will continue to do so as 
long as the treatment process is operated under the same 
conditions that successfully reduced the enteric virus den­
sities. If the viable helminth ova densities are below detec­
tion limits, the process meets the Class A requirements for 
enteric viruses and will continue to do so as long as the 
treatment process is operated under the same conditions 
that successfully reduced the viable helminth ova densi­
ties. Thus, it is essential to monitor and document operat­
ing conditions until adequate enteric virus and helminth 
ova reduction has been successfully demonstrated. 
Samples of untreated and treated sewage sludge must 
correspond (see Section 7.4). 

Enteric Virus and Viable Helminth  Ova 
Testing 

Tests for enteric viruses and viable helminth ova take 
substantial time: 4 weeks to determine whether helminth 
ova are viable, and 2 weeks or longer for enteric viruses. 
The treatment works operator does not know whether the 
feed sewage sludge has enteric viruses or helminth ova 
until at least 2 to 4 weeks after the first samples for testing 
feed densities are taken. This works with rapid processes 
but long-term process systems need to have temporally 
related samples. In such cases, it may be feasible to ob­
tain results within the processing time constraints. For en­
teric viruses, the sewage sludge should be stored frozen, 
unless the sample can be processed within 24 hours, in 
which case the samples may be stored at 4°C (39°F).  For 
viable helminth ova, the sewage sludge should be stored 
at 4°C (39°F) (see Section 9.6). 

Finding a laboratory that performs viable helminth ova 
and virus testing has been difficult for some sewage sludge 
preparers. Chapter 9 has more information on how to se­
lect a laboratory. State and Regional EPA sludge coordi­
nators should also be contacted for information on quali­
fied labs in the region. 

Since this option relies on testing, rather than process 
and testing, to protect public health additional testings 
should be completed. At a minimum, a detailed sampling 
plan should be submitted to the permitting authority for 
review. 

Vector Attraction Reduction 
For both Alternatives 3 and 4, meeting vector attraction 

reduction depends on the process by which pathogen re­
duction is met. For example, sewage sludge subject to long-
term storage may meet vector attraction reduction through 
volatile solids reduction (Options 1 - 3). Sewage sludges 
may also undergo additional processing or be applied fol­
lowing the requirements in Options 8 - 11. 

Microbiological Requirements 
As with all the Class A alternatives, microbiological moni­

toring for fecal coliforms or Salmonella sp. is required (see 
Section 4.3) to ensure that pathogens have been reduced 
and growth of pathogenic bacteria has not occurred. 
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4.7 Alternative 4: Sewage Sludge Treated in
Unknown Processes [503.32(a)(6)] 

The sewage sludge must meet the following limits at the 
time the biosolids (or material derived from sludge) are 
used or disposed, at the time the sewage sludge is pre­
pared for sale or given away in a bag or other container for 
land application, or at the time the sewage sludge or ma­
terial derived from the sewage sludge is prepared to meet 
the requirements in 503.10(b), 503.10(c), 503.10(e),  or 
503.10(f): 

• The density of enteric viruses in the sewage sludge
must be less than 1 PFU per 4 grams of total solids 
(dry weight basis). 

• The density of viable helminth ova in the sewage 
sludge must be less than 1 per 4 grams of total solids 
(dry weight basis). 

In addition, as for all Class A biosolids, the sewage sludge 
must meet fecal coliform or Salmonella sp. limits. As with 
Alternative 3, Alternative 4 depends on a successful sam­
pling program that provides accurate representation of the 
sewage sludge’s microbial quality (see Chapter 9). 

Example Of Meeting Class A Pathogen Vector 
Attraction Reduction 

Type of Facility	 Unknown Process 
Class	 A 
Pathogen Reduction Sewage sludge is digested and 

retained in a lagoon up to 2 
years. Sewage sludge is then 
moved to a stockpiling area where 
it may stay for up to 2 years. 

Testing	 Before sewage sludge is distrib­
uted, each pile, representing ap­
proximately 1 year of sewage
sludge production, is tested for 
Salmonella sp., viable helminth 
ova, and enteric viruses. Since 
quarterly testing is mandated, 
based on the amount of sewage 
sludge which is used or disposed, 
four samples per pile are submitted 

Vector Attraction 	 VAR is demonstrated by  showing 
Reduction	 a 38 percent reduction in volatile 

solids. Records of incoming ma­
terial and volume, bulk density, 
and percent volatile solids of out­
going material are used to calcu­
late the reduction. 

Distribution Biosolids are distributed for land 
application and agricultural land. 

Examples of situations where Alternative 4 may be used: 

z Sewage sludge treatment process is unknown. 

z The sewage sludge was produced with the process 
operating at conditions less stringent than the operat­

ing conditions at which the sewage sludge could qualify 
as Class A under other alternatives. 

Enteric Virus and Viable Helminth Ova 
Testing 

Tests for enteric viruses and viable helminth ova take 
substantial time: 4 weeks to determine whether helminth 
ova are viable, and 2 weeks or longer for enteric viruses. 
The treatment works operator does not know whether the 
feed sewage sludge has enteric viruses or helminth ova 
until at least 2 to 4 weeks after the first samples for testing 
feed densities are taken. This option works with rapid pro­
cesses but long-term process systems need to have tem­
porally related samples. In such cases, it may be feasible 
to obtain results within the processing time constraints. 
For enteric viruses, the sewage sludge should be stored 
frozen, unless the sample can be processed within 24 
hours, in which case the samples may be stored at 4°C 
(39°F).  For viable helminth ova, the sewage sludge should 
be stored at 4°C (39°F) (see Section 9.6). 

Finding a laboratory that performs viable helminth ova 
and virus testing has been difficult for some sewage sludge 
preparers. Chapter 9 has more information on how to se­
lect a laboratory. State and Regional EPA sludge coordi­
nators should also be contacted for information on quali­
fied labs in the region. 

Since this option relies on testing, rather than process 
and testing, to protect public health additional testings 
should be completed. At a minimum, a detailed sampling 
plan should be submitted to the permitting authority for 
review. 

Vector Attraction Reduction 
For both Alternatives 3 and 4, meeting vector attraction 

reduction depends on the process by which pathogen re­
duction is met. For example, sewage sludge subject to long-
term storage may meet vector attraction reduction through 
volatile solids reduction (Options 1-3). Sewage sludges 
may also undergo additional processing or be applied fol­
lowing the requirement in Options 8-11. 

4.8 Alternative 5: Use of PFRP [503.32(a)(7)]
Alternative 5 provides continuity with the 40 CFR Part 

257 regulation. This alternative states that sewage sludge 
is considered to be Class A if: 

• It has been treated in one of the Processes to Further 
Reduce Pathogens (PFRPs) listed in Appendix B of 
the regulation, and 

• Either the density of fecal coliforms in the sewage 
sludge is less than 1,000 MPN per gram total solids 
(dry weight basis), or the density of Salmonella sp. 
bacteria in the sewage sludge is less than 3 MPN per 
4 grams total solids (dry weight basis) at the time the 
sewage sludge is used or disposed, at the time the 
sewage sludge is prepared for sale or give away in a 
bag or other container for land application, or at the 
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time the sewage sludge or material derived from the 
sewage sludge is prepared to meet the requirements 
in 503.10(b), 503.10(c), 503.10(e), or 503.10(f). 

To meet this requirement, the sewage sludge treatment 
processes must be operated according to the conditions 
listed in Appendix B of the regulation. 

The Appendix B list of PFRPs is reproduced in Table  4­
2. This list is very similar to the PFRP technologies listed
in 40 CFR Part 257, with two major differences: 

•	 All requirements related to vector attraction reduction 
have been removed. 

• All the “add-on” processes listed in Part 257 are now 
full-fledged PFRPs. 

Under this Alternative, treatment processes classified as 
PFRP under 40 CFR Part 257 can continue to be oper­
ated; however, microbiological monitoring must now be 
performed to ensure that the pathogen density levels are 
below detection limits and to ensure that growth of Salmo­
nella sp. bacteria does not occur between treatment and 
use or disposal. 

For all PFRP processes, the goal of temperature moni­
toring should be to represent all areas of a batch or pile 
and to ensure that temperature profiles from multiple points 
in the process all meet mandated temperatures. In some 
instances it may be possible to monitor representative ar­
eas of a batch or pile or a reasonable worst case area to 
ensure compliance. Chapter 7 contains more guidelines 
about the operation of PFRP processes. 

4.9 Alternative 6: Use of a Process
Equivalent to PFRP [503.32(a)(8)] 

The 40 CFR Part 257 regulation allowed any treatment 
process to be determined equivalent to a PFRP. Under 

Alternative 6, sewage sludge is considered to be a Class A 
sewage sludge if: 

It is treated by any process equivalent to a PFRP, and 

Either the density of fecal coliforms in the sewage 
sludge is less than 1,000 MPN per gram total solids 
(dry weight basis), or the density of Salmonella sp. 
bacteria in the sewage sludge is less than 3 MPN per 
4 grams total solids (dry weight basis) at the time the 
sewage sludge is used or disposed, at the time the 
sewage sludge is prepared for sale or give away in a 
bag or other container for land application, or at the 
time the sewage sludge or material derived from the 
sewage sludge is prepared to meet the requirements 
in 503.10(b), 503.10(c), 503.10(e), or 503.10(f). 

Facilities that meet Alternative 6 for pathogen reduction 
must still meet vector attraction reduction requirements. 

Processes Already Recommended as 
Equivalent 

Processes recommended to be equivalent to PFRP are 
shown in Table 11.2. Products of all equivalent processes 
must still meet the Class A fecal coliform or Salmonella sp. 
requirements. 

Who Determines Equivalency? 
Part 503 gives the permitting authority responsibility for 

determining equivalency under Alternative 6. The EPA’s 
Pathogen Equivalency Committee (PEC) is available as a 
resource to provide guidance and recommendations on 
equivalency determinations to both the permitting author­
ity and the regulated community (see Chapter 11). 

4.10 Frequency of Testing
The Part 503 regulation sets forth minimum sampling 

and monitoring requirements. Table 3-4 in Chapter 3 de-

Table 4-2. Processes to Further Reduce Pathogens (PFRPs) Listed in Appendix B of 40 CFR Part 5031 

Composting 

Heat Drying 

Heat Treatment 
Thermophilic Aerobic Digestion 

Beta Ray Irradiation 

Gamma Ray Irradiation 

Pasteurization 

Using either the within-vessel composting method or the static aerated pile composting method, the 
temperature of sewage sludge is maintained at 55°C (131°F) or higher for 3 consecutive days. 
Using the windrow composting method, the temperature of the sewage sludge is maintained at 55°C 
(131°F) or higher for 15 consecutive days or longer. During the period when the compost is maintained at 
55°C (131°F)  or higher, there shall be a minimum of five turnings of the windrow. 
Sewage sludge is dried by direct or indirect contact with hot gases to reduce the moisture content of the 
sewage sludge to 10% or lower. Either the temperature of the sewage sludge particles exceeds 80°C 
(176°F)  or the wet bulb temperature of the gas in contact with the sewage sludge as the sewage sludge 
leaves the dryer exceeds 80°C (176°F). 
Liquid sewage sludge is heated to a temperature of 18O°C (356°F)  or higher for 30 minutes. 
Liquid sewage sludge is agitated with air or oxygen to maintain aerobic conditions and the mean cell 
residence time (i.e., the solids retention time) of the sewage sludge is 10 days at 55°C (131°F) to 60°C 
(14O°F). 
Sewage sludge is irradiated with beta rays from an electron accelerator at dosages of at least 1.0 megarad 
at room temperature (ca. 20°C [68°F]). 
Sewage sludge is irradiated with gamma rays from certain isotopes, such as Cobalt 60 and Cesium 137, at 
dosages of at least 1.O megarad at room temperature (ca. 20°C [68°F]). 
The temperature of the sewage sludge is maintained at 70°C (158°F) or higher for 30 minutes or longer. 

1Chapter 7 provides a detailed description of these technologies. 
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scribes the minimum frequency at which the 
sewage sludge must be sampled and analyzed for patho­
gens or vector attraction reduction in order to meet regula­
tory requirements. In addition to meeting these minimal 
requirements, the EPA recommends that sewage sludge 
generators and preparers also consider the potential pub­
lic health impact pathways and possible liability issues 
when designing a sampling program. In some cases, it 
may be appropriate to sample more frequently than the 
required minimum. 

Classification of biosolids as Class A or Class B is based 
on the most recent test results available. For example, if a 
facility produces a Class A compost, and sampling is per­
formed once each quarter, the compost produced after 
each test result verifying Class A is returned is also as­
sumed to be Class A, assuming that the same process 
continues to be followed. If a test result indicates that com­
post is not achieving Class A, all compost subsequently 
generated would be classified as Class B (assuming it 
meets Class B requirements). The Class B classification 
would remain until a test result confirming Class A quality 
is returned. 

This raises several issues. Land application of Class B 
biosolids without site restrictions is a violation of the 503 
regulation. In addition, if material is mistakenly classified 
as EQ biosolids and land applied without restriction to the 
public, the biosolids preparer may be inadvertently creat­
ing a public health risk as well as opening the facility to 
liability. The key issues to consider are: 

At what point between the two sampling events does
the material change from Class A to C/ass B? This de­
pends on the particular situation. The Class B test result 
may be an exception - the result of cross contamination 
or faulty sampling or monitoring for one pile. On the other 
hand, the test result could be indicative of an operation 
which is not adequately reducing pathogens. The piles 
which were actually sampled may have been used or dis­
tributed under the classification of the previous lab results 
while lab results were pending (it generally takes 2 weeks 
to get lab results back). Because distribution of this mate­
rial as Class A would constitute a violation of the Part 503 
regulation, it is recommended that material generated dur­
ing and subsequent to a sampling event remain on site 
until lab results are available. 

What can you do if you suspect Class B biosolids 
have been distributed as Class A biosolids? The first 
question to answer is: has this material created a public 
health risk. The material should be resampled to deter­
mine if it is indeed Class B and not Class A. The Part 503 
requires that Class A biosolids meet either the fecal coliform 
or the Salmonella sp. requirements (except for Alterna­
tives 3 and 4). If the material is out of compliance for fecal 
coliforms, it should immediately be tested for Salmonella 
sp. (and vice versa). In addition, the validity of the test 
results should be checked by contacting the lab and re­
viewing the data. 

Material distribution should then be tracked to determine 
where material has been used. Businesses and individu­

als to whom material has been distributed should be noti­
fied and informed of the potential quality issue. If material 
is stockpiled at distribution points such as at a soil blender 
or landscaper, the material should be retested for patho­
gen levels, and distribution be curtailed until the process 
is reviewed and acceptable results are achieved. The fa­
cility may even consider recalling the biosolids from the 
users. 

If material has already been distributed to public access 
areas, including homes, gardens, parks, or other public 
areas, the biosolids preparer may consider testing the soil. 
If the testing indicates problems, corrective actions may 
be necessary. 

How can a situation like this be avoided? There are 
several sampling practices that a facility should follow in 
order to avoid a situation like this. 

First, sampling should take place close enough to the 
time of distribution so that results accurately reflect mate­
rial quality. 

If possible, material sampled and subsequently produced 
material should not be distributed until the results are avail­
able; there is usually a 2-week waiting period for lab re­
sults for fecal coliform or Salmonella sp. analysis. 

More frequent sampling can help pinpoint when opera­
tional conditions change. This may allow more rapid cor­
rection of operations. 

Stockpile biosolids in discrete batches and take multiple 
samples per sampling event. This will allow better identifi­
cation of which piles may be out of compliance and will 
allow for the distribution of material that is identified as 
Class A. 
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Chapter 5

Class B Pathogen Requirements and Requirements for Domestic Septage


Applied to Agricultural Land, a Forest, or a Reclamation Site


5.1 Introduction
Class B pathogen requirements can be met in three dif­

ferent ways. The implicit objective of all three alternatives 
is to ensure that pathogenic bacteria and enteric viruses 
are reduced in density, as demonstrated by a fecal coliform 
density in the treated sewage sludge (biosolids) of 2 mil­
lion MPN or CFU per gram total solids biosolids (dry weight 
basis)1. Viable helminth ova are not necessarily reduced 
in Class B biosolids. 

Unlike Class A biosolids, which are essentially patho­
gen free, Class B biosolids may contain some pathogens. 
Site restrictions that restrict crop harvesting, animal graz­
ing, and public access for a certain period of time are re­
quired. This allows environmental factors to further reduce 
pathogens. Where appropriate, these restrictions are de­
signed to ensure sufficient reduction in viable helminth ova, 
one of the hardiest of pathogens, since these pathogens 
may not have been reduced during sewage sludge treat­
ment. 

The Class B requirements apply to bulk biosolids that 
are land applied to such areas as agricultural land, for­
ests, public contact sites, or reclamation sites. Biosolids 
that are placed on a surface disposal site also must meet 
the Class B pathogen requirements, unless the active 
biosolids unit on which the biosolids are placed is covered 
at the end of each operating day (see Table 3-1). Because 
the use of Class B biosolids must be closely monitored, 
Class B biosolids cannot be given away or sold in bags or 
other containers. 

Domestic septage applied to agricultural land, forest, or 
a reclamation site must meet all of the Class B site restric­
tions under 503.32(b)(5) unless the domestic septage has 
met specific pH requirements (see Section 5.6). 

1Farrell et al. (1985) have shown that if a processed sewage sludge is processed 
by aerobic or anaerobic digestion it has a fecal coliform density of 2 million MPN or 
CFU per gram, enteric viruses and bacteria are significantly reduced. A comparison 
of suspended solids densities in entering wastewater to suspended solids densities 
in treated sewage sludge shows that this density of fecal coliform in treated sew­
age sludge represents a 100-fold (Z-log) reduction in fecal coliform density, and is 
expected to correlate with an approximately 1.5 log (approximately 32-fold) reduc­
tion in Salmonella sp. density and an approximately 1.3 log (20-fold) reduction in 
the density of enteric viruses. 

Class B biosolids and domestic septage also must meet 
one of the vector attraction reduction requirements (see 
Chapter 8). Note that the choice of vector attraction op­
tions may affect the duration of site restrictions in some 
cases. Specifically, if Option 9 or 10 (injection or incorpo­
ration) is used to reduce vector attraction, the restriction 
on harvesting for food crops grown below the soil surface 
(potatoes, carrots, etc.) is increased from 20 months to 38 
months. 

Sections 5.2 to 5.4 discuss the three alternative Class B 
pathogen requirements for sewage sludge. Section 5.5 
discusses the site restrictions for land applied Class B 
biosolids, and Section 5.6 presents the requirements for 
domestic septage applied to agricultural land, forests, or 
reclamation sites. The title of each section provides the 
number of the Subpart D requirement discussed in the 
section. A copy of Subpart D can be found in Appendix B. 
Chapters 9 and 10 provide guidance on the sampling and 
analysis necessary to meet the Class B microbiological 
requirements. 

5.2 Sewage Sludge Alternative 1: 
Monitoring of Fecal Coliform 
[503.32(b)(2)] 

Alternative 1 requires that seven samples of treated sew­
age sludge (biosolids) be collected and that the geometric 
mean fecal coliform density of these samples be less than 
2 million CFU or MPN per gram of biosolids (dry weight 
basis). This approach uses fecal coliform density as an 
indicator of the average density of bacterial and viral patho­
gens. Over the long term, fecal coliform density is expected 
to correlate with bacterial and viral pathogen density in 
biosolids treated by biological treatment processes (EPA, 
1992). 

Use of at least seven samples is expected to reduce the 
standard error to a reasonable value. The standard devia­
tion can be a useful predictive tool. A relatively high stan­
dard deviation for the fecal coliform density indicates a wide 
range in the densities of the individual samples. This may 
be due to sampling variability or variability in the labora­
tory analysis, or it may indicate that the treatment process 
is not consistent in its reduction of pathogens. A high stan­
dard deviation can therefore alert the preparer that the 
sampling, analysis, and treatment processes should be 
reviewed. 
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Each of the multiple samples taken for fecal coliform 
analysis should be taken at the same point in the process 
so that treatment of each sample has been equal. Samples 
must be handled correctly and analyzed within 24 hours in 
order to minimize the effect of the holding time of the sample 
on the microbial population. 

Laboratory sampling should follow Standard Methods 
as outlined in the Appendix of this document. Standard 
QA/QC practices, including duplicates to verify laboratory 

Calculating the Geometric Mean for Class B Alternative 1 

• Take seven samples over a 2-week period.

• Analyze samples for fecal coliform using the membrane
filter or MPN dilution method. 

• Take the log (Base 10) of each result.

• Take the average (arithmetic) of the logs.

• Take the anti-log of the arithmetic average. This is the
geometric mean of the results. 

Example: The results of analysis of seven samples of sew­
age sludge are shown below. The second column of the 
table shows the log of each result. 

Fecal Coliform 
(MPN/dry gram 
sewage sludge) Log 

Sample 1 
Sample 2 
Sample 3 
Sample 4 
Sample 5 
Sample 6 
Sample 7 
Average (Arithmetic) 
Antilog (geometric mean) 
Log standard deviation 

6.4 x 106 

4.8 x 104 

6.0 x 105 

5.7 x 105 

5.8 x 105 

4.4 x 106 

6.2 x 107 

6.18 

1.00* 

4.68 
6.81 

5.78 
5.76 
5.76 
6.64 
7.80 

1.5 x 106 

Note that this sewage sludge would meet Class B fecal 
coliform requirements even though several of the analysis 
results exceed the 2.0 x 106/dry gram limit. 
*Duplicate analyses on the same sample would give a 
much lower standard deviation. Variability is inflated by dif­
ferences in feed and product over a 2-week sampling pe­
riod. 

protocols should be followed. Generally a log standard 
deviation between duplicate samples under 0.3 is accept­
able for lab analyses. 

Process parameters including retention time and tem­
perature should be examined in order to verify that the 
process is running as specified. Monitoring equipment 
should be calibrated regularly. 

The seven samples should be taken over a 2-week pe­
riod in order to represent the performance of the facility 
under a range of conditions. For small facilities that are 
required to sample infrequently, sampling should be per­
formed under worst case conditions, for example, during 
the winter when the climatic conditions are the most ad­
verse. 

It has been found that for Class B compliance, the 
MPN dilution method for fecal coliform analysis is more 
appropriate than the membrane filtration test. This is 
because colloidal and suspended solids may interfere with 
media transport through the membrane filter. Furthermore, 
concentration of toxic or inhibitory substances at the filter 
surface may affect results. It is therefore recommended 
that the membrane filter procedure be used only after dem­
onstrating comparability between the membrane filter test 
and the MPN method for a given sewage sludge. 

Example of Meeting Class B Pathogen 
Vector Attraction Reduction Requirements 

Type of Facility Extended Aeration 
Class B 
Pathogen Reduction -------------­
Testing Quarterly testing for pollutants 

and for fecal coliform to determine 
if Class B Alternative 1 require­
ments are met. 

Vector Attraction The SOUR test is used to 
Reduction demonstrate compliance with 

VAR Option 4 
Use or Disposal The Class B biosolids are 

delivered to farmers along with 
information regarding analysis 
and site restrictions 

5.3 Sewage Sludge Alternative 2: Use of a
Process to Significantly Reduce 
Pathogens (PSRPs) [503.32(b)(3)] 

The PSRP Class B alternative provides continuity with 
the 40 CFR Part 257 regulation. Under this Alternative, 
treated sewage sludge (biosolids) is considered to be Class 
B if it is treated in one of the “Processes to Significantly 
Reduce Pathogens” (PSRPs) listed in Appendix B of Part 
503. The biological PSRP processes are sewage sludge 
treatment processes that have been demonstrated to re­
sult in a 2-log reduction in fecal coliform density. See Chap­
ter 7. 

The PSRPs in the Part 503 are reproduced in Table 5-1 
and described in detail in Chapter 6. They are similar to 
the PSRPs listed in the Part 257 regulation, except that all 
conditions related to reduction of vector attraction have 
been removed. Under this alternative, sewage sludge 
treated by processes that are PSRPs under 40 CFR Part 
257 are Class B with respect to pathogens. Unlike the com­
parable Class A requirement (see Section 4.8), this Class 
B alternative does not require microbiological monitoring. 
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However, monitoring of process requirements such as time, 
temperature, and pH is required. 

Table 5-1. Processes to Significantly Reduce Pathogens (PSRPs) 
Listed in Appendix B of 40 CFR Part 503 

1. Aerobic Digestion Sewage sludge is agitated with air or 
oxygen to maintain aerobic conditions for a 
specific mean cell residence time (i.e., 
solids retention time) at a specific 
temperature. Values for the mean cell 
residence time and temperature shall be 
between 40 days at 20°C (68°F) and 60 
days at 15°C (59°F). 

2. Air Drying Sewage sludge is dried on sand beds or 
on paved or unpaved basins. The sewage 
sludge dries for a minimum of 3 months. 
During 2 of the 3 months, the ambient 
average daily temperature is above 0°C 
(32°F). 

3. Anaerobic Digestion Sewage sludge is treated in the absence of 
air for a specific mean cell residence time 
(i.e., solids retention time) at a specific 
temperature. Values for the mean cell 
residence time and temperature shall be 
between 15 days at 35°C to 55°C (131°F) 
and 60 days at 20°C (68°F). 

4. Composting Using either the within-vessel, static 
aerated pile, or windrow composting 
methods, the temperature of the sewage 
sludge is raised to 40°C (104°F) or higher 
and remains at 40°C (104°F) or higher for 
5 days. For 4 hours during the 5 day 
period, the temperature in the compost pile 
exceeds 55°C (131°F). 

5. Lime Stabilization Sufficient lime is added to the sewage 
sludge to raise the pH of the sewage 
sludge to 12 for ≥2 hours of contact. 

5.4 Sewage Sludge Alternative 3: Use of
Processes Equivalent to PSRP 
[503.32(b)(4)] 

The Part 257 regulation allowed the sewage sludge to 
be treated by a process determined to be equivalent to a 
PSRP. Under Class B Alternative 3, sewage sludge treated 
by any process determined to be equivalent to a PSRP is 
considered to be Class B biosolids. A list of processes that 
have been recommended as equivalent to PSRP are 
shown in Table 11.1. 

Part 503 gives the regulatory authority responsibility for 
determining equivalency. The Pathogen Equivalency Com­
mittee is available as a resource to provide guidance and 
recommendations on equivalency determinations to the 
regulatory authorities (see Chapter 11). 

5.5 Site Restrictions for Land Application of
Biosolids [503.32(b)(5)] 

Potential exposure to pathogens in Class B biosolids 
via food crops is a function of three factors: first there must 
be pathogens in the biosolids; second, the application of 
Class  B biosolids to food crops must transfer the patho­
gens to the harvested crop, and third, the crop must be 
ingested before it is processed to reduce the pathogens. 

Elimination of one of these steps eliminates the pathway 
by which public health may be affected. The use of Class 
A biosolids protects public health by reducing pathogens 
in sewage sludge to below detectable levels. Biosolids that 
meet the Class B requirements may contain reduced but 
still significant densities of pathogenic bacteria, viruses, 
protozoans, and viable helminth ova. Thus, site restrictions 
are to allow time for further reduction in the pathogen popu­
lation. Harvest restrictions are imposed in order to reduce 
the possibility that food will be harvested and ingested 
before pathogens which may be present on the food have 
died off. Harvest restrictions vary, depending on the type 
of crop, because the amount of contact a crop will have 
with biosolids or pathogens in biosolids varies. 

The site restrictions are primarily based in the survival 
rates of viable helminth ova, one of the hardiest of patho­
gens that may be present on sewage sludge. The survival 
of pathogens, including the helminth ova, depends on ex­
posure to the environment. Some of the factors that affect 
pathogen survival include pH, temperature, moisture, cat­
ions, sunlight, presence of soil microflora, and organic 
material content. On the soil surface, helminth ova has 
been found to die off within 4 months, but survival is longer 
if pathogens are within the soil. Helminth ova have been 
found to survive in soil for several years (Smith, 1997; 
Kowal 1985). Site restrictions take this into account by 
making a distinction between biosolids that are applied to 
the land surface, biosolids that are incorporated into the 
soil after at least 4 months on the soil surface, and biosolids 
that are incorporated into the soil within 4 months of being 
applied. 

Site restrictions also take the potential pathways of ex­
posure into account. For example, crops that do not con­
tact the soil, such as oat or wheat, may be exposed to 
biosolids, but pathogens on crop surfaces have been found 
to be reduced very quickly (30 days) due to exposure to 
sunlight, desiccation, and other environmental factors. 
Crops that touch the soil, such as melons or cucumbers, 
may also come into contact with biosolids particles, but 
pathogens in this scenario are also subject to the harsh 
effects of sunlight and rain and will die off quickly. Crops 
grown in soil such as potatoes are surrounded by biosolids 
amended soil, and pathogen die-off is much slower below 
the soil surface. 

These pathways should be considered when determin­
ing which site restriction is appropriate for a given situa­
tion. The actual farming and harvesting practices as well 
as the intended use of the food crop should also be con­
sidered. For example, oranges are generally considered a 
food crop that does not touch the ground. However, some 
oranges grow very low to the ground and may come into 
contact with soil. If the oranges that have fallen to the 
ground or grew touching the ground are harvested for di­
rect consumption without processing, the 14-month har­
vest restriction for crops that touch the soil should be fol­
lowed. Orange crops which do not touch the ground at all 
would not fall under the 14-month harvest restriction; har­
vest would be restricted for 30 days under 503.32(b)(5)(iv) 
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which covers food crops that do not have harvested parts 
in contact with the soil. For similar situations, the potential 
for public health impacts must be considered. Harvest prac­
tices such as the use of fallen fruit or washing or process­
ing crops should be written into permits so that restrictions 
and limits are completely clear. Figure 5-1 illustrates the 
steps of exposure that should be considered when mak­
ing a decision aboutharvest and site restrictions. In addi­
tion, several examples of permit conditions are included. 
The site restrictions for land applied Class B biosolids are 
summarized below. The regulatory language is given in 
italics. Note that the restrictions apply only to the harvest­
ing of food crops, but not to the planting or cultivation of 
crops. 

Food Crops with Harvested Parts That 
Touch the Sewage Sludge/Soil Mixture 

503.32(b)(5)(i):  Food crops with harvested parts that 
touch the sewage sludge/soil mixture and are total/y above 
the land surface shall not be harvested for 14 months after 
application of sewage sludge. 

This time frame is sufficient to enable environmental 
conditions such as sunlight, temperature, and desiccation 
to further reduce pathogens on the land surface. Note that 
the restriction applies only to harvesting. Food crops can 
be planted at any time before or after biosolids applica­
tion, as long as they are not harvested within 14 months 

Does sewage sludge comply with Class B
requirements? 

No 

Yes 

Does sewage sludge comply with Class A
requirements? 

Yes 

No 

Is the sewage sludge applied to a food crop? No 

Yes 

Does the food crop touch the ground or will
fruit that falls on the ground be harvested? 

Yes 

Is it possible that harvested food will be
eaten raw or handled by the public? 

Yes 

Is the edible part of the crop grown below
the surface of the land? 

Yes 

Does the sewage sludge remain on the Yes Harvest may not take place until 20 months
surface of the land for more than 4 months after application.after application? 

No 

Harvest may not take place until 38 months
after application. 

Must be diverted from land application. 

Sludge can be land-applied without site
restrictions. 

Site restrictions for sod farms grazing
animals, or public access should be 
followed. 

Harvest may not take place until 30 days 
after application. 

No 

No Permitting authority may use discretion to 
reduce waiting period  from 14 months to 30 
days, depending on the application. 

No Harvest may not take place until 14 months
after application. 

Figure 5-1. Decision tree for harvesting and site restrictions. 
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after sludge application. Examples of food crops grown on 
or above the soil surface with harvested parts that typi­
cally touch the sewage sludge/soil mixture include lettuce, 
cabbage, melons, strawberries, and herbs. Land applica­
tion should be scheduled so that crop harvests are not lost 
due to harvest restrictions. 

Food Crops with Harvested Parts Below the 
Land Surface 

503.32(b)(5)(ii):  Food crops with harvested parts below 
the surface of the land shall not be harvested for 20 months 
after application of sewage sludge when the sewage sludge 
remains on the land surface for 4 months or longer prior to 
incorporation into the soil. 

Pathogens on the soil surface will be exposed to envi­
ronmental stresses which greatly reduce their populations. 
Helminth ova have been found to die off after 4 months on 
the soil surface (Kowal, 1994). Therefore, a distinction is 
made between biosolids left on the soil surface for 4 months 
and biosolids which are disced or plowed into soil more 
quickly. 

For a September 1999 harvest, biosolids could be ap­
plied to the soil surface up to the end of December 1997, 
plowed or disced into the soil in April 1998, and the crop 
planted in order to allow it to be harvested in September 
1999. Examples of crops with harvested parts below the 

Site Restrictions for Questionable 

Tree Nut Crops hulled, and de­
hydrated before being distributed  for public consumption 
must follow the Nuts which are harvested 

are subject to the 14-month restriction. 

to be eaten 
raw. If the beets are transported off site 

tions apply. If left on the soil surface for 4 

restriction applies. If biosolids within 4 
months of application, the 38-month restriction applies. 

Tomatoes (and peppers) - Fruit often comes in contact with 
the ground. Tomatoes 

without further processing. The 14-month restriction ap­
plies. 

ExampIes of 
Food Crop Situations 

- Nuts which are washed

30-day restriction.
from the ground and sold in their shell without processing 

Sugar Beets - Sugar beets aren’t expected 
and considerable 

biosolids amended soil is carried off with them, the restric­
biosolids are

months or longer before being incorporated, the 20-month 
are incorporated 

are sold both to processors and to 
farm stands. Tomatoes may be eaten raw by the public 

land surface are potatoes, radishes, beets, onions and 
carrots. 

503.32(b)(5)(iii): Food crops with harvested parts below 
the surface of the land shall not be harvested for 38 months 
after application of sewage sludge when the sewage sludge 

remains on the land surface for less than 4 months prior to 
incorporation into the soil. 

Exposure of the surface of root crops such as potatoes 
and carrots to viable helminth ova is a principal concern 
under these circumstances. Four months is considered the 
minimum time for environmental conditions to reduce vi­
able helminth ova in biosolids on the land surface. Class B 
biosolids incorporated into the soil surface less than 4 
months after application may contain significant numbers 
of viable helminth ova. Once incorporated into the soil, die-
off of these organisms proceeds much more slowly; there­
fore, a substantially longer waiting period is required to 
protect public health. Thirty-eight months after biosolids 
application is usually sufficient to reduce helminth ova to 
below detectable levels. 

Food Crops, Feed Crops, and Fiber Crops 
503.32(b)(5)(iv):  Food crops, feed crops, and fiber crops 

shall not be harvested for 30 days after application of sew­
age sludge. 

This restriction covers food crops that are not covered 
by 503.32(b)(I-iii). This would include crops with harvested 
parts that do not typically touch the biosolids/soil mixture 
and which are not collected from the ground after they have 
fallen from trees or plants. The restriction also applies to 
all feed and fiber crops. These crops may be exposed to 
pathogens when biosolids are applied to the land. Har­
vesting of these crops could result in the transport of 
biosolids pathogens from the growing site to the outside 
environment. After 30 days, however, any pathogens in 
biosolids that may have adhered to the crop during appli­
cation will likely have been reduced to non-detectable lev­
els. Hay, corn, soybeans, or cotton are examples of a crop 
covered by this restriction. 

Animal Grazing 
503.32(b)(5)(v):  Animals shall not be allowed to graze 

on the land for 30 days after  application of sewage sludge. 

Biosolids can adhere to animals that walk on biosolids 
amended land and thereby be brought into potential con­
tact with humans who come in contact with the animals 
(for example, horses and milking cows allowed to graze 
on a biosolids amended pasture). Thirty days is sufficient 
to substantially reduce the pathogens in surface applied 
biosolids, thereby significantly reducing the risk of human 
and animal contamination. 

Turf Harvesting 
503.32(b)(5)(vi): Turf grown on land where sewage 

sludge is applied shall not be harvested for 1 year after 
application of the sewage sludge when the harvested turf 
is placed on either land with a high potential for public ex­
posure or a lawn, unless otherwise specified by the per­
mitting authority. 

The 1-year waiting period is designed to significantly 
reduce pathogens in the soil so that subsequent contact 
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of the turf layer will not pose a risk to public health and 
animals. A permitting authority may reduce this time pe­
riod in cases in which the turf is not used on areas with 
high potential for public access. 

Public Access 
503.32(b)(5)(vii):  Public access to land with a high po­

tential for public exposure shall be restricted for 1 year 
after application of the sewage sludge. 

As with the turf requirement above, a 1-year waiting pe­
riod is necessary to protect public health and the environ­
ment in a potential high-exposure situation. A baseball dia­
mond, playground, public park, or a soccer field are ex­
amples of land with a high potential for public exposure. 
The land gets heavy use and contact with the soil is sub­
stantial (children or ball players fall on it and dust is raised 
which is inhaled and ingested). 

503.32(b)(5)(viii): Public access to land with a low po­
tential for public exposure shall be restricted for 30 days 
after application of the sewage sludge. 

A farm field used to grow corn or soybeans is an ex­
ample of land with low potential for public exposure. Even 
farm workers and family members walk about very little on 
such fields. Public access restrictions do not apply to farm 
workers, but workers should be aware of the public health 
implications of land application and the land application 
schedule, and should follow good hygiene practice during 
the 30-day period. For example, workers should be in­
structed to wash their hands after handling soil or crops 
that come into contact with soil. Protective clothing and 
footwear are recommended for workers who work on fields 
that have recently been applied with Class B biosolids. 
More safety recommendations for workers handling 
biosolids are included in Section 2.2. 

5.6 Domestic Septage [503.32(c)]
Under Part 503.32(c),  pathogen reduction in domestic 

septage applied to agricultural land, forest, or reclamation 
sites2 may be reduced in one of two ways: 

• Either all the Class B site restrictions under
503.32(b)(5) --see Section 5.5--must be met, 

• Or the pH of the domestic septage must be raised to 
12 or higher by alkali addition and maintained at pH 
12 or higher for 30 minutes without adding more al­
kali, and the site restrictions on crop harvesting in 
503.32(b)(5)(I-iv)  must be met (see Section 5.5). The 
Part 503 regulation uses the term alkali in the broad 
sense to mean any substance that causes an increase 
in pH. 

Vector attraction reduction can be met with Option 9, 
10, or 13. Domestic septage can be incorporated or in­
jected into the soil to prevent vector attraction, or the pH of 
the domestic septage can be adjusted as outlined in Op­
tion 12 (see Section 8). pH adjustment can fulfill both patho­
gen and vector attraction reduction. 

Class B sewage sludge requirements apply to domestic septage applied to all other 
types of land. No pathogen-related requirements apply to domestic septage placed
 on a surface disposal site. 

The pH requirement applies to every container of do­
mestic septage applied to the land, which means that the 
pH of each container must be monitored. The first alterna­
tive reduces exposure to pathogens in land applied do­
mestic septage while environmental factors attenuate 
pathogens. The second alternative relies on alkali treat­
ment to reduce pathogens and contains the added safe­
guard of restricting crop harvesting, which prevents expo­
sure to crops grown on domestic septage amended soils. 
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Chapter 6

Processes to Significantly Reduce Pathogens (PSRPs)


6.1 Introduction
Processes to Significantly Reduce Pathogens (PSRPs) 

are listed in Appendix B of Part 503. There are five PSRPs: 
aerobic and anaerobic digestion, air drying, composting, 
and lime stabilization. Under Part 503.32(b)(3), sewage 
sludge meeting the requirements of these processes is 
considered to be Class B with respect to pathogens (see 
Section 5.3). When operated under the conditions speci­
fied in Appendix B, PSRPs reduce fecal coliform densities 
to less than 2 million CFU or MPN per gram of total solids 
(dry weight basis) and reduce Salmonella sp. and enteric 
virus densities in sewage sludge by approximately a fac­
tor of 10 (Farrell, et al., 1985). 

This level of pathogen reduction is required, as a mini­
mum, by the Part 503 regulation if the sewage sludge is 
applied to agricultural land, a public contact site, a forest, 
or a reclamation site or placed on a surface disposal site1. 
Because Class B biosolids may contain some pathogens, 
land application of Class B biosolids is allowed only if crop 
harvesting, animal grazing, and public access are limited 
for specific periods of time following application of Class B 
biosolids so that pathogens can be further reduced by en­
vironmental factors (see Section 5.5). 

The PSRPs listed in Part 503 are essentially identical to 
the PSRPs that were listed under the 40 CFR Part 257 
regulation, except that all requirements related solely to 
reduction of vector attraction have been removed. Vector 
attraction reduction is now covered under separate require­
ments (see Chapter 8) that include some of the require­
ments that were part of the PSRP requirements under Part 
257, as well as some new options for demonstrating vec­
tor attraction reduction. These new options provide greater 
flexibility to the regulated community in meeting the vector 
attraction reduction requirements. 

Although theoretically two or more PSRP processes, 
each of which fails to meet its specified requirements, could 
be combined and effectively reduce pathogens (i.e. partial 
treatment in digestion followed by partial treatment by air 
drying) it cannot be assumed that the pathogen reduction 
contribution of each of the operations will result in the 2­

1Unless the active biosolids surface disposal unit is covered at the end of each 
operating day, in which case no pathogen requirement applies. 

log reduction in fecal coliform necessary to define the com­
bination as a PSRP. Therefore, to comply with Class B 
pathogen requirements, one of the PSRP processes must 
be conducted as outlined in this chapter, or fecal coliform 
testing must be conducted in compliance with Class B Al­
ternative 1. The biosolids preparer also has the option of 
applying for PSRP equivalency for the combination of pro­
cesses. Achieving PSRP equivalency enables the preparer 
to stop monitoring for fecal coliform density. 

This chapter provides detailed descriptions of the PSRPs 
listed in Appendix B. Since the conditions for the PSRPs, 
particularly aerobic and anaerobic digestion, are designed 
to meet pathogen reduction requirements, they are not 
necessarily the same conditions as those traditionally rec­
ommended by environmental engineering texts and manu­
als. 

6.2 Aerobic Digestion
In aerobic digestion, sewage sludge is biochemically 

oxidized by bacteria in an open or enclosed vessel (see 
photo). To supply these aerobic microorganisms with 
enough oxygen, either the sewage sludge must be agi­
tated by a mixer, or air must be forcibly injected (Figure 6­
1). Under proper operating conditions, the volatile solids 
in sewage sludge are converted to carbon dioxide, water, 
and nitrate nitrogen. 

Aerobic systems operate in either batch or continuous 
mode. In batch mode, the tank is filled with untreated sew­
age sludge and aerated for 2 to 3 weeks or longer, de­
pending on the type of sewage sludge, ambient tempera­
ture, and average oxygen levels. Following aeration, the 
stabilized solids are allowed to settle and are then sepa­
rated from the clarified supernatant. The process is begun 
again by inoculating a new batch of untreated sewage 
sludge with some of the solids from the previous batch to 
supply the necessary biological decomposers.  In continu­
ous mode, untreated sewage sludge is fed into the digester 
once a day or more frequently; thickened, clarified solids 
are removed at the same rate. 

The PSRP description in Part 503 for aerobic digestion 
is: 

• Sewage sludge is agitated with air or oxygen to main-
tain aerobic conditions for a specific mean cell resi­
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Digester in Vancouver, Washington. 
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Figure 6-1. Aerobic digestion. 

44 



dence time at a specific temperature. Values for the 
mean cell residence time and temperature shall be 
between 40 days at 20°C (68°F) and 60 days at 15°C 
(59°F). 

For temperatures between 15°C (59°F) and 20°C (68°F) 
use the relationship between time and temperature pro­
vided below to determine the required mean cell residence 
time. 

Time @T°C = 1.08 (20-T)

40 d


The regulation does not differentiate between batch, in­
termittently fed, and continuous operation, so any method 
is acceptable. The mean cell residence time is considered 
the residence time of the sewage sludge solids. The ap­
propriate method for calculating residence time depends 
on the type of digester operation used (see Appendix E). 

Continuous-Mode, No Supernatant Removal For con-
tinuous-mode digesters where no supernatant is removed, 
nominal residence times may be calculated by dividing liq­
uid volume in the digester by the average daily flow rate in 
or out of the digester. 

Continuous-Mode, Supernatant Removal In systems 
where the supernatant is removed from the digester and 
recycled, the output volume of sewage sludge can be much 
less than the input volume of sewage sludge. For these 
systems, the flow rate of the sewage sludge out of the 
digester is used to calculate residence times. 

Continuous-Mode Feeding, Batch Removal of Sew­
age Sludge For some aerobic systems, the digester is 
initially filled above the diffusers with treated effluent, and 
sewage sludge is wasted daily into the digester. Periodi­
cally, aeration is stopped to allow solids to settle and su­
pernatant to be removed. As the supernatant is drawn off, 
the solids content in the digester gradually increases. The 
process is complete when either settling or supernatant 
removal is inadequate to provide space for the daily sew­
age sludge wasting requirement, or sufficient time for di­
gestion has been provided. The batch of digested sewage 
sludge is then removed and the process begun again. If 
the daily mass of sewage sludge solids introduced has 
been constant, nominal residence time is one-half the to­
tal time from initial charge to final withdrawal of the digested 
sewage sludge. 

Batch or Staged Reactor Mode A batch reactor or two 
or more completely-mixed reactors in series are more ef­
fective in reducing pathogens than is a single well-mixed 
reactor at the same overall residence time. The residence 
time required for this type of system to meet pathogen re­
duction goals may be 30% lower than the residence time 
required in the PSRP definition for aerobic digestion (see 
Appendix E). However, since lower residence times would 
not comply with PSRP conditions required for aerobic di­
gestion in the regulation, approval of the process as a PSRP 
by the permitting authority would be required. 

Other Digesters are frequently operated in unique ways 
that do not fall into the categories above. Appendix E pro­
vides information that should be helpful in developing a 
calculation procedure for these cases. Aerobic digestion 
carried out according to the Part 503 requirements typi­
cally reduces bacterial organisms by 2-log and viral patho­
gens by 1-log. Helminth ova are reduced to varying de­
grees, depending on the hardiness of the individual spe­
cies. Aerobic digestion typically reduces the volatile solids 
content (the microbes’ food source) of the sewage sludge 
by 40% to 50%,  depending on the conditions maintained 
in the system. 

Vector Attraction Reduction 
Vector attraction reduction for aerobically digested sew­

age sludges is demonstrated either when the percent vola­
tile solids reduction during sewage sludge treatment equals 
or exceeds 38%, or when the specific oxygen uptake rate 
(SOUR) at 20°C (68°F) is less than or equal to 1.5 mg of 
oxygen per hour per gram of total solids, or when addi­
tional volatile solids reduction during bench-scale aerobic 
batch digestion for 30 additional days at 20°C (68°F) is 
less than 15% (see Chapter 8). 

Thermophilic aerobic systems (operating at higher tem­
peratures) capable of producing Class A biosolids are de­
scribed in Section 7.5. 

6.3 Anaerobic Digestion
Anaerobic digestion is a biological process that uses 

bacteria that function in an oxygen-free environment to 
convert volatile solids into carbon dioxide, methane, and 
ammonia. These reactions take place in an enclosed tank 
(see Figure 6-2) that may or may not be heated. Because 
the biological activity consumes most of the volatile solids 
needed for further bacterial growth, microbial activity in 
the treated sewage sludge is limited. Currently, anaerobic 
digestion is one of the most widely used treatments for 
sewage sludge treatment, especially in treatment works 
with average wastewater flow rates greater than 19,000 
cubic meters/day (5 million gallons per day). 

Most anaerobic digestion systems are classified as ei­
ther standard-rate or high-rate systems. Standard-rate 
systems take place in a simple storage tank with sewage 
sludge added intermittently. The only agitation that occurs 
comes from the natural mixing caused by sewage sludge 
gases rising to the surface. Standard-rate operation can 
be carried out at ambient temperature, though heat is some­
times added to speed the biological activity. 

High-rate systems use a combination of active mixing 
and carefully controlled, elevated temperature to increase 
the rate of volatile solids destruction. These systems some­
times use pre-thickened sewage sludge introduced at a 
uniform rate to maintain constant conditions in the reactor. 
Operating conditions in high-rate systems foster more effi­
cient sewage sludge digestion. 

The PSRP description in Part 503 for anaerobic diges­
tion is: 
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First Stage
(completely mixed) 

Figure 6-2. Two-stage anaerobic digestion (high rate). 

• Sewage sludge is treated in the absence of air for a 
specific mean cell residence time at a specified tem­
perature. Values for the mean cell residence time and 
temperature shall be between 15 days at 35°C  to 55°C 
(95°F to 131°F) and 60 days at 20°C (68°F). 

Straight-line interpolation to calculate mean cell resi-
dence time is allowable when the temperature falls be-
tween 35°C and 20°C.

Section 6.2 provides information on calculating residence 
times. Anaerobic digestion that meets the required resi­
dence times and temperatures typically reduces bacterial 
and viral pathogens by 90% or more. Viable helminth ova 
are not substantially reduced under mesophilic conditions 
(32°C to 38°C [90°F to 100°F]) and may not be completely 
reduced at temperatures between 38°C  (100°F) and 50°C 
(122°F). 

Anaerobic systems reduce volatile solids by 35% to 60%, 
depending on the nature of the sewage sludge and the 
system’s operating conditions. Sewage sludges produced 
by systems that meet the operating conditions specified 
under Part 503 will typically have volatile solids reduced 
by at least 38%,  which satisfies vector attraction reduction 
requirements. Alternatively, vector attraction reduction can 
be demonstrated by Option 2 of the vector attraction re­
duction requirements, which requires that additional vola­
tile solids loss during bench-scale anaerobic batch diges­
tion of the sewage sludge for 40 additional days at 30°C  to 
37°C  (86°F to 99°F) be less than 17% (see Section 8.3). 
The SOUR test is an aerobic test and cannot be used for 
anaerobically digested sewage sludge. 

6.4 Air Drying
Air drying allows partially digested sewage sludge to dry 

naturally in the open air (see photo). Wet sewage sludge 

Second Stage
(stratified) 

is usually applied to a depth of approximately 23 cm (9 
inches) onto sand drying beds, or even deeper on paved 
or unpaved basins. The sewage sludge is left to drain and 
dry by evaporation. Sand beds have an underlying drain­
age system; some type of mechanical mixing or turning is 
frequently added to paved or unpaved basins. The effec­
tiveness of the air drying process depends very much on 
the local climate: drying occurs faster and more completely 
in warm, dry weather, and slower and less completely in 
cold, wet weather. During the drying/storage period in the 
bed, the sewage sludge is undergoing physical, chemical, 
and biological changes. These include biological decom­
position of organic material, ammonia production, and des­
iccation. 

Sludge drying operation. (Photo credit: East Bay Municipal Utility 
District) 
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The PSRP description in Part 503 for air drying is: 

• Sewage sludge is dried on sand beds or on paved or 
unpaved basins. The sewage sludge dries for a mini­
mum of 3 months. During 2 of the 3 months, the ambi­
ent average daily temperature is above 0°C  (32°F). 

Although not required by the Part 503, it is advisable to 
ensure that the sewage sludge drying beds are exposed 
to the atmosphere (i.e., not covered with snow) during the 
2 months that the daily temperature is above 0°C  (32°F). 
Also, the sewage sludge should be at least partially di­
gested before air drying. Under these conditions, air dry­
ing will reduce the density of pathogenic viruses by 1-log 
and bacteria by approximately 2-log. Viable helminth ova 
also are reduced, except for some hardy species that re­
main substantially unaffected. 

Vector Attraction Reduction 
Frequently sand-bed drying follows an aerobic or anaero­

bic digestion process that does not meet the specified pro­
cess requirements and does not produce 38% volatile sol­
ids destruction. However, it may be that the volatile solids 
reduction produced by the sequential steps of digestion 
and drying will meet the vector attraction reduction require­
ment of 38% volatile solids reduction. If this is the case, 
vector attraction reduction requirements are satisfied. 

Example of Meeting PSRP and 
Vector Attraction Reduction Requirements 

Type of Facility Air Drying 
Class B 
Pathogen Reduction Partially digested sewage 

sludge is thickened and
spread in drying beds. Filling 
of beds starts in June, and the 
beds accommodate sewage 
sludge generated over 1 full 
year. Beds are then emptied 
the following September so
that all sewage sludge is re­
tained over an entire summer 
(>0°C ambient temperatures). 

Testing	 Sewage sludge is tested for
pollutants 2 weeks before 
material is removed and dis­
tributed. 

Vector Attraction Biosolids are land applied 
Reduction and plowed immediately into 

the soil. 
Use or Disposal	 Biosolids are delivered to lo­

cal farmers. Farmers are 
given information on site re­
strictions, and must follow 
harvest, grazing, and public 
access restrictions. 

Vector Attraction Reduction 
Air-dried sewage sludge typically is treated by aerobic 

or anaerobic digestion before it is placed on drying beds. 
Usually, the easiest vector attraction reduction requirement 
to meet is a demonstration of 38% reduction in volatile 
solids (Option 1, See Section 8.2), including the reduction 
that occurs during its residence on the drying beds. 

In dry climates, vector attraction reduction can be 
achieved by moisture reduction (see Option 7 in Section 
8.8, and Option 8 in Section 8.9). 

6.5 Composting 
Composting involves the aerobic decomposition of or­

ganic material using controlled temperature, moisture, and 
oxygen levels. Several different composting methods are 
currently in use in the United States. The three most com­
mon are windrow, aerated static pile, and within-vessel 
composting. These are described below. 

Composting can yield either Class A or Class B biosolids, 
depending on the time and temperature variables involved 
in the operation. 

All composting methods rely on the same basic pro­
cesses. Bulking agents such as wood chips, bark, saw­
dust, straw, rice hulls, or even-finished compost are added 
to the sewage sludge to absorb moisture, increase poros­
ity, and add a source of carbon. This mixture is stored (in 
windrows, static piles, or enclosed tanks) for a period of 
intensive decomposition, during which temperatures can 
rise well above 55°C (131°F). Depending on ambient tem­
peratures and the process chosen, the time required to 
reduce pathogens and produce Class B biosolids can range 
from 3 to 4 weeks. Aeration and/or frequent mixing or turn­
ing are needed to supply oxygen and remove excess heat. 
Following this active stage, bulking agents may or may 
not be screened from the completed compost for recycling 
(see photo), and the composted biosolids are “cured” for 
an additional period. 

Windrow  composting involves stacking the sewage 
sludge/bulking agent mixture into long piles, or windrows, 
generally 1.5 to 2.7 meters high (5 to 9 feet) and 2.7 to 6.1 
meters wide (9 to 20 feet). These rows are regularly turned 
or mixed with a turning machine or front-end loader to fluff 
up the material and increase porosity which allows better 
convective oxygen flow into the material. Turning also 
breaks up compacted material and reduces the moisture 
content of the composting media (see photo, next page). 
Active windrows are typically placed in the open air, ex­
cept in areas with heavy rainfall. In colder climates, winter 
weather can significantly increase the amount of time 
needed to attain temperatures needed for pathogen re­
duction. 

Aerated static pile composting uses forced-air rather than 
mechanical mixing (see Figure 6-3) to both supply suffi­
cient oxygen for decomposition and carry off moisture. The 
sewage sludge/bulking agent mixture is placed on top of 
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Composted sludge is screened to remove the bulking agent prior 
to land application 

Compost mixing equipment turns over a windrow of compost for 
solar drying prior to screening [Photo credit: East Bay Municipal 
Utility District) 

either (1) a fixed underlying forced aeration system, or (2) 
a system of perforated piping laid on the composting pad 
surface and topped with a bed of bulking agent. The entire 
pile is covered with a layer of cured compost for insulation 
and odor control. Pumps are used to blow air into the com­
post pile or suck air through it. The latter provides greater 
odor control because the compost air can be easily col­
lected and then filtered or scrubbed. 

Within-vessel composting systems vary greatly in de­
sign, but they share two basic techniques: the process 
takes place in a reactor vessel where the operating condi­
tions can be carefully controlled (see photo page 49), and 
active aeration meets the system’s high oxygen demand. 

Agitated bed systems (one type of within-vessel 
composting) depend on continuous or periodic mixing 
within the vessel, followed by a curing period. 

Pathogen reduction during composting depends on time 
and temperature variables (see photo page 49). Part 503 
provides the following definition of PSRP requirement for 
pathogen reduction during composting: 

•	 Using either the within-vessel, static aerated pile, or 
windrow composting methods, the temperature of the 
sewage sludge is raised to 40°C  (104°F) or higher and 
remains at 40°C  (104°F) or higher for 5 days. For 4 
hours during the 5-day period, the temperature in the 
compost pile exceeds 55°C (131°F). 

These conditions, achieved using either within-vessel, 
aerated static pile, or windrow methods, reduce bacterial 
pathogens by 2-log and viral pathogens by 1-log. 

A process time of only 5 days is not long enough to fully 
break down the volatile solids in sewage sludge, so the 
composted sewage sludge produced under these condi­
tions will not be able to meet any of the requirements for 
reduced vector attraction. In addition, sewage sludge that 
has been composted for only 5 days may still be odorous. 
Breakdown of volatile solids may require 14 to 21 days for 
within-vessel; 21 or more days for aerated static pile; and 
30 or more days for windrow composting. Many treatment 
works allow the finished sewage sludge compost to fur­
ther mature or cure for at least several weeks following 
active composting during which time pile turning or active 
aeration may continue. 

Composting is most often used to meet Class A require­
ments. More guidance for composting operations and how 
to meet Class A time and temperature requirements is pro­
vided in Chapter 7. 

Vector Attraction Reduction 
Vector attraction reduction must be conducted in accor­

dance with Option 5, or compost must be incorporated into 
soil when land applied. This option requires aerobic treat­
ment (i.e., composting) of the sewage sludge for at least 
14 days at over 40°C  (104°F) with an average tempera­
ture of over 45°C (113°F). 

6.6 Lime Stabilization
The lime stabilization process is relatively straightforward: 

lime - either hydrated lime, Ca(OH)2; quicklime, CaO;  or 
lime containing kiln dust or fly ash - is added to sewage 
sludge in sufficient quantities to raise the pH above 12 for 
2 hours or more after contact, as specified in the Part 503 
PSRP description for lime stabilization: 

• Sufficient lime is added to the sewage sludge to raise 
the pH of the sewage sludge to 12 after 2 hours of 
contact. 

For the Class B lime stabilization process, the alkaline 
material must be a form of lime. Use of other alkaline  ma­
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Taulman Weiss in-vessel composting facility in Portland, Oregon. 

Compost operator measures compost pile temperature as part of 
process monitorlng. (Photo credit: East Bay Municipal Utility District, 
Oakland, California) 

Wood Chips or
Compost 

Figure 6-3. Static aerated pile composting. 

terials must first be demonstrated to be equivalent to a 
PSRP. Elevation of pH to 12 for 2 hours is expected to 
reduce bacterial and viral density effectively. 

Lime may be introduced to liquid sewage sludge in a 
mixing tank or combined with dewatered sewage sludge, 
providing the mixing is complete and the sewage sludge 
cake is moist enough to allow aqueous contact between 
the sewage sludge and lime. 

Mixing must be sufficient to ensure that the entire mass 
of sewage sludge comes into contact with the lime and 

Filter Pile of 
Composted Sludge 

undergoes the increase in pH and to ensure that samples 
are representative of the overall mixture (see Chapter 9). 
pH should be measured at several locations to ensure that 
the pH is raised throughout the sewage sludge. 

A variety of lime stabilization processes are currently in 
use. The effectiveness of any lime stabilization process 
for controlling pathogens depends on maintaining the pH 
at levels that reduce microorganisms in the sewage sludge. 
Field experience has shown that the application of lime 
stablized material after the pH has dropped below 10.5 
may, in some cases, create odor problems. Therefore it is 
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recommended that biosolids application take place while 
the pH remains elevated. If this is not possible, and odor 
problems develop, alternate management practices in the 
field include injection or incorporation or top dressing the 
applied biosolids with additional lime. Alternate manage­
ment practices if the biosolids have not yet left the waste­
water treatment plant may include adding additional lime 
to maintain the elevated pH or additional treatment through 
drying or composting. Lime stabilization can reduce bac­
terial and viral pathogens by 99% or more. Such alkaline 
conditions have little effect on hardy species of helminth 
ova, however. 

Vector Attraction Reduction 
For lime-treated sewage sludge, vector attraction reduc­

tion is best demonstrated by Option 6 of the vector attrac­
tion reduction requirements. This option requires that the 
sewage sludge pH remain at 12 or higher for at least 2 
hours, and then at 11.5 or more for an additional 22 hours 
(see Section 8.7). 

Lime stabilization does not reduce volatile solids. Field 
experience has shown that the application of lime stabi­
lized material after the pH has dropped below 10.5 may 
create odor problems. Therefore it is recommended that 
land application of biosolids take place as soon as pos­

sible after vector attraction reduction is completed and while 
pH remains elevated. 

6.7 Equivalent Processes
Table 11.1 in Chapter 11 lists some of the processes 

that the EPA’s Pathogen Equivalency Committee has rec­
ommended as being equivalent to PSRP under Part 257. 
Information on the PEC and how to apply for equivalency 
are discussed in Chapter 11. 
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Chapter 7

Processes to Further Reduce Pathogens (PFRPs)


7.1 Introduction
Processes to Further Reduce Pathogens (PFRPs) are 

listed in Appendix B of the Part 503. There are seven 
PFRPs: composting, heat drying, heat treatment, thermo­
philic aerobic digestion, beta ray irradiation, gamma ray 
irradiation, and pasteurization. When these processes are 
operated under the conditions specified in Appendix B, 
pathogenic bacteria, enteric viruses, and viable helminth 
ova are reduced to below detectable levels. The PFRPs 
listed in Part 503 are essentially identical to the PFRPs 
listed under the 40 CFR Part 257 regulation, except that 
all requirements related solely to reduction of vector at­
traction have been removed. 

This chapter provides detailed descriptions of the seven 
PFRPs listed in Part 503. Because the purpose of these 
processes is to produce Class A biosolids, the pathogen 
reduction process must be conducted concurrent to or prior 
to the vector attraction reduction process (see Section 4.2). 

Under Part 503.32(a)(7), sewage sludge treated in these 
processes is considered to be Class A with respect to hel­
minth ova, enteric viruses, and pathogenic bacteria. In 
addition, Class A biosolids must be monitored for fecal 
coliform or Salmonella sp. bacteria at the time of use on 
disposal, at the time the biosolids are prepared for sale or 
give away in a bag or other container for land application, 
or at the time the biosolids are prepared to meet the re­
quirements for “exceptional quality” sludge (see Chapter 
2) in 503.10(b), 503.10(c), 503.10(e), or 503.10(f) to en­
sure that growth of bacteria has not occurred (see Section 
4.3). Guidelines regarding the frequency of pathogen sam­
pling and sampling protocols are included in Chapter 9. 

7.2 Composting
Composting is the controlled, aerobic decomposition of 

organic matter which produces a humus-like material. Sew­
age sludge which is to be composted is generally mixed 
with a bulking agent such as wood chips which increases 
porosity in the sewage sludge, allowing air to more easily 
pass through the composting material and maintain aero­
bic conditions. There are three commonly used methods 
of composting: windrow, static aerated pile, and within-
vessel. 

To be considered a PFRP under Part 503, the composting 
operation must meet certain operating conditions: 

• Using either the within-vessel composting method or
the static aerated pile composting method, the tem­
perature of the sewage sludge is maintained at 55°C 
(131°F)  or higher for 3 consecutive days. 

• Using the windrow composting method, the tempera­
ture of the sewage sludge is maintained at 55°C (131°F) 
or higher for 15 consecutive days or longer. During 
the period when the compost is maintained at 55°C 
(131°F) or higher, there shall be a minimum of five turn­
ings of the windrow. 

For aerated static pile and in-vessel composting pro­
cesses, temperatures should be taken at multiple points 
at a range of depths throughout the composting medium. 
Points which are likely to be slightly cooler than the center 
of the pile, such as the toes of piles, also should be moni­
tored. Because the entire mass of sewage sludge must 
attain the required temperatures for the required duration, 
the temperature profiles from every monitoring point, not 
just the average of the points, should reflect PFRP condi­
tions. 

It has been found that points within 0.3 m (1 foot) of the 
surface of aerated static piles may be unable to reach PFRP 
temperatures, and for this reason, it is recommended that 
a 0.3 m (1 foot) or greater layer of insulating material be 
placed over all surfaces of the pile. Finished compost is 
often used for insulation. It must be noted that because 
the insulation will most likely be mixed into the composted 
material during post-processing or curing, compost used 
as an insulation material must be a Class A material so as 
not to reintroduce pathogens into the composting sewage 
sludge. 

For windrow composting, the operational requirements 
are based on the same time-temperature relationship as 
aerated static pile and in-vessel composting. The material 
in the core of the windrow attains at least 55°C and must 
remain at that temperature for 3 consecutive days. Wind­
row turning moves new material from the surface of the 
windrow into the core so that this material may also un­
dergo pathogen reduction. After five turnings, all material 
in the windrow must have spent 3 days at the core of the 
pile. The time-temperature regime takes place over a pe­
riod of at least 15 consecutive days during which time the 
temperature in the core of the windrow is at least 55°C. 
See Appendix J for additional guidance. 
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Pathogen reduction is a function of three parameters: 

• Ensuring that all sewage sludge is mixed into the core
of the pile at some point during active composting 

• Ensuring that all sewage sludge particles spend 3 con-
secutive days in the core during which time the tem­
peratures are at 55°C 

• Preventing growth of pathogenic bacteria in composted
material 

The first issue, ensuring that all material is mixed into 
the core of the pile, depends on the configuration of the 
windrows and the turning methodology. Pile size and shape 
as well as material characteristics determine how much of 
the pile is in the “hot zone” at any given time. Additional 
turning and maintenance of temperatures after the man­
dated 15 days are recommended, depending on the wind­
row configuration. For example, the Los Angeles County 
Sanitation District found that as many as 12-15 turnings 
were necessary to reduce pathogens in windrow 
composted sewage sludge (Personal Communication, 
Ross Caballero, Los Angeles County Sanitation District, 
1998). 

Second, it is important that once that material is in the 
pile core it be subject to the full time-temperature regime 
necessary to reduce pathogens. Therefore, the turning 
schedule and the recovery of the core zone to 55°C are 
important factors. If pile turning is not evenly distributed 
throughout the 15-day period, some material may not spend 
adequate time in the core of the pile. Additionally, pile tem­
peratures generally drop off immediately after turning; if 
temperatures in the pile core do not quickly recover to 55°C 
(within 24 hours), the necessary pathogen reduction pe­
riod of 3 days will not be achieved. 

Because of the operational variability, pathogen reduc­
tion in windrow  composting has been found to be less pre­
dictable than pathogen reduction in aerated static pile or 
in-vessel composting. In order to improve pathogen re­
duction, the following operational guidelines are recom­
mended. 

• 	Windrow turning should take place after the pile core 
has met pathogen reduction temperatures for 3 con­
secutive days. Windrow  turnings should be evenly 
spaced within the 15 days so that all material remains 
in the core zone for 3 consecutive days; allowing addi­
tional time as needed for the core temperature to come 
up to 55°C. 

• Pathogen reduction temperatures (55°C) must be met
for 15 consecutive days at the pile core. 

• Temperatures should be taken at approximately the
same time each day in order to demonstrate that 55°C 
has been reached in the pile core within 24 hours after 
pile turning. 

• Testing frequency should be increased; a large sew-
age sludge windrow composting operation recom­

mends testing each windrow for Salmonella sp. be­
fore piles are distributed (Personal Communication, 
Ross Caballero, Los Angeles County Sanitation Dis­
trict, 1998). Samples are taken after turning is com­
pleted, and piles which do not comply with Class A 
requirements are retained on site for further 
composting. 

Vector Attraction Reduction (VAR) 
The options for demonstrating vector attraction reduc­

tion for both PFRP and PSRP composting are the same. 
Option 5 is the most appropriate for composting opera­
tions. This option requires aerobic treatment (e.g. 
composting) of the sewage sludge for at least 14 consecu­
tive days at over 40°C (104°F) with an average tempera­
ture of over 45°C (113°F). This is usually easily attained 
by sewage sludge composting. 

The PFRP and VAR requirements can be met concur­
rently in composting. For within-vessel or aerated static 
pile composting, the temperature profile should show PFRP 
temperatures at each of the temperature monitoring points 
for 3 consecutive days, followed by a minimum of 11 more 
days during which time the average temperature of the 
pile complies with VAR requirements. For windrow piles, 
the compliance with PFRP temperatures will also fulfill VAR 
requirements. 

PFRP temperatures should be met before or at the same 
time that VAR requirements are fulfilled in order to reduce 
the potential for pathogen regrowth. However, continued 
curing of the composting material will most likely further 
prevent the growth of pathogenic bacteria from taking place. 

Like all microbiological processes, composting can only 
take place with sufficient moisture (45-60%). Excessive 
aeration of composting piles or arid ambient condition may 
dry composting piles to the point at which microbial activ­
ity slows or stops. The cessation of microbial activity re­
sults in lowered pile temperatures which can easily be mis­
taken for the end-point of composting. Although composting 
may appear to have ended, and compost may even meet 
vector attraction reduction via Option 7, overly dried com­
post can cause both odor problems and vector attraction if 
moisture is reintroduced into the material and microbial 
activity resumes. It is therefore recommended that the 
composting process be maintained at moisture levels be­
tween 45-60% (40-55% total solids) (Epstein, 1997). 

Microbiological Requirements 
If the conditions specified by the Part 503 regulation are 

met, all pathogenic viruses, bacteria, and parasites will be 
reduced to below detectable levels. However, it may be 
difficult to meet the Class A microbiological requirement 
for fecal coliforms even when Salmonella sp. bacteria are 
not present. Biological sewage sludge treatment processes 
involving high temperatures, such as composting, can re­
duce Salmonella sp. to below detectable levels while leav­
ing some surviving fecal coliforms. If sufficient nutrients 
remain in the sewage sludge, bacteria can later grow to 
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significant numbers. It may be preferable, therefore, to test 
composted sewage sludge directly for Salmonella sp., 
rather than using fecal coliforms as an indicator of patho­
gen control. 

Although not mandated by the Part 503 regulation, com­
post is usually maintained on site for longer than the re­
quired PFRP and VAR duration. In order to produce a high-
quality, marketable product, it has been found that a cur­
ing period, or the period during which the volatile solids in 
the sewage sludge continue to decompose, odor potential 
decreases, and temperatures decrease into the mesophilic 
(40-45°C) range, is necessary. Depending on the feed­
stock and the particular process, the curing period may 
last an additional 30 - 50 days after regulatory require­
ments are met. 

In general, compost is not considered marketable until 
the piles are no longer self-heating. It is important to note 
that compost piles that are cooled by excessive aeration 
or that do not self-heat because the material is too dry to 
support microbial activity may not actually be fully decom­
posed. 

It has been found that further reduction of organic mate­
rial takes place during the curing phase of composting 
(Epstein, 1997). Therefore microbiological testing should 
take place at the end of the curing process when compost 
is prepared for sale or distribution. Compost which is stored 
on site for extended periods of time until it can be sold or 
distributed must be tested for compliance with microbio­
logical limits when it is to be used or disposed. 

7.3 Heat Drying
Heat drying is used to reduce both pathogens and the 

water content of sewage sludge. The Part 503 PFRP de­
scription of heat drying is: 

• Sewage sludge is dried by direct or indirect contact
with hot gases to reduce the moisture content to 10% 
or lower. Either the temperature of the sewage sludge 
particles exceeds 80°C (176°F) or the wet bulb tem­
perature of the gas in contact with the sewage sludge 
as it leaves the dryer exceeds 80°C (176°F). 

Properly conducted heat drying will reduce pathogenic 
viruses, bacteria, and helminth ova to below detectable 
levels. Four processes are commonly used for heat drying 
sewage sludge: flash dryers, spray dryers, rotary dryers, 
and steam dryers. Flash dryers used to be the most com­
mon heat drying process installed at treatment works, but 
current practice favors rotary dryers. These processes are 
briefly described below. More detailed descriptions are 
provided in EPA’s Process Design Manual (EPA, 1979). 

Flash Dryers 
Flash dryers pulverize sewage sludge in the presence 

of hot gases. The process is based on exposing fine sew­
age sludge particles to turbulent hot gases long enough to 
attain at least 90% solids content. 

Spray Dryers 
A spray dryer typically uses centrifugal force to atomize 

liquid sewage sludge into a spray that is directed into a 
drying chamber. The drying chamber contains hot gases 
that rapidly dry the sewage sludge mist. Some spray dry­
ing systems use a nozzle to atomize sewage sludge. 

Rotary Dryers 
Rotary dryers function as horizontal cylindrical kilns. The 

drum rotates and may have plows or louvers that mechani­
cally mix the sewage sludge as the drum turns. There are 
many different rotary kiln designs, utilizing either direct 
heating or indirect heating systems. Direct heating designs 
maintain contact between the sewage sludge and the hot 
gases. Indirect heating separates the two with steel shells. 

Steam Dryers 
Indirect steam dryers utilize steam to heat the surface of 

the dryers which will come into contact with the sewage 
sludge. The heat transfer surface may consist of discs or 
paddles, which rotate to increase their contact with the 
sewage sludge. 

Vector Attraction Reduction 
No further processing is required because the PFRP 

requirements for heat drying also meet the requirements 
of Option 8 for vector attraction reduction (the percent sol­
ids must be at least 90% before mixing the sewage sludge 
with other materials). This fulfills the requirement of 
Option 7 if the sewage sludge being dried contains no 
unstabilized solids. 

Drying of sewage sludge to 90% solids deters the at­
traction of vectors, however, unstabilized dried biosolids 
which are rewet may become odorous and attract vectors. 
Therefore, it is recommended that materials be used or 
disposed while the level of solids remains high and that 
dried material be stored and maintained under dry condi­
tions. 

Some operators have found that maintaining stored 
material at solids levels above 95% helps to deter reheat­
ing because microbiological activity is halted. However, 
storage of materials approaching 90% total solids can lead 
to spontaneous combustion with subsequent fires and risk 
of explosion. While there is little likelihood of an explosion 
occurring with storage of materials like pellets, precaution­
ary measures such as maintaining proper oxygen levels 
and minimizing dust levels in storage silos and monitoring 
temperatures in material can reduce the risk of fires. 

Microbiological Requirements 
Heat dried biosolids must be tested for fecal coliform or 

Salmonella sp. at the last point before being used or dis­
posed. For example, biosolids should be tested immedi­
ately before they are bagged or before they leave the site 
for bulk distribution. If material is stored for a long period 
of time, it should be re-tested, even if previous testing has 
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shown the biosolids to have met the Part 503 regulation. 
This is particularly important if material has been rewetted. 

7.4 Heat Treatment
Heat treatment processes are used to disinfect sewage 

sludge and reduce pathogens to below detectable levels. 
The processes involve heating sewage sludge under pres­
sure for a short period of time. The sewage sludge be­
comes sterilized and bacterial slime layers are solubilized, 
making it easier to dewater the remaining sewage sludge 
solids. The Part 503 PFRP description for heat treatment 
is: 

• Liquid sewage sludge is heated to a temperature of
180°C (356°F) or higher for 30 minutes. 

Two processes have principally been used for heat treat­
ing sludge in preparation for dewatering: the Porteous and 
the Zimpro process. In the Porteous process the sewage 
sludge is preheated and then injected into a reactor ves­
sel. Steam is also injected into the vessel under pressure. 
The sewage sludge is retained in the vessel for approxi­
mately 30 minutes after which it is discharged to a decant 
tank. The resulting sewage sludge can generally be con­
centrated and dewatered to high solids concentrations. 
Further dewatering may be desirable to facilitate sewage 
sludge handling. 

The Zimpro process is similar to the Porteous process. 
However, air is injected into the sewage sludge before it 
enters the reactor and the vessel is then heated by steam 
to reach the required temperature. Temperatures and pres­
sures are approximately the same for the two processes. 

Vector Attraction Reduction 
Heat treatment in most cases must be followed by vec­

tor attraction reduction. Vector attraction reduction Options 
6 to 11 (pH adjustment, heat drying, or injection, incorpo­
ration, or daily cover) may be used (see Chapter 8). Op­
tions 1 through 5 would not typically be applicable to heat 
treated sludge unless the sludge was digested or other­
wise stabilized during or after heat treatment (e.g. through 
the use of wet air oxidation during heat treatment). 

Microbiological Requirements 
When operated according to the Part 503 requirements, 

the process effectively reduces pathogenic viruses, bac­
teria, and viable helminth ova to below detectable levels. 
Sewage sludge must be properly stored after processing 
because organic matter has not been reduced, and there­
fore, growth of bacteria can occur. 

Heat treated sewage sludge must be tested for fecal 
coliform or Salmonella sp. at the time of use or disposal or 
as it is prepared for sale or distribution. If heat treated 
biosolids are subsequently composted or otherwise treated, 
pathogen testing should take place after that processing 
is complete. 

7.5 Thermophilic Aerobic Digestion
Thermophilic aerobic digestion is a refinement of the 

conventional aerobic digestion processes discussed in 

Section 6.2. In this process, feed sewage sludge is gener­
ally pre-thickened and an efficient aerator is used. In some 
modifications, oxygen is used instead of air. Because there 
is less sewage sludge volume and less air to carry away 
heat, the heat released from biological oxidation warms 
the sewage sludge in the digester to as high as 60°C 
(140°F). 

Because of the increased temperatures, this process 
achieves higher rates of organic solids reduction than are 
achieved by conventional aerobic digestion which oper­
ates at ambient air temperature. The biodegradable vola­
tile solids content of the sewage sludge can be reduced 
by up to 70% in a relatively short time. The digested sew­
age sludge is effectively pasteurized due to the high tem­
peratures. Pathogenic viruses, bacteria, viable helminth 
ova and other parasites are reduced to below detectable 
limits if the process is carried out at temperatures exceed­
ing 55°C (131°F). 

This process can either be accomplished using auxiliary 
heating of the digestion tanks or through special designs 
that allow the energy naturally released by the microbial 
digestion process to heat the sewage sludge. The Part 
503 PFRP description of thermophilic aerobic digestion is: 

•	 Liquid sewage sludge is agitated with air or oxygen to 
maintain aerobic conditions and the mean cell resi­
dence time of the sewage sludge is 10 consecutive 
days at 55°C to 60°C (131°F to 140°F). 

The thermophilic process requires significantly lower 
residence times (i.e., solids retention time) than conven­
tional aerobic processes designed to qualify as a PSRP, 
which must operate 40 to 60 days at 20°C to 15°C (68°F 
to 59°F), respectively. Residence time is normally deter­
mined by dividing the volume of sewage sludge in the ves­
sel by the volumetric flow rate. Facility operation should 
minimize the potential for bypassing by withdrawing treated 
sewage sludge before feeding, and feeding no more than 
once a day. 

In the years following the publication of the Part 503 regu­
lation, advances in thermophilic digestion have been made. 
It should be noted, however, that complete-mix reactors 
with continuous feeding may not be adequate to meet Class 
A pathogen reduction because of the potential for bypass­
ing or short-circuiting of untreated sewage sludge. 

Vector Attraction Reduction 
Vector attraction reduction must be demonstrated. Al­

though all options, except Options 2, 4, and 12 are pos­
sible, Options 1 and 3 which involve the demonstration of 
volatile solids loss are the most suitable. (Option 2 is ap­
propriate only for anaerobically digested sludge, and Op­
tion 4 is not possible because it is not yet known how to 
translate SOUR measurements obtained at high tempera­
tures to 20°C [68°F].) 

Thermophilically aerobically digested biosolids must be 
tested for fecal coliform or Salmonella sp. at the time of 
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use or disposal or as it is prepared for sale or distribution. 
If digested biosolids are subsequently composted or oth­
erwise treated, pathogen testing for either fecal coliform 
or Salmonella sp. should take place after processing is 
complete. 

7.6 Beta Ray and Gamma Ray Radiation
Radiation can be used to disinfect sewage sludge. Ra­

diation destroys certain organisms by altering the colloidal 
nature of the cell contents (protoplasm). Gamma rays and 
beta rays are the two potential energy sources for use in 
sewage sludge disinfection. Gamma rays are high-energy 
photons produced by certain radioactive elements. Beta 
rays are electrons accelerated in velocity by electrical po­
tentials in the vicinity of 1 millions volts. Both types of ra­
diation destroy pathogens that they penetrate if the doses 
are adequate. The Part 503 PFRP descriptions for irradia­
tion systems are: 

Beta Ray Irradiation 

• Sewage sludge is irradiated with beta rays from an
accelerator at dosages of at least 1.0 megarad at room 
temperature (ca. 20°C [68°F]). 

Gamma Ray Irradiation 

• Sewage sludge is irradiated with gamma rays from
certain isotopes, such as Cobalt 60 and Cesium 137 
[at dosages of at least 1.0 megarad] at room tempera­
ture (ca. 20°C [68°F]). 

The effectiveness of beta radiation in reducing patho­
gens depends on the radiation dose, which is measured in 
rads. A dose of 1 megarad or more will reduce pathogenic 
viruses, bacteria, and helminths to below detectable lev­
els. Lower doses may successfully reduce bacteria and 
helminth ova but not viruses. Since organic matter has not 
been destroyed with processing, sewage sludge must be prop­
erly stored after processing to prevent contamination. 

Although the two types of radiation function similarly to 
inactivate pathogens, there are important differences. 
Gamma rays can penetrate substantial thicknesses of sew­
age sludge and can therefore be introduced to sewage 
sludge by either piping liquid sewage sludge into a vessel 
that surrounds the radiation source (Figure 7-1) or by car­
rying composted or dried sewage sludge by hopper con­
veyor to the radiation source. Beta rays have limited pen­
etration ability and therefore are introduced by passing a 
thin layer of sewage sludge under the radiation source 
(Figure 7-2). 

Vector Attraction Reduction 
Radiation treatment must be followed by vector attrac­

tion reduction. The appropriate options for demonstrating 
vector attraction reduction are the same as for heat treat­
ment (see Section 7.4), namely Options 6 to 11. Options 
1-5 are not applicable unless the sewage sludge is subse­
quently digested. 

Microbiological Requirements 
Irradiated sewage sludge must be tested for fecal coliform 

or Salmonella sp. at the time of use or disposal or as it is 
prepared for sale or distribution. 

7.7 Pasteurization
Pasteurization involves heating sewage sludge to above 

a predetermined temperature for a minimum time period. 
For pasteurization, the Part 503 PFRP description is: 

• The temperature of the sewage sludge is maintained
at 70°C (158°F) or higher for 30 minutes or longer. 

Vent 
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Figure 7-1. Schematic representation of cobalt-60 (gamma ray) 
irradiation facility at Geiselbullach, Germany. Source: 
EPA. 1979. 
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Figure 7-2. Beta ray scanner and sludge spreader. Source: EPA,1979. 
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Pasteurization reduces bacteria, enteric viruses, and vi­
able helminth ova to below detectable values. Sewage 
sludge can be heated by heat exchangers or by steam 
injection. Although sewage sludge pasteurization is uncom­
mon in the United States, it is widely used in Europe. The 
steam injection method is preferred because it is more ef­
fective at maintaining even temperatures throughout the 
sewage sludge batch being processed. Sewage sludge is 
pasteurized in batches to prevent recontamination that 
might occur in a continuous process. Sewage sludge must 
be properly stored after processing because the organic 
matter has not been stabilized and therefore odors and 
growth of pathogenic bacteria can occur if sewage sludge 
is re-inoculated. 

In theory, quicklime can be used to meet the require­
ments for pasteurization of sewage sludge. The water in 
the sludge slakes the lime, forming calcium hydroxide, and 
generates heat. However, it is difficult to ensure that the 
entire mass of sewage sludge comes into contact with the 
lime and achieves the required 70°C for 30 minutes. This 
is particularly true for dewatered sewage sludges. Pro­
cesses must be designed to 1) maximize contact between 
the lime and the sewage sludge, 2) ensure that adequate 
moisture is present, 3) ensure that heat loss is minimal, 
and 4) if necessary, provide an auxiliary heat source. Pas­
teurization cannot be accomplished in open piles. 

In addition, in order for pasteurization to be conducted 
properly, facility operators must be trained with regard to 
1) the proper steps to be taken to ensure complete hydra­
tion of the alkaline reagent used, 2) the evaluation of the 
slaking rate of the lime-based alkaline material required 
for their particular process, specifying the reactivity rate 
required, 3) the proper measurement of pH, 4) an aware­
ness of the effect of ammonia gassing off and how this 
affects the lime dose, and 5) the necessity for maintaining 
sufficient moisture in the sewage sludge/alkaline mixture 
during the mixing process to ensure the complete hydra­
tion of the quicklime and migration of hydroxyl ions through­
out the sewage sludge mass. This is to ensure that the 
entire sewage sludge mass is disinfected. 

EPA-sponsored studies showed that pasteurization of 
liquid sewage sludge at 70°C (158°F) for 30 minutes inac­
tivates parasite ova and cysts and reduces the population 
of measurable viruses and pathogenic bacteria to below 
detectable levels (U.S. EPA, 1979). This process is based 
on the pasteurization of milk which must be heated to at 
least 63°C (145°F) for at least 30 minutes. 

Vector Attraction Reduction 
Pasteurization must be followed by a vector attraction 

reduction process unless the vector attraction reduction 
conditions of Option 6 (pH adjustment) have been met. 
The options appropriate for demonstrating vector attrac­
tion reduction are the same as those for heat treatment 
(see Section 10.4), namely Options 6 to 11. Options 1 to 5 
are not applicable unless the sludge is subsequently di­
gested. 

Microbiological Requirements 
Pasteurized sludge must be tested for fecal coliform or 

Salmonella sp. at the time of use or disposal or as it is 
prepared for sale or distribution. In Europe, serious prob­
lems with regrowth of Salmonella sp. have occurred, so 
pasteurization is rarely used now as a terminal treatment 
process. Pre-pasteurization followed by mesophilic diges­
tion has replaced the use of pasteurization after digestion 
in many European communities. 

7.8 Equivalent Processes
Under Class A Alternative 6, sewage sludge treated in 

processes that are determined to be equivalent to PFRP 
are considered to be Class A with respect to pathogens 
(assuming the treated sewage sludges also meet the Class 
A microbiological requirement). Table 11-2 in Chapter 11 
lists some of the processes that were found, based on the 
recommendation of EPA’s Pathogen Equivalency Commit­
tee, to be equivalent to PFRP under Part 257. Chapter 11 
discusses how the PEC makes a recommendation of 
equivalency. 
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Chapter 8

Requirements for Reducing Vector Attraction


8.1 Introduction
The pathogens in sewage sludge pose a disease risk 

only if there are routes by which the pathogens are brought 
into contact with humans or animals. A principal route for 
transport of pathogens is vector transmission. Vectors are 
any living organism capable of transmitting a pathogen 
from one organism to another either mechanically (by sim­
ply transporting the pathogen) or biologically by playing a 
specific role in the life cycle of the pathogen. Vectors for 
sewage sludge pathogens would most likely include in­
sects, rodents, and birds. 

Suitable methods for measuring vector attraction directly 
are not available. Vector attraction reduction is accom­
plished by employing one of the following: 

• Biological processes which breakdown volatile solids,
reducing the available food nutrients for microbial ac­
tivities and odor producing potential 

• Chemical or physical conditions which stop microbial
activity

 • Physical barriers between vectors and volatile solids
in the sewage sludge 

At the present time there is no vector attraction equiva­
lency committee that evaluates other options for vector 
attraction reduction. The creation of one is being consid­
ered. The specific options outlined in the Part 503 regula­
tion are currently the only available means for demonstrat­
ing vector attraction reduction. 

The term “stability” is often used to describe sewage 
sludge. Although it is associated with vector attraction re­
duction, stability is not regulated by the Part 503 Rule. With 
regard to sewage sludge, stability is generally defined as 
the point at which food for rapid microbial activity is no 
longer available. Sewage sludge which is stable will gen­
erally meet vector attraction reduction (VAR) requirements. 
The converse is not necessarily true; meeting VAR require­
ments does not ensure sewage sludge stability. Because 
stability is also related to odor generation and the contin­
ued degradation of sewage sludge, it is often considered 
an important parameter when producing biosolids for sale 
or distribution. Table 8-1 lists some of the common meth­
ods for measuring stability. 

Table 8-1. Stability Assessment 

Process Monitoring Methods 

Composting	 CO2 respiration, O2 uptake 

Heat Drying	 Moisture content 

Alkaline Stabilization	 pH; pH change with storage; moisture; 
ammonia evolution; temperature 

Aerobic Digestion	 SOUR; volatile solids reduction, additional 
volatile solids reduction 

Anaerobic Digestion	 Gas production; volatile solids reduction, 
additional volatile solids reduction 

More information on stability can be found in the WERF 
publication, “Defining Biosolids Stability: A Basis for Public 
and Regulatory Acceptance” (1997).

The Part 503 regulation contains 12 options, described 
below and summarized in Table 8-2, for demonstrating a 
reduction in vector attraction of sewage sludge. These re­
quirements are designed to either reduce the attractive­
ness of sewage sludge to vectors (Options 1 through 8 
and Option 12) or prevent the vectors from coming in con­
tact with the sewage sludge (Options 9 through 11). 

Guidance on when and where to sample sewage sludge 
to meet these requirements is provided in Chapter 10. 

As mentioned in Chapter 3, meeting the vector attrac­
tion reduction requirements must be demonstrated sepa­
rately from meeting the pathogen reduction requirements. 
Therefore, demonstration of vector attraction reduction 
(e.g., through reduction of volatile solids by 38% as de­
scribed below) does not demonstrate achievement of 
pathogen reduction. It should be noted that for Class A 
biosolids, vector attraction reduction must be met after or 
concurrent with pathogen reduction to prevent growth of 
pathogenic bacteria. 

8.2 Option 1: Reduction in Volatile Solids
Content [503.33(b)(1)] 

This option is intended for use with biological treatment 
systems only. Under Option 1, reduction of vector attrac­
tion is achieved if the mass of volatile solids in the sewage 
sludge is reduced by at least 38%. This is the percentage 
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Table 8-2.  Vector Attraction Reduction Options 

Requirement What is Required? Most Appropriate For: 

Option 1 At least 38% reduction in volatile solids during 
503.33(b)(1) sewage sludge treatment 

Option 2	 Less than 17% additional volatile solids loss during 
503.33(b)(2)	 bench-scale anaerobic batch digestion of the sewage 

sludge for 40 additional days at 30°C to 37°C 
(86°F to 99°F) 

Option 3 Less than 15% additional volatile solids reduction during 
503.33(b)(3) bench-scale aerobic batch digestion for 30 additional days 

at 20°C (68°F) 

Option 4 SOUR at 20°C (68°F) is ≤1.5 mg oxygen/hr/g total 
503.33(b)(4) sewage sludge solids 

Option 5 Aerobic treatment of the sewage sludge for at least 14 
503.33(b)(5) days at over 40°C (104°F) with an average temperature 

of over 45°C (113°F) 

Option 6 Addition of sufficient alkali to raise the pH to at least 12 
503.33(b)(6) at 25°C (77°F) and maintain a pH ≥12 for 2 hours and a 

pH≥11.5 for 22 more hours 

Option 7 Percent solids ≥ 75% prior to mixing with other materials
503.33(b)(7) 

Option 8 Percent solids ≥90% prior to mixing with other materials 
503.33(b)(8) 

Option 9	 Sewage sludge is injected into soil so that no significant 
503.33(b)(9)	 amount of sewage sludge is present on the land surface 

1 hour after injection, except Class A sewage sludge 
which must be injected within 8 hours after the pathogen 
reduction process 

Option 10	 Sewage sludge is incorporated into the soil within 6 hours 
503.33(b)(10)	 after application to land or placement on a surface disposal 

site, except Class A sewage sludge which must be applied 
to or placed on the land surface within 8 hours after the 
pathogen reduction process 

Option 11 Sewage sludge placed on a surface disposal site must be 
503.33(b)(11) covered with soil or other material at the end of each 

operating day 

Option 12 p H of domestic septage must be raised to ≥12 at 25°C 
503.33(b)(12) (77°F) by alkali addition and maintained ≥ 12 for 30 

minutes without adding more alkali 

Sewage sludge processed by: 
Anaerobic biological treatment 
Aerobic biological treatment 

Only for anaerobically digested sewage sludge that 
cannot meet the requirements of Option 1 

Only for aerobically digested liquid sewage sludge with 
2% or less solids that cannot meet the requirements of 
Option 1 - e.g., sewage sludges treated in extended 
aeration plants. Sludges with 2% solids must be 
diluted 

Liquid sewage sludges from aerobic processes run at 
temperatures between 10 to 30°C. (should not be used 
for composted sewage sludges) 

Composted sewage sludge (Options 3 and 4 are likely 
to be easier to meet for sewage sludges from other 
aerobic processes) 

Alkali-treated sewage sludge (alkaline materials include 
lime, fly ash, kiln dust, and wood ash) 

Sewage sludges treated by an aerobic or anaerobic 
process (i.e., sewage sludges that do not contain 
unstabilized solids generated in primary wastewater 
treatment) 

Sewage sludges that contain unstabilized solids 
generated in primary wastewater treatment (e.g., heat-
dried sewage sludges) 

Sewage sludge applied to the land or placed on a 
surface disposal site. Domestic septage applied to 
agricultural land, a forest, or a reclamation site, or 
placed on a surface disposal site 

Sewage sludge applied to the land or placed on a 
surface disposal site. Domestic septage applied to 
agricultural land, forest, or a reclamation site, or placed 
on a surface disposal site 

Sewage sludge or domestic septage placed on a 
surface disposal site 

Domestic septage applied to agricultural land, a forest, 
or a reclamation site or placed on a surface disposal 
site 

of volatile solids reduction that can generally be attained 
by the “good practice” recommended conditions for 
anaerobic digestion of 15 days residence time at 35°C 
[95°F] in a completely mixed high-rate digester. The per­
cent volatile solids reduction can include any additional 
volatile solids reduction that occurs before the biosolids 

leave the treatment works, such as might occur when the 
sewage sludge is processed on drying beds or in lagoons. 

The starting point for measuring volatile solids in sew­
age sludge is at the point at which sewage sludge enters a 
sewage sludge treatment process. This can be problem­
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atic for facilities in which wastewater is treated in systems 
like oxidation ditches or by extended aeration. Sewage 
sludges generated in these processes are already sub­
stantially reduced in volatile solids content by their long 
exposure to oxidizing conditions in the process. If sewage 
sludge removed from these processes is further treated 
by anaerobic or aerobic digestion to meet VAR require­
ments, it is unlikely that the 38% reduction required to meet 
Option 1 can be met. In these cases, use of Options 2, 3, 
or 4 is more appropriate. 

The end point where volatile solids are measured to cal­
culate volatile solids losses can be at any point in the pro­
cess. Because volatile solids continue to degrade through­
out sewage sludge treatment, it is recommended that 
samples be taken at the end point of treatment. 

Volatile solids reduction is calculated by a volatile solids 
balance around the digester or by the Van Kleeck formula 
(Fisher, 1984). Guidance on methods of calculation is pro­
vided in Appendix C. 

Volatile solids reduction is typically achieved by anaero­
bic or aerobic digestion. These processes degrade most 
of the biodegradable material to lower activity forms. Any 
biodegradable material that remains characteristically de­
grades so slowly that vectors are not drawn to it. 

8.3 Option 2: Additional Digestion of
Anaerobically Digested Sewage Sludge 
[503.33(b)(2)] 

Under this option, an anaerobically digested sewage 
sludge is considered to have achieved satisfactory vector 
attraction reduction if it loses less than 17% additional vola­
tile solids when it is anaerobically batch-digested in the 
laboratory in a bench-scale unit at 30°C  to 37°C (86°F  to 
99°F)  for an additional 40 days. Procedures for this test 
are presented in Appendix D. As noted in Appendix D, the 
material balance method for calculating additional volatile 
solids reduction will likely show greater reductions than 
the Van Kleeck method. 

Frequently, return activated sludges have been recycled 
through the biological wastewater treatment section of a 
treatment works or have resided for long periods of time in 
the wastewater collection system. During this time they 
undergo substantial biological degradation. If they are sub­
sequently treated by anaerobic digestion for a period of 
time, they are adequately reduced in vector attraction, but 
because they entered the digester with volatile solids al­
ready partially reduced, the volatile solids reduction after 
treatment is frequently less than 38%. The additional di­
gestion test is used to demonstrate that these sewage slud­
ges are indeed satisfactorily reduced in vector attraction. 

It is not necessary to demonstrate that Option 1 cannot 
be met before using Option 2 or 3 to comply with VAR 
requirements. 

This additional anaerobic digestion test may have utility 
beyond use for sewage sludge from the classical anaero­

bic digestion process. The regulation states that the test 
can be used for a previously anaerobically digested sew­
age sludge. One possible application is for sewage sludge 
that is to be removed from a wastewater lagoon. Such 
sewage sludge may have been stored in such a lagoon for 
many years, during which time it has undergone anaero­
bic digestion and lost most of its volatile solids. It is only 
recognized by the regulations as a sewage sludge when it 
is removed from the lagoon. If it were to be further pro­
cessed by anaerobic digestion, the likelihood of achieving 
38% volatile solids reduction is very low. The additional 
anaerobic digestion test which requires a long period of 
batch digestion at temperatures between 30°C and 37°C 
would seem to be an appropriate test to determine whether 
such a sewage sludge has the potential to attract vectors. 

8.4 Option 3: Additional Digestion of
Aerobically Digested Sewage Sludge 
[503.33(b)(3)] 

Under this option, an aerobically digested sewage sludge 
with 2% or less solids is considered to have achieved sat­
isfactory vector attraction reduction if it loses less than 15% 
additional volatile solids when it is aerobically batch-di-
gested in the laboratory in a bench-scale unit at 20°C (68°F) 
for an additional 30 days. Procedures for this test and the 
method for calculating additional volatile solids destruc­
tion are presented in Appendix D. The test can be run on 
sewage sludges up to 2% solids and does not require a 
temperature correction for sewage sludges not initially di­
gested at 20°C (68°F).  Liquid sludges with greater than 
2% solids can be diluted to 2% solids with unchlorinated 
effluent, and the test can then be run on the diluted sludge. 
This option should not be used for non-liquid sewage sludge 
such as dewatered cake or compost. 

This option is appropriate for aerobically digested sew­
age sludges that cannot meet the 38% volatile solids re­
duction required by Option 1. These include sewage slud­
ges from extended aeration and oxidation ditch processes, 
where the nominal residence time of sewage sludge leav­
ing the wastewater treatment processes section generally 
exceeds 20 days. In these cases, the sewage sludge may 
already have been substantially reduced in biological 
degradability prior to aerobic digestion. 

As was suggested for the additional anaerobic digestion 
test, the additional aerobic digestion test may have appli­
cation to sewage sludges that have been aerobically treated 
by other means than classical aerobic digestion. 

8.5 Option 4: Specific Oxygen Uptake Rate
(SOUR) for Aerobically Digested 
Sewage Sludge [503.33(b)(4)] 

For an aerobically digested sewage sludge with a total 
solids content equal to or less than 2% which has been 
processed at a temperature between 10°- 30°C, reduc­
tion in vector attraction can also be demonstrated using 
the SOUR test. The SOUR of the sewage sludge to be 
used or disposed must be less than or equal to 1.5 mg of 
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oxygen per hour per gram of total sewage sludge solids 
(dry weight basis) at 20°C (68°F).1 This test is based on 
the fact that if the aerobically treated sewage sludge con­
sumes very little oxygen, its value as a food source for 
vectors is very low and therefore vectors are unlikely to be 
attracted to it. Frequently aerobically digested sewage slud­
ges are circulated through the aerobic biological waste­
water treatment process for as long as 30 days. In these 
cases, the sewage sludge entering the aerobic digester is 
already partially digested, which makes it difficult to dem­
onstrate the 38% reduction required by Option 1. 

The oxygen uptake rate depends on the conditions of 
the test and, to some degree, on the nature of the original 
sewage sludge before aerobic treatment. The SOUR test 
should not be used on sewage sludge products such as 
heat or air dried sludge or compost. Because of the reduc­
tion of microbial populations that occur in these processes, 
the SOUR results are not accurate and should not be used. 
SOUR testing on sewage sludges with a total solids con­
tent below 0.5% may give inaccurately high results. Farrell, 
et al. (1996) cite the work of several investigators indicat­
ing such an effect. Farrell, et al. (1996) also note that stor­
age for up to two hours did not cause a significant change 
in the SOUR measurement. It is therefore suggested that 
a dilute sewage sludge could be thickened to a solids con­
tent less than 2% solids and then tested, provided that the 
thickening period is not in excess of two hours. 

The SOUR test requires a poorly defined temperature 
correction at temperatures differing substantially from 20°C 
(68°F). SOUR cannot be applied to sewage sludges di­
gested outside the 10-30°C range (50-86°F). The actual 
temperature of the sewage sludge tested cannot be ad­
justed because temperature changes can cause short-term 
instability in the oxygen uptake rate (Benedict, et al. (1973); 
Farrell, et al. [1996]), and this would invalidate the results 
of the test. Guidance on performing the SOUR test and on 
sewage sludge-dependent factors are provided in Appen­
dix D. 

It should be noted that the limit on the use of the SOUR 
test for sewage sludges at different solids and tempera­
ture levels is due to the lack of research and data on differ­
ent sewage sludges. EPA encourages the collection of 
SOUR data for different sewage sludges so that at some 
point, Option 4 may be expanded to include more sewage 
sludge materials. 

1SOUR is defined in Part 503 as the mass of oxygen consumed per unit time per 
unit mass of total solids (dry weight basis) in the sewage sludge. SOUR is usually 
based on total suspended volatile solids rather than total solids because it is as­
sumed that it is the volatile matter in the sewage sludge that is being oxidized. The 
SOUR definition in Part 503 is based on the total solids primarily to reduce the 
number of different determinations needed and for consistency with application 
rates,  which are measured in total solids per unit area. Generally, the range in the 
ratio of volatile solids to total solids in aerobically digested sewage sludges is not 
large. The SOUR based on total solids will merely be slightly lower than if it had 
been based on volatile suspended solids to indicate the same endpoint. 

8.6 Option 5: Aerobic Processes at Greater
Than 40°C [503.33(b)(5)] 

The sewage sludge must be aerobically treated for 14 
days or longer during which time the temperature must be 
over 40°C (104°F) and the average temperature higher than 
45°C (113°F). This option applies primarily, but not exclu­
sively, to composted sewage sludge. These processed 
sewage sludges generally contain substantial amounts of 
partially decomposed organic bulking agents, in addition 
to sewage sludge. This option must be used for composted 
sewage sludge; other options are either not appropriate or 
have not adequately been investigated for use with com­
post. 

The Part 503 regulation does not specifically mention or 
limit this option to composting. This option can be applied 
to sewage sludge from other aerobic processes such as 
aerobic digestion as long as temperature requirements can 
be met and the sewage sludge is maintained in an aerobic 
state for the treatment period, but other methods such as 
Options 3 and 4 are likely to be easier to meet for these 
sewage sludges. 

If composting is used to comply with Class A pathogen 
requirements, the VAR time-temperature regime must be 
met along with or after compliance with the pathogen re­
duction time-temperature regime. 

8.7 Option 6: Addition of Alkali
[503.33(b)(6)] 

Sewage sludge is considered to have undergone ad­
equate vector attraction reduction if sufficient alkali is added 
to: 

• Raise the pH to at least 12 

• Maintain a pH of at least 12 without addition of more 
alkali for 2 hours 

• Maintain a pH of at least 11.5 without addition of more 
alkali for an additional 22 hours 

pH should be measured in a slurry at 25°C. For more 
information on making a slurry, see Section 10.7. Either 
sewage sludge samples may be taken and heated or 
cooled to 25°C or results can be adjusted based on the 
ambient temperature where pH is measured and the fol­
lowing calculation: 
Correction Factor = 0.03 pH units X (Tmeas-25°C) 

1.0°C 

Actual pH = Measured pH +/- the Correction Factor 

T =  Temperature measured 

Example of Using the pH Correction Factor 
If the measured pH is 12.304 at 30°C, the actual pH can 
be calculated as follows: 

Correction Factor = 0.03 x (30-25) = +0.15 
Actual pH = 12.304 + 0.15 = 12.454 
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It should be noted that temperature compensation de­
vices on pH meters correct only for variations in the con­
ductance of pH probes, and not for the variability in solu­
tion concentration. Therefore, the temperature correction 
noted above should be applied to pH measurements, even 
if a pH meter with temperature settings is used. 

As noted in Section 5.6, the term “alkali” means a sub­
stance that causes an increase in pH. Raising sewage 
sludge pH through alkali addition reduces vector attrac­
tion by reducing or stopping biological activity. However, 
this reduction in biological activity is not permanent. If the 
pH drops, surviving bacteria become biologically active and 
the sewage sludge will again putrefy and potentially at­
tract vectors. The more soluble the alkali, the less likely it 
is that there will be an excess present when a pH of 12 is 
reached. Consequently, the subsequent drop in pH with 
time will be more rapid than if a less soluble alkali is used. 

The conditions required under this option are designed 
to ensure that the sewage sludge can be stored for at least 
several days at the treatment works, transported, and ap­
plied to soil without the pH falling to the point where bio­
logical activity results in vector attraction. The requirement 
of raising the pH to 12 increases the probability that the 
material will be used before pH drops to a level at which 
putrefaction can occur. The requirements for pH adjust­
ment of domestic septage are less stringent because it is 
unlikely that septage haulers will hold domestic septage 
for long periods of time. 

Raising the pH to 12 and maintaining this pH for two 
hours and a pH of 11.5 for an additional 22 hours ensures 
that the pH will stay at adequately high levels to prevent 
putrefaction before disposal in all but unusual cases. In 
any event, it is prudent in a timely manner to apply sludge 
in a thin layer or incorporate it into the soil for the preven­
tion of odors and vector attraction. 

More information on alkali addition and measurement of 
pH are included in Chapter 10. 

8.8 Option 7: Moisture Reduction of
Sewage Sludge Containing No 
Unstabilized Solids [503.33(b)(7)] 

Under this option, vector attraction is considered to be 
reduced if the sewage sludge does not contain unstabilized 
solids generated during primary wastewater treatment and 
if the solids content of the sewage sludge is at least 75% 
before the sewage sludge is mixed with other materials. 
Thus, the reduction must be achieved by removing water, 
not by adding inert materials. 

It is important that the sewage sludge not contain 
unstabilized solids because the partially degraded food 
scraps likely to be present in such a sewage sludge could 
attract birds, some mammals, and possibly insects, even 
if the solids content of the sewage sludge exceeds 75%. 

The way dried sewage sludge is handled or stored be­
fore use or disposal can create or prevent vector attrac­
tion. If dried sewage sludge is exposed to high humidity, 
the outer surface of the sewage sludge could equilibrate 
to a lower solids content and attract vectors. Proper man­
agement should be conducted to prevent this from hap­
pening. 

8.9 Option 8: Moisture Reduction of
Sewage Sludge Containing Unstabilized 
Solids [503.33(b)(8)] 

Vector attraction of any sewage sludge is considered to 
be reduced if the solids content of the sewage sludge is 
increased to 90% or greater. This extreme desiccation 
deters vectors in all but the most unusual situations. As 
noted for Option 7, the solids increase should be achieved 
by removal of water and not by dilution with inert solids. 
Drying to this extent severely limits biological activity and 
strips off or decomposes the volatile compounds that at­
tract vectors. 

Because sewage sludge meeting vector attraction re­
duction with this option may contain unstabilized solids, 
material that absorbs moisture or is rewet may putrefy and 
attract vectors. Proper storage and use of this material 
should be considered in order to prevent potential patho­
gen growth and vector attraction. 

8.10 Option 9: Injection [503.33(b)(9)] 
Vector attraction reduction can be achieved by injecting 

the sewage sludge below the ground. Under this option, 
no significant amount of the sewage sludge can be present 
on the land surface within 1 hour after injection, and, if the 
sewage sludge is Class A with respect to pathogens, it 
must be injected within 8 hours after discharge from the 
pathogen-reduction process. 

Injection of sewage sludge beneath the soil places a 
barrier of earth between the sewage sludge and vectors. 
The soil quickly removes water from the sewage sludge, 
which reduces the mobility and odor of the sewage sludge. 
Odor is usually present at the site during the injection pro­
cess, but it quickly dissipates when injection is complete. 

The special restriction requiring injection within 8 hours 
for Class A sewage sludge is needed because these sew­
age sludges are likely devoid of actively growing bacteria 
and are thus an ideal medium for growth of pathogenic 
bacteria (see Section 4.3). If pathogenic bacteria are 
present (survivors or introduced by contamination), their 
numbers increase slowly for the first 8 hours after treat­
ment, but after this period, their numbers can rapidly in­
crease. This kind of explosive growth is not likely to hap­
pen with Class B sludge because high densities of non­
pathogenic bacteria are present which suppresses the 
growth of pathogenic bacteria. In addition, the use of Class 
B biosolids requires site restrictions which reduce the risk 
of public exposure to pathogens. Consequently, this spe­
cial requirement is not needed for Class B biosolids 
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8.11	 Option 10: Incorporation of Sewage 
Sludge into the Soil [503.33(b)(10)] 

Under this option, sewage sludge applied to the land 
surface or placed on a surface disposal site must be incor­
porated into the soil within 6 hours after application to or 
placement on the land. If the sewage sludge is Class A 
with respect to pathogens, the time between processing 
and incorporation after application or placement must not 
exceed 8 hours --- the same as for injection under Option 
9. 

When applied at agronomic rates, the loading of sew­
age sludge solids typically is about 1/100th or less of the 
mass of soil in the plow layer (approximately the top six 
inches of soil). If mixing is reasonably good, the dilution of 
sewage sludge in the soil surface is equivalent to that 
achieved with soil injection. Odor will be present and vec­
tors will be attracted temporarily, as the sewage sludge 
dewaters on the soil surface. This attraction diminishes 
and is virtually eliminated when the sewage sludge is mixed 
with the soil. The mixing method applies to liquid sewage 
sludges, dewatered sewage sludge cake, and even to dry 
sewage sludges that have not already met the vector at­
traction reduction requirements of the regulation by one of 
the other options. 

The 6 hours allowed to complete the mixing of sewage 
sludge into the soil should be adequate to allow for proper 
incorporation. As a practical matter, it may be wise to com­
plete the incorporation in a much shorter time. Clay soils 
tend to become unmanageably slippery and muddy if the 
liquid sewage sludge is allowed to soak into the first inch 
or two of topsoil. 

8.12	 Option 11: Covering Sewage Sludge 
[503.33(b)(11)] 

Under this option, sewage sludge placed on a surface 
disposal site must be covered with soil or other material at 
the end of each operating day. Daily covering reduces vec­
tor attraction by creating a physical barrier between the 
sewage sludge and vectors, while environmental factors 
work to reduce pathogens. 

8.13	 Option 12: Raising the pH of 
Domestic Septage [503.33(b)(12)] 

This option applies only to domestic septage applied to 
agricultural land, forest, a reclamation site, or surface dis­
posal site. Vector attraction is reduced if the pH is raised 
to at least 12 through alkali addition and maintained at 12 
or higher for 30 minutes without adding more alkali. (These 
conditions also accomplish pathogen reduction for domes­
tic septage--see Section 5.6.) When this option is used, 
every container (truckload) must be monitored to demon­
strate that it meets the requirement. As noted in Section 
5.6, “alkali” refers to a substance that causes an increase 
in pH. 

This vector attraction reduction requirement is slightly 
less stringent than the alkali addition requirement for sew­

age sludge. The method is geared to the practicalities of 
the use or disposal of domestic septage, which is typically 
treated by lime addition in the domestic septage hauling 
truck. The treated septage is typically applied to the land 
shortly after lime addition. During the very short time inter­
val, the pH is unlikely to fall to a level at which vector at­
traction could occur. 

If domestic septage is not applied soon after pH adjust­
ment, it is recommended that pH be retested, and addi­
tional alkali be added to the domestic septage to raise the 
pH to 12 if necessary. Alternatively, if pH  has dropped and 
the domestic septage begins to putrefy, it is advisable to 
cover or incorporate the domestic septage in order to pre­
vent vector attraction. 

8.14	 Number of Samples and Timing 
Unlike pathogenic bacteria, volatile solids cannot regen­

erate once they are destroyed, so samples can be taken 
at any point along the process. However, since volatile 
solids are destroyed throughout treatment, it is recom­
mended that samples be taken at the end of processing. 

Facilities which use Option 2 or 3 to demonstrate vector 
attraction reduction must schedule sampling to leave ample 
time to complete the laboratory tests before sewage sludge 
is used or disposed. A suggested procedure would be to 
take several samples at evenly spaced time intervals dur­
ing the period between the required monitoring dates and 
calculate running averages comprised of at least four vola­
tile solids results. This has the advantage of not basing 
the judgement that the process is performing adequately 
(or inadequately) on one or two measurements that could 
be erroneous because of experimental error or a poorly 
chosen sample inadvertently taken during a brief process 
upset. It also provides an important quality control mea­
sure for process operations. Since the Part 503 regulations 
do not specify a sampling program, it is recommended that 
sewage sludge preparers consult with the regulatory au­
thority with regard to sampling schedules. 

8.15 Vector Attraction Reduction
Equivalency 

Many of the vector attraction reduction tests are time 
consuming and inconvenient, particularly for small treat­
ment plants that do not have a laboratory. Efforts to define 
new, simpler methods for measuring vector attraction are 
on-going. 

Since it is infeasible to measure the actual attraction of 
vectors, given the large number of variables, methodology 
development must continue to focus on the cause of vec­
tor attraction, namely the availability of a food source (vola­
tile solids) or odor. The tests to measure the attractants 
may vary depending on the technology by which the sew­
age sludge is processed. 

Some of the parameters which might be used to mea­
sure vector attraction may include gas production or mea­
sures of microbial activity. For example, several methods 
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which measure carbon dioxide evolution or reheating po­
tential are currently in use to measure compost stability, 
but these methods must be examined more closely to de­
termine if they can be applied to other forms of sewage 
sludge and if results can be adequately correlated to vec­
tor attraction. 

The responsibility to eventually develop additional vec­
tor attraction reduction test protocols lies with the scien­
tific community and the sewage sludge industry. Since there 
is currently no standard procedure for considering VAR 
equivalency, new methods must be submitted to the EPA 
for consideration and potential inclusion in the next rule-
making effort. 
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Chapter 9

Sampling Procedures and Analytical Methods


9.1 Introduction
Many of the Part 503 Subpart D pathogen and vector 

attraction reduction requirements call for monitoring and 
analysis of the sewage sludge to ensure that microbiologi­
cal quality and vector attraction reduction meet specified 
requirements (see Chapters 4 to 6 for a description of the 
requirements).The purpose of this chapter is to describe 
procedures for obtaining representative samples and en­
suring their quality and integrity. It also summarizes the 
analytical methods required under Part 503, and directs 
the reader to other sections of this document that describe 
some of those methods. 

Sampling personnel will also benefit from reading ex­
panded presentations on the subject. “Standard Methods” 
(APHA, 1992),  “Principles of Environmental Sampling” 
(Keith, 1988),  “Samplers and Sampling Procedures for 
Hazardous Waste Streams” (EPA, 1980), "Sludge Sam­
pling and Analysis Guidance Document” (EPA, 1993) and 
ASTM Standard E 300-86, “Standard Practice for Sam­
pling Industrial Chemicals” (ASTM, 1992a)  are highly rec­
ommended. The latter publication provides an in-depth 
description of available sampling devices and procedures. 

When referring to other publications, it is important to
note that most guidance on specific sampling techniques 
is directed toward chemical analysis. Procedures described 
may be inappropriate for microbiological sampling because 
they expose the samples to possible contamination, or may 
be appropriate only after some modification to reduce the 
risk of microbial contamination during sampling. 

9.2 Laboratory Selection
A very important, but often overlooked component of 

pathogen and vector attraction monitoring is selecting an 
appropriate analytical laboratory. The analysis of sewage 
sludge or biosolids for indicator and pathogenic organisms 
is more complex than water analysis. Solid samples such 
as biosolids are prepared differently than water samples 
and also typically contain a much higher background mi­
crobial population than water contains. Biosolids products 
such as compost can be very heterogeneous, requiring 
special sample preparation procedures. It is therefore im­
portant to use a laboratory that has developed an exper­
tise through the routine analysis of biosolids products. 
Regional and state sludge coordinators should be con­
tacted for assistance in selecting a qualified laboratory. 

To ensure that a laboratory has adequate experience 
with biosolids analyses, the following information should 
be obtained and reviewed. 

• For how long has the laboratory been analyzing 
biosolids for the specified parameters? 

• Approximately how many biosolids samples does the
laboratory analyze per week or month? 

• For how many wastewater treatment facilities is the
laboratory conducting the specified analyses? 

• A list of references.

• Does the laboratory have a separate and distinct mi-
crobiology lab? 

• Does the laboratory have microbiologists on staff?
Request and review their resumes.

 • Who will actually perform the analyses?

• Is the laboratory familiar with the analytical procedures
including sample preparation, holding times, and QA/ 
QC protocols? 

A laboratory tour and reference check are also recom­
mended. A good laboratory should be responsive, provid­
ing requested technical information in a timely manner. It 
is the biosolids generator’s responsibility to provide accu­
rate analytical results. Consequently, the selection of an 
appropriate laboratory is an important component of de­
veloping a biosolids monitoring plan. 

9.3 Safety Precautions
Sewage sludges that are being sampled should be pre­

sumed to contain pathogenic organisms, and should be 
handled appropriately. Both the sampler and the person 
carrying out the microbiological analysis must take appro­
priate precautions. Safety precautions that should be taken 
when sampling and when analyzing the samples are dis­
cussed in Standard Methods (APHA, 1992) in Sections 
1060A  and 1090C. 

Individuals performing sampling (usually employees of 
wastewater treatment works) should receive training in the 
microbiological hazards of sewage sludge and in safety 
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precautions to take when sampling. Laboratory personnel 
should be aware that the outside of every sample con­
tainer is probably contaminated with microorganisms, some 
of which may be pathogens. Personal hygiene and labo­
ratory cleanliness are also extremely important. Several 
safety practices that should be standard procedures dur­
ing sample collection and analysis are: 

• Gloves should be worn when handling or sampling
untreated sewage sludge or treated biosolids. 

• Personnel taking the samples should clean sample
containers, gloves, and hands before delivering the 
samples to others. 

• Hands should be washed frequently and always be-
fore eating, smoking, and other activities that involve 
hand-to-mouth contact.

 • Photocell-activated or foot-activated hand washing
stations are desirable to reduced spreading of con­
tamination to others. 

• Employees should train themselves to avoid touching
their lips or eyes. 

• Mouth pipetting should be forbidden.

• Smoking should not be allowed inside the lab.

Employees involved in sample collection (or any other 
activity where they are exposed to wastewater or sewage 
sludges) should review their immunization history. At a 
minimum, employees should be immunized against teta­
nus. However, employees should consider immunization 
for other diseases, particularly hepatitis A and B. Employ­
ees should also consider having a blood sample analyzed 
to determine if they still have active antibodies for the vari­
ous immunizations they received as children. 

Personnel analyzing sewage sludge or biosolids samples 
should receive training in awareness and safety concern­
ing biohazards. Because microbiological laboratories have 
safety programs, this subject is not covered in depth here. 
A facility’s sampling plan should include a section on mi­
crobiological hazards and appropriate safety practices or, 
alternatively, refer the reader to another document where 
this information is presented. 

9.4 Requirements for Sampling Equipment
and Containers 

Containers 
Sampling containers may be of glass or plastic that does 

not contain a plasticizer (Teflon, polypropylene, and poly­
ethylene are acceptable). Plastic bags are especially use­
ful for thick sewage sludges and free-flowing solids. Pre­
sterilized bags are available. Stainless steel containers are 
acceptable, but steel or zinc coated steel vessels are not 
appropriate. In addition to providing guidance on appropri­
ate containers for specific analyses, private analytical labo­
ratories will typically provide sample containers at no cost. 

Sampling containers used for microbiological analyses 
should be sterile. Sampling tools that come in contact with 
the actual sample should be constructed of stainless steel, 
which is easily cleaned, and sterilized. Tools made of wood, 
which is difficult to sterilize because of porosity, should not 
be used. 

Equipment 
The sampling equipment used is primarily dependent 

on the type of material being sampled. For relatively high 
solids content biosolids, a hand trowel or scoop may be 
adequate, whereas, collecting stratified samples from a 
lagoon requires more sophisticated and specialized equip­
ment. Automated sampling equipment, as commonly used 
for wastewater, should not be used. Such equipment can 
cause solids separation during sampling and is difficult to 
clean, resulting in cross contamination. Sampling equip­
ment should be constructed of non-corrosive materials, 
such as stainless steel, Teflon, or glass, that can be thor­
oughly cleaned. Sampling equipment should be dedicated 
for this task and should not be used for other applications. 
Equipment should be cleaned well with detergent and a 
nylon scrub brush after each use and stored inside in a 
dedicated location. The types of sampling equipment and 
their applications are presented in Table 9-1. The use of 
this equipment is discussed in greater detail in Sections 
9.6 and 9.7.

Sterilization 
The containers and tools used for sampling must be ster­

ilized if the biosolids product is to be analyzed for Class A 
microbiological parameters. Alternatively, pre-sterilized, 
disposable scoops, and other sampling devices can be 
purchased, alleviating the need to sterilize sampling equip­
ment. Conservative microbiological practice also requires 
sterilization of containers and sampling tools used for col­
lecting samples to be tested for meeting the Class B re­
quirements. Sample containers and equipment should be 
scrupulously cleaned prior to actual sample collection. Af­
ter the samples are collected, the sampling equipment 
should be cleaned well with soap and water and put away 
until the next sampling event. Equipment should be dedi­
cated to sampling and not used for other activities. Only 
equipment that touches the actual sample must be steril­
ized. Equipment such as shovels or heavy equipment used 
to access a sludge pile interior does not need to be steril­
ized, but should be clean, as long as another sterile sample 
collection device (such as a hand trowel) is used to ac­
cess and collect the actual sample. Sterilization is not re­
quired when collecting samples of sewage sludge to be 
used in vector attraction reduction tests, but all equipment 
must be clean. 

Either steam or a sterilizing solution such as sodium 
hypochlorite (household bleach) should be used for steril­
izing equipment. If bleach is used, equipment must be 
rinsed thoroughly in order to prevent residual bleach from 
having an effect on the microbial population in the sample. 
Equipment should be thoroughly washed with water, soap, 
and a brush prior to sterilization. If an autoclave or large 

66 



Table 9-1. Equipment Used for Collecting Sewage Sludge Samples 

Equipment Application 

Composite Liquid Waste	 The Coliwasa is a device employed to sample free-flowing sewage sludges contained in drums, shallow tanks, pits, 
Sampler (Coliwasa)	 and similar containers. It is especially useful for sampling wastes that consist of several immiscible liquid phases. 

The Coliwasa consists of a glass, plastic, or metal tube equipped with an end closure that can be opened and closed 
while the tube is submerged in the material to be sampled. 

Weighted Bottle	 This sampling device consists of a glass or plastic bottle, sinker, stopper, and a line that is used to lower, raise, and 
open the bottle. The weighted bottle is used for sampling free flowing sewage sludges and is particularly useful for 
obtaining samples at different depths in a lagoon. A weighted bottle with line is built to the specifications in ASTM 
Method D270 and E300. 

Dipper	 The dipper consists of a glass or plastic beaker clamped to the end of a two- or three-piece telescoping aluminum or 
fiberglass pole that serves as the handle. A dipper is used for obtaining samples of free flowing sewage sludges that 
are difficult to access. Dippers are not available commercially and must be fabricated. 

Sampling Thief	 A thief consists of two slotted concentric tubes, usually made of stainless steel or brass. The outer tube has a conical 
pointed tip that permits the sampler to penetrate the material being sampled. The inner tube is rotated to open and 
close the sampler. A thief is used to sample high solids content materials such as composted and heat dried biosolids 
for which particle diameter is less than one-third the width of the slots. Thief samplers are available from laboratory 
supply companies. 

Trier	 A trier consists of a tube cut in half lengthwise with a sharpened tip that allows the sampler to cut into sticky materials 
such as dewatered cake and lime stabilized biosolids. A trier samples moist or sticky solids with a particle diameter 
less than one-half the diameter of the trier. Triers 61 to 100 cm long and 1.27 to 2.54 cm in diameter are available 
from laboratory supply companies 

Auger	 An auger consists of sharpened spiral blades attached to a hard metal central shaft. An auger can be used to obtain 
samples through a cross section of a biosolids stockpile. Augers are available at hardware and laboratory supply 
stores. 

Scoops and Shovels	 Scoops are used to collect samples from sewage sludge or biosolids stockpiles, shallow containers, and conveyor 
belts. Stainless steel or disposable plastic scoops are available at laboratory supply houses. Due to the difficulty of 
sterilizing shovels and other large sampling equipment, this type of equipment should only be used for accessing the 
center of stockpiles and should not be used for collecting the actual sample. 

pressure cooker is available, enclose the sampling tool in 
a kraft paper bag and place the bag in the autoclave. A 
minimum period of 30 minutes at a temperature of 121°C 
is required for sterilization. The kraft paper bag keeps the 
sampling device from becoming contaminated in the field. 
A steam cleaner can also be used to sterilize sampling 
equipment. Place the equipment in a heat resistant plastic 
bucket and direct steam onto the equipment for a mini­
mum of 10 minutes. When done, place the sterilized equip­
ment in a kraft paper bag. 

Many facilities do not have an autoclave or steam clean­
ing equipment and will need to use a sterilizing solution to 
sterilize equipment. A 10% household bleach solution (1 
part bleach, 9 parts water) is readily available and works 
well. However, bleach is corrosive and may also affect the 
microbial population of a sample and does need to be ad­
equately removed from the equipment prior to sample col­
lection. Make up the 10% solution in a clean plastic bucket. 
Immerse each piece of clean equipment in the solution for 
a minimum contact time of a minute. Rinse the equipment 
in another bucket containing sterile or boiled water. Let 
the equipment air dry for a few minutes or dry with sterile 
paper or cloth towels. After drying, place the equipment in 
a paper bag. Sterile plastic bags obtained from a scientific 
equipment supplier can also be used for short-term sterile 
equipment storage. 

9.5 Sampling Frequency and Number of
Samples Collected 

The primary objective of biosolids monitoring is to as­
sure that all of the biosolids produced meet the regula­
tory requirements related to land application. It is obviously 
not feasible to sample and analyze every load of biosolids 
leaving a facility, nor is it necessary. However, a sampling 
plan does need to adequately account for the variability of 
the biosolids. This entails collecting samples at an adequate 
frequency and analyzing a sufficient number of samples. 
The minimum sampling frequency and number of samples 
to be analyzed are shown in 40 CFR Part 503. As shown 
in Table 3-4, the sample collection frequency is determined 
by the amount of biosolids used or disposed. 

The number of samples which must be analyzed for com­
pliance with Class A microbiological parameters is not 
specified, however, it is strongly recommended that mul­
tiple samples per sampling event be analyzed for biosolids. 
The number of samples taken must be sufficient to ad­
equately represent biosolids quality. It must be noted that 
for Class A biosolids, analytical results are not averaged: 
every sample analyzed must meet the Class A require­
ments.: “Either the density of fecal coliform in the sewage 
sludge must be less than 1,000 MPN per gram of total 
solids (dry weight basis), or the density of Salmonella sp. 
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bacteria in sewage sludge must be less than 3 MPN per 4 
grams of total solids (dry weight basis).” 

To meet Class B Alternative 1 requirements, seven 
samples must be taken and the geometric mean of results 
must meet the 2.0 x 106 MPN fecal coliform per dry gram 
limit (see Chapter 5). It is recommended that the samples 
be taken over a two-week period in order to adequately 
represent variability in the sewage sludge. 

The actual sampling and analysis protocol is typically 
developed by the facility and reported to the regulatory 
authority, which can require a more stringent sampling and 
analysis protocol than that stipulated in the Part 503 regu­
lation. In some cases, the regulatory authority may initially 
require a more stringent monitoring schedule which may 
be relaxed once product consistency is established. The 
biosolids preparer should carefully consider the treatment 
process, analytical variability, end-use, and other factors 
when determining the frequency and number of samples 
to be analyzed. Collecting samples more frequently or 
analyzing more samples will help to ensure the product 
meets the regulatory criteria and that pathogen and vector 
attraction reduction goals have been met. More informa­
tion on this subject is available in Chapter 10. 

It is recommended that additional sampling be conducted 
for heterogeneous biosolids products. A single grab sample 
may adequately represent the sewage sludge in a digester 
that is being mixed, but might not adequately represent 
several hundred yards of compost product stored in sev­
eral stockpiles. Likewise, a facility that conducts a single 
annual analysis should consider more frequent monitor­
ing, particularly if the analytical results from the annual 
analysis are near the regulatory limit. It is a facility’s re­
sponsibility and in the facility’s best interest to develop a 
monitoring plan that assures product quality. 

9.6 Sampling Free-Flowing Sewage
Sludges 

Sewage sludges below about 7% solids behave, at worst, 
like moderately viscous liquids such as an SAE 20 lubri­
cating oil. They flow freely under small pressure gradients, 
and flow readily into a sample bottle. They are heteroge­
neous, and concentration gradients develop upon stand­
ing. Generally settling is slow and is overcome by good 
mixing. 

Liquid sewage sludges may be flowing in pipes, under­
going processing, or stored in concrete or metal tanks, in 
tank cars or tank trucks, or in lagoons. This section de­
scribes procedures for sampling from these various situa­
tions, except for lagoons, which are discussed in Section 
9.7. 

Filling Containers 
Liquid sewage sludge samples are usually transferred 

into wide mouth bottles or flexible plastic containers. Sew­
age sludges can generate gases, and pressure may build 
up in the container. Consequently, the bottle or container 

is generally not filled. If the sewage sludge is to be used 
for the oxygen uptake test, the sample bottle should not 
be more than half full, to provide some oxygen for respira­
tion of the microorganisms in the sewage sludge. Con­
versely, if the sewage sludge is to be used for the addi­
tional anaerobic digestion test for vector attraction reduc­
tion, it is important that it not be exposed to oxygen more 
than momentarily. Consequently, sample bottles must be 
completely filled to the top. Bottles should have closures 
that can pop off, or else be made of flexible plastic that 
can both stretch and assume a spherical shape to relieve 
any internal pressure that develops. 

The containers used to collect the samples can be 
widemouth bottles that can be capped, or pails. If a pail is 
used and only part of its contents will be taken as a sample, 
the sample should be transferred to a bottle at the sam­
pling location. Preferably, the transfer should be made by 
use of a ladle rather than by pouring, since some settling 
can occur in the pail, particularly with primary or mixed 
sewage sludges of solids contents below about 3%. 

Collecting Liquid Sewage Sludge Samples 
If liquid sewage sludges are to be sampled, it is most 

desirable to sample them as they are being transferred 
from one vessel to another. Preferably this is done down­
stream of a pump that serves to mix the sewage sludge 
thoroughly. Ideally, the sample is taken through a probe 
facing upstream in the center of the discharge pipe and is 
withdrawn at the velocity of the liquid at the center-line of 
the pipe. This approach generally is not possible with sew­
age sludge, because fibrous deposits can build up on the 
probe and plug up the pipeline. 

Sampling through a side tap off the main discharge pipe 
is adequate only if the flow is turbulent and the sample 
point is over ten pipe diameters downstream from the pipe 
inlet (e.g., for a 3-inch [7.6-cm] pipe, 30 inches [76 cm] 
downstream) or the tap is downstream from a pump. For 
any kind of a slurry, the fluid at the wall contains fewer 
particles than the bulk of the fluid in the pipe. The sample 
should be withdrawn fast enough so that it minimizes the 
amount of thinned-out fluid from the outside pipe wall that 
enters the sample. 

If the sewage sludge discharges into the open as it is 
transferred from one vessel to another, it can be sampled 
by passing a sample container through the discharge. The 
container should be large enough to catch the whole dis­
charge during the sampling interval, rather than, for ex­
ample, just sampling the center or the edge of the dis­
charge. The sample container could be a pail or a beaker 
at the end of an extension arm. Sample volume should be 
about three times what is needed for the analyses planned. 

The collection of a representative sample often requires 
the use of time compositing procedures. For example, if a 
digester is being sampled during a withdrawal that takes 
about 15 minutes, a sample can be taken during the first, 
second, and third 5-minute period. The three separate 

68




samples should be brought back to the laboratory and 
composited into a single sample. If the sample is being 
analyzed for bacteria, viruses, or vector attraction reduc­
tion, the composite should be prepared within an hour of 
collecting the first individual grab sample. A longer time 
period might allow microbiological changes to occur in the 
first sample taken. Composite sampling over 24 hours is 
possible for viable helminth ova analysis, provided that the 
ova in the sample are not exposed to chemical or thermal
stress such as temperatures above 40°C (104°F) or cer­
tain chemicals such as ammonia, hydroxides, and oxidants. 

Sampling Sewage Sludge in Tanks 
The purpose of the sampling is to determine the proper­

ties of the entire mass of the sewage sludge, rather than, 
for example, to find out if there is a gradient in the property 
at various points in the tank. This requires that the tank be 
well-mixed, otherwise many subsamples must be taken 
throughout the tank and composited. Large tanks, even if 
they are well-mixed, have the potential for developing gra­
dients in composition. An enclosed tank such as an anaero­
bic digester must be sampled through pipelines entering 
the digester. A minimum of three taps on a side wall of the 
enclosed tank is recommended. The sample tap pipe 
should project several feet into the tank. Precautions must 
be taken to minimize contamination from sample collec­
tion lines. When a sample is taken, enough material must 
be withdrawn to thoroughly flush the line before the sample 
is collected. This helps flush any contaminants in the 
sample line and assure that a representative sample is 
collected from the tank. The sample line should be back-
flushed with water after the sample is withdrawn to clean 
out residual sewage sludge and prevent microbial growth. 
Sampling should be conducted when the tank is being 
agitated. An open tank such as an aerobic digester can be 
sampled by drawing a vacuum on a vacuum-filtering flask 
connected to a rigid tube lowered to the desired level in 
the tank. A weighted sampling bottle may also be used to 
sample the liquid at the desired depth in the tank (see ASTM 
E30086, Par. 21, in ASTM [1992a]). 

9.7 Sampling Thick Sewage Sludges
If sewage sludges are above 7% solids, they take on 

“plastic” flow properties; that is, they require a finite shear 
stress to cause flow. This effect increases as the solids 
content increases. Solids may thicken in lagoons to 15% 
solids. At these concentrations, they will not flow easily 
and require a substantial hydrostatic head before they will 
flow into a sample bottle. 

Sampling of sewage sludge stored in lagoons may be 
very difficult, depending on the objectives of sampling and 
the nature of the sewage sludge in the lagoon. The thick­
ened sewage sludge solids are generally nonuniformly dis­
tributed in all three dimensions. It is desirable first to map 
the distribution of depth with length and width to deter­
mine where the sampling should be concentrated. A length-
width grid should be established that takes the 
nonuniformity of the solids deposit into account. ASTM 

E300-86, Figure 19 (ASTM, 1992a), shows a grid for sam­
pling a uniform deposit in a railroad car. 

The layer of water over the sewage sludge complicates 
the use of many types of tube samplers because the over­
lying water should not be included in the sample. A thief 
sampler (ASTM, 1992a) that samples only the sewage 
sludge layer may be useful. Weighted bottle samplers 
(ASTM, 1992a) that can be opened at a given depth can 
be used to collect samples at a desired depth. Samples at 
three depths can be taken and composited. Most likely the 
sewage sludge will be as much as twice as high in solids 
content at the bottom of the sewage sludge layer as at the 
top. Compositing of equal volumes of samples from top, 
middle, and bottom produces an excellent mass-average 
sample and adjusts for this difference in solids content. 
Generally there is no point in determining the gradient with 
depth for microbiological and VAR parameters, because 
there is no practical way of separately removing layers of 
sewage sludge from a lagoon. Determining whether there 
are gradients with length and width makes more sense 
because, if desired, sewage sludge could be removed se­
lectively from part of a lagoon, leaving behind the unac­
ceptable material. 

Sewage sludges from dewatering equipment such as 
belt filter presses and centrifuges can have a solids con­
tent up to 35% and even higher following some condition­
ing methods. High solids content sewage sludges are easy 
to sample if they are on moving conveyors, as described 
in Section 9.5. However, if the sewage sludge is stored in 
piles, obtaining a representative sample requires more 
planning and a greater overall effort. As a result of the dif­
ferent environment between the pile surface and interior a 
gradient will develop over time in the sewage sludge stor­
age pile. The sampling methodology used needs to ad­
dress this potential gradient between the pile surface and 
interior. Sampling devices such as augers (a deeply 
threaded screw) are used on high solids cakes (ASTM, 
1992a) to collect a cross sectional sample. The auger is 
“turned into the pile and then pulled straight out. The sample 
is removed from the auger with a spatula or other suitable 
device.” Alternatively, a shovel can be used to collect 
subsamples for compositing from the pile interior. The pile 
should be sampled in proportion to its mass; more samples 
are taken where the pile is deeper. 

9.8 Sampling Dry Sewage Sludges
For purposes of this discussion, “dry” sewage sludges 

contain as much as 60% water. They include heat dried 
and composted sewage sludges, and sewage sludges from 
dewatering processes, such as pressure filtration, that pro­
duce a cake which is usually handled by breaking it up into 
pieces. Some centrifuge cakes are dry enough that they 
are comprised of small pieces that remain discrete when 
piled. 

Dry sewage sludges are best sampled when they are 
being transferred, usually on conveyors. Preferably mate­
rial across the entire width of the conveyor is collected for 

69




a short period of time. Several of these across-width 
samples are collected and combined into a time-compos-
ite sample. If the entire width of the conveyor cannot be 
sampled, the sample is collected from various points 
across the breadth of the conveyor, and a space and time­
composited sample is collected. 

Collecting a representative sample from a stockpile 
containing a dried sewage sludge product poses a greater 
challenge than collecting the sample from a conveyor. The 
settling and classification of the material and the different 
environments between the pile edge and interior must be 
considered. When a material comprised of discrete par­
ticles is formed into a pile, classification occurs. If the par­
ticles are homogeneous in size and composition, a repre­
sentative sample can be easily obtained (assuming the 
sample is collected within 24 hours of pile construction). 
However if the particles are of a different size or composi­
tion, an unequal distribution of the particles may result 
during settling. For example, a composted sewage sludge 
may be heterogeneous, with respect to particle composi­
tion, even when oversized bulking agents have been re­
moved. It is important that the edges and interior of such 
piles are properly weighted as part of the sample collec­
tion procedure. A sampling grid that prevents bias, such 
as that presented in ASTM E300-86, Item 31.4 (ASTM, 
1992a),  should be used. 

The heterogeneous nature and presence of large par­
ticles in some composted sewage sludges cause another 
problem in sampling. For example, most augers and sam­
pling thiefs will be ineffective in getting a representative 
sample from the interior of a pile containing large wood 
chips and fine composted sewage sludge. There may be 
no substitute for digging with a shovel to get to the desired 
location. 

Stockpile sampling is also made more difficult by the 
constant evolution of the characteristics of stored mate­
rial. Immediately after a sewage sludge stockpile is con­
structed, physical, chemical, and biological changes be­
gin to occur within and on the surface of the stockpile. 
Within a period as short as 24 hours, the characteristics of 
the surface and outer part of the pile can differ substan­
tially from that of the pile interior. The outer part of a pile 
tends to remain at or near ambient temperature, loses 
moisture through evaporation, and volatilizes some com­
pounds such as ammonia. In contrast, pile interiors retain 
heat (achieving temperatures that can be 40°C greater than 
the pile surface), but lose little moisture or chemical com­
pounds through evaporation and volatilization. As a result, 
the level of microbial growth and activity within the pile 
and on the pile surface will also differ. The potential for 
growth of fecal coliform bacteria in mesophilic regions of 
the pile is of particular concern. If a sewage sludge stock­
pile is more than one day old, the sample should be col­
lected from a pile cross section. This is especially impor­
tant when there is a large temperature gradient between 
the pile surface and interior. 

9.9 Control of Temperature, pH, and 
Oxygenation After Sample Collection 
Samples for Microbial Tests 

Table 9-2 summarizes the maximum holding times and 
temperatures for sewage sludge samples taken for micro­
bial analyses. All samples should be cooled to appropriate 
temperatures immediately after they are collected to mini­
mize changes in indicator organism and pathogen popula­
tions. For example, enteric viral and bacterial densities are 
noticeably reduced by even 1 hour of exposure to tem­
peratures of 35°C (95°F) or greater. The requirement for 
cooling limits the practical size of the sample collection 
container. A gallon sample bottle takes much longer to cool 
than a quart bottle. Use of bottles no larger than a quart is 
recommended for most samples, particularly if the sew­
age sludge being sampled is from a process operated at 
above ambient temperature. Granular solids and thick sew­
age sludges take a long time to cool, so use of containers 
smaller than one quart is advised. For rapid cooling, place 
the sample container in a slurry of water and ice. Placing 
the sample container in a cooler containing bagged ice or 
“blue ice” is effective in maintaining low temperatures but 
several hours can elapse before this kind of cooling re­
duces sample temperature to below 10°C (50°F)  (Kent and 
Payne, 1988). The same is true if warm samples are placed 
in a refrigerator. The presence or absence of oxygen is not 
a serious concern for the microbiological tests if the 
samples are promptly cooled. 

Table 9-2. Analytical Methods Required Under Part 503 

Maximum Holding 
Analysis Methodology Time3/Temperature 

Enteric Viruses American Society for 
Testing and Materials 

-18°C (0°F); up to 2 
weeks 

Method D 4994-89 

Fecal Coliform 

Salmonella sp. 
Bacteria 

(ASTM, 1992b)1 

Standard Methods 
Part 9221 E or Part 
9222 D (APHA, 1992) 2 
Standard Methods 
Part 9260D 
(APHA,1992)2  or 
Kenner and Clark 

4°C (39.2°F) (do not 
freeze); 24 hours 

4°C (39.2°F) (do not 
freeze); 24 hours 

Viable Helminth 
Ova 

Specific Oxygen 
Uptake Rate 
(SOUR) 
Total, Fixed, and 

(1974) (see 
Appendix  G of this 
document) 
Yanko (1987) (see 
Appendix I of this 
document) 
Standard Methods 
Part 27108 
(APHA,1992) 
Standard Methods 

4°C (39.2°F) (do not 
freeze); 1 month 

20°C (sewage sludge 
must be digested in the 
10-30°C range); 2 hours 
NA 

Volatile Solids Part 2540G 

Percent Volatile 
Solids Reduction 

(APHA.,1992) 
Appendlix C of this 
document 

NA 

1Appendix H of this document presents a detailed discussion of this 
method. 

2Method SM-9221 E, the MPN procedure, is required for analysis of 
Class A biosolids and recommended for Class B biosolids. Method SM­
9221 D, the membrane filtration procedure is also allowable for Class B 
biosolids. See Appendix F of this document for recommended sample 

3Time between sampling and actual analysis, including shipping time.
preparation procedures and a discussion of the reporting of results. 
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Standard Methods (APHA, 1992) states that if analysis 
for bacterial species (fecal coliform and Salmonella sp.) 
will commence within 1 hour after sample collection, 
no temperature adjustment is required. If analysis will 
commence between 1 and 6 hours after collection,the 
sample should be immediately cooled to at least 10°C. 
If analysis will commence between 6 and 24 hours after 
collection the sample should be immediately cooled to 4°C. 
The sample should never be frozen and analysis must 
commence within 24 hours of collection. 

Proper planning and coordination with the courier ser­
vice and analytical laboratory are essential if bacterial 
analyses are to be conducted within 24 hours of sample 
collection. The laboratory needs to be notified several days 
in advance so they can be prepared to initiate the analysis 
within several hours of receiving the sample. If they are 
not notified, the laboratory may not be adequately prepared 
and another day may lapse before the samples are ana­
lyzed. Actual sample collection should be conducted in the 
afternoon, within a few hours of the sample courier’s ar­
rival. If the samples are collected in the morning, a greater 
than 24-hour period may pass before the laboratory actu­
ally begins the analysis. 

Follow-up with the laboratory is important to determine 
the actual sample holding time and temperature of the 
sample when it was received. This information can be used 
to improve the overall sample collection and transfer pro­
cedure. Feedback received from the lab regarding sample 
condition and holding times may also provide an explana­
tion for erroneous or unexpected test results. 

The requirement for prompt chilling of samples is appro­
priate for viruses as well as bacteria. There are far fewer 
laboratories capable of carrying out virus tests than can 
conduct bacterial analyses, so time between sample col­
lection and analysis can routinely exceed 24 hours. Fortu­
nately, viruses are not harmed by freezing. Typically, virol­
ogy laboratories store samples at -70°C (-94°F) before 
analysis. Samples can be frozen in a -18°C (0°F) freezer 
and stored for up to 2 weeks without harm. Samples should 
be frozen, packed in dry ice, and shipped overnight to the 
analytical laboratory. 

Viable helminth ova are only slightly affected by tem­
peratures below 35°C (95°F), provided chemicals such as 
lime, chlorine, or ammonia are not utilized in the treatment 
process. Nevertheless, chilling to 4°C (39.2°F) is advised. 
If the samples are held at this temperature, a period of a 
month can elapse between sampling and analysis. Freez­
ing should be avoided because the effect of freezing on 
helminth ova is not well understood. 

Vector Attraction Reduction Tests 
For the vector attraction reduction tests that measure 

oxygen uptake, or additional anaerobic or aerobic diges­
tion (see Appendix D), the samples must be kept at the 
temperature at which they were collected. This sometimes 
can be done just by collecting a large sample in a large 

container. Covering the sample with an insulating blanket 
or placing it in an insulated box provides adequate protec­
tion against temperature change in most cases. Desired 
temperature can be maintained in the box by adding a “hot 
water bottle” or a bag of blue ice. 

Depending on whether the sewage sludge is from 
an aerobic process or anaerobic digestion, the presence 
or lack of oxygen will determine which vector attraction 
reduction test is appropriate and therefore how the sample 
should be handled. For aerobic sewage sludges, a lack of 
oxygen will interfere with the metabolic rate of the aerobic 
microorganisms in the sample. Similarly, presence of oxy­
gen will seriously affect or even kill the anaerobic organ­
isms that convert organic matter to gases in anaerobic di­
gestion. With samples taken for SOUR analysis, it has been 
the experience of some investigators that if the test is not 
run almost immediately after collection (within about 15 
minutes), that erroneous results are obtained. The addi­
tional aerobic digestion test is more “forgiving” (because it 
is a long-term test and shocked bacteria can revive); up to 
4 hours of shortage of oxygen can be tolerated. For the 
additional anaerobic digestion test, the sample containers 
should be filled to exclude air. In any subsequent opera­
tions where there is a freeboard in the sample or testing 
vessel, that space should be filled with an inert gas such 
as nitrogen. 

No pH adjustment is to be made for any of the vector 
attraction reduction tests. For those vector attraction pro­
cesses that utilize lime, the only requirement is to mea­
sure pH after the time periods indicated in the vector at­
traction reduction option (see Section 8.7). 

9.10	 Sample Compositing and Size 
Reduction 

The amount of sample collected in the field generally far 
exceeds the amount needed for analysis. The field sample 
must therefore be reduced to a manageable size for the 
analyst to handle. As for all sample handling, sample size 
reduction is more difficult for microbial samples than for 
samples taken for vector attraction reduction tests because 
of the potential for microbial contamination. The labora­
tory may be better equipped to perform subsampling than 
samplers in the field. 

Microbial Tests 
Freely flowing liquid samples can be adequately mixed 

in the sample bottles by shaking the bottles. There must 
be room in the bottle for adequate mixing. Compositing of 
smaller samples is accomplished by pouring them into a 
larger bottle with adequate freeboard and mixing it by shak­
ing or stirring it thoroughly with a sterile paddle. Pouring 
off a portion of the contents of a large container into a 
smaller bottle is not an acceptable procedure because the 
top layer of any slurry always contains fewer solids than 
do lower layers. Sampling with a pipette with a wide bore 
is an acceptable alternative, provided the bore of the pi­
pette does not restrict the entry of solid particles. The 
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sample should be drawn into the pipette slowly and the tip 
moved through the sample to minimize selective collec­
tion of liquid over solid particles. 

Sample size reduction for thick sewage sludges is diffi­
cult, because they cannot be mixed by shaking. Stirring 
with a mechanical mixer or a paddle is often inadequate 
(recall how long it takes to mix a can of paint). A satisfac­
tory approach is to hand mix a composite of subsamples, 
and then take a large number of small grabs from the 
composited sample to form the smaller sample for the ana­
lyst. 

Dry solids samples can generally be mixed adequately 
by shaking if there is sufficient head space in the sample 
container, but the individual particles are frequently large 
and must be reduced in size to get a representative sample. 
If the particles are large and a number of subsamples must 
be combined into a large composite, it may be necessary 
to reduce the particle size before they are composited. 
This can be done in a sterile covered chopper, blender, or 
grinder. The individual subsamples are then combined and 
mixed by shaking, rotating, and tumbling. A smaller com­
posite is then prepared by combining a number of grabs 
from all parts of the combined sample. Many facilities do 
not have adequate equipment needed to perform this size 
reduction procedure. However, most analytical laborato­
ries have this capability and will typically perform this pro­
cedure at a nominal cost. Coordination with the analytical 
laboratory regarding subsampling is an important part of 
the sampling and analysis procedure that should not be 
ignored. Some other sample size reduction methods, such 
as “coning and quartering” (ASTM, 1992a) may be use 
only if aseptic handling practices are observed. It should 
be noted that particle size reduction is not appropriate if 
the large pieces in the sample are not sewage sludge but 
are other materials which have been added to the sewage 
sludge for processing purposes. For the purpose of micro­
bial or volatile solids reduction testing, additives such as 
wood chips should be removed from the sample before 
size reduction or sample preparation (see Section 10.5). It 
is recommended in these cases that a one-quarter inch 
mesh sieve be used for this purpose. 

Vector Attraction Reduction Tests 
The lack of a need to prevent microbial contamination 

makes compositing and size reduction easier for vector 
attraction reduction tests than for the microbial tests. How­
ever, there is a need to keep the aerobic samples aerobic 
and to prevent the anaerobic samples from coming into 
contact with air. Subsamples for the anaerobic tests can 
be collected into individual bottles at the sampling loca­
tion. As noted above, these sample bottles should be filled 
completely and capped. A brief exposure to air will not 
cause a problem, but any prolonged exposure, such as 
might occur when several subsamples are being blended 
together and reduced in size for a representative compos­
ite sample, must be avoided. One acceptable sample size 
reduction procedure is to flush a large sterile bottle with 
nitrogen, then pour in the subsamples and blend them to­

gether with nitrogen still bleeding into the vessel. Alterna­
tively, the nitrogen-filled vessel could be flushed with more 
nitrogen after the admission of the subsamples, capped, 
and then shaken thoroughly to accomplish the blending. 
Analytical laboratories generally can perform this size re­
duction procedure. 

9.11 Packaging and Shipment
Proper packaging and shipment are important to ensure 

that the samples arrive in good condition (proper tempera­
ture, no spillage) within the specified time frame. 

Sealing and Labeling Sample Containers 
Sample containers should be securely taped to avoid 

contamination, and sealed (e.g., with gummed paper) so it 
is impossible to open the container without breaking the 
seal. Sealing ensures that sample integrity is preserved 
until the sample is opened in the laboratory. A permanent 
label should be affixed to each sample container. At a mini­
mum the following information should be provided on each 
sample container: 

• Type of analysis to be performed (e.g., Salmonella sp., 
fecal coliform bacteria, enteric virus, or viable helm­
inth ova) 

• Sample identification code (if used) or a brief descrip-
tion of the sample (that distinguishes it from other 
samples) if no sample code system is used 

• Sample number (if more than one sample was col-
lected at the same point on the same day) 

Other information may include: 

• Facility name, address and telephone number

• Date and time the sample was taken

• Facility contact person

This information should also be included on an enclosed 
chain of custody form. 

Shipment Container 
A soundly constructed and insulated shipment box is 

essential to provide the proper environment for the pre­
serving sample at the required temperature and to ensure 
the sample arrives intact. Small plastic cased coolers are 
ideal for sample shipping. It is recommended that the out­
side of the shipment container be labeled with the follow­
ing information: 

• The complete address of the receiving laboratory (in-
cluding the name of the person responsible for receiv­
ing the samples and the telephone number) 

• Appropriate shipping label that conforms to the
courier’s standards 

• Number of samples included (i.e. “This cooler contains
10 samples”) 
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• The words “Fragile” and “This End Up”

To maintain a low temperature in the shipment box, a 
blue-ice type of coolant in a sealed bag should be included 
in the box. If the blue ice has been stored in a 0°F (-18°C) 
freezer (e.g., a typical household freezer), the coolant 
should be “tempered” to warm it up to the melting point of 
ice (0°C [32°F]) before it is placed around the sample. Ad­
ditional packing material (bubble wrap, Styrofoam peanuts, 
balled-up newspaper) should be placed in the shipping 
container to fill in empty space to prevent sample contain­
ers from moving and potentially breaking or spilling during 
shipping. It is also recommended that the courier be con­
tacted in order to determine if there are any special re­
quirements for the shipping of this type of sample. 

Adherence to Holding and Shipment Times 
Adherence to sample preservation and holding time lim­

its described in Section 9.6 is critical. Samples that are not 
processed within the specified time and under the proper 
conditions can yield erroneous results, especially with the 
less stable microorganisms (i.e., bacteria). Make sure the 
analytical laboratory reports the date and time when the 
samples arrived, and total holding time (period from when 
the sample was collected to the initiation of analysis). This 
information will be valuable for improving future sample 
events and maintaining quality control. 

9.12 Documentation
Sampling Plan 

It is recommended that all procedures used in sample 
collection, preparation, and shipment be described in a 
sampling plan. At a minimum, a sampling plan should pro­
vide the following information: 

• Sample collection locations

• Volume of sample to be collected

• Sample compositing procedures

• Days and times of collection

• Required equipment

• Instructions for labeling samples and ensuring chain
of custody 

• A list of contact persons and telephone numbers in
case unexpected difficulties arise during sampling 

If a formal sampling plan is not available, a field log that 
includes instructions and a sample collection form may be 
used (EPA, 1980). 

Sampling Log 
All information pertinent to a sampling event should be 

recorded in a bound log book, preferably with consecu­
tively numbered pages. At a minimum, the following infor­
mation should be recorded in the log book. 

• Purpose of sampling event

• Date and time of sample collection

• Location where samples were collected

• Grab or composite sample (for composite samples,
the location, number, and volume of subsamples 
should be included) 

• Name of the person collecting the sample(s)

• Type of sewage sludge

• Number and volume of the sample taken

• Description of sampling point

• Date and time samples were shipped

Chain of Custody 
To establish the documentation necessary to trace 

sample possession from the time of collection, it is recom­
mended that a chain-of-custody record be filled out and 
accompany every sample. This record is particularly im­
portant if the sample is to be introduced as evidence in 
litigation. Suggested information for the chain-of-custody 
record includes, at a minimum: 

• Collector’s name

• Signature of collector

• Date and time of collection

• Place and address of collection

• Requested preprocessing (subsampling, compositing,
particle size reduction) 

• Requested analyses

• Sample code number for each sample (if used)

• Signatures of the persons involved in the chain of pos-
session 

A good rule of thumb is to record sufficient information 
so that the sampling situation can be reconstructed with­
out reliance on the collector’s memory. Chain-of-custody 
forms can be obtained from the laboratory and should be 
used even if the laboratory is on-site and part of the treat­
ment facility. 

9.13 Analytical Methods
Part 503.8(b) of the Part 503 regulation specifies meth­

ods that must be used when analyzing for enteric viruses; 
fecal coliform; Salmonella sp.; viable helminth ova; spe­
cific oxygen uptake rate; and total, fixed, and volatile sol­
ids. Table 9-2 lists the required methods. Complete refer­
ences for these methods can be found in Chapter 12, and 
recommended sample preparation and analytical methods 
can be found in the appendix as listed below. 
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Calculating volatile solids reduction Appendix C 
Conducting additional digestion and Appendix D 
specific oxygen uptake rate (SOUR) 
tests 
Determination of residence time in Appendix E 
digesters 
Sample preparation - fecal Appendix F 
coliform and Salmonella sp. analysis 
Analytical method -Salmonella sp. Appendix G 
Analytical method - enteroviruses Appendix H 
in sewage sludge 
Analytical method - viable Appendix I 
helminth ova 

As of the time of publication of this document, the allow­
able analytical methodologies are as listed above. How­
ever, in the case of fecal coliform analysis for Class B-
Alternative 1, it is recommended that the MPN method be 
used instead of the membrane filter test (the MPN method 
is required for Class A fecal coliform analysis), and that 
the Kenner and Clark methodology be used for Salmo­
nella sp. analysis. 

9.14 Quality Assurance
Quality assurance involves establishing a sampling plan 

and implementing quality control measures and procedures 
for ensuring that the results of analytical and test mea­
surements are correct. A complete presentation of this 
subject is beyond the scope of this manual. A concise treat­
ment of quality assurance is found in Standard Methods 
(APHA, 1992) and is strongly recommended. Parts 1000 
to 1090 of Standard Methods are relevant to the entire 
sampling and analysis effort. Part 1020 discusses quality 
assurance, quality control, and quality assessment. Stan­
dard Methods (Part 1020B) states that “a good quality con­
trol program consists of at least seven elements: certifica­
tion of operator competence, recovery of known additions, 
analysis of externally supplied standards, analysis of re­
agent blanks, calibration with standards, analysis of dupli­
cates, and maintenance of control charts.” For most of the 
tests to be carried out to meet the pathogen and vector 
attraction reduction requirements of the Part 503 regula­
tion, these elements cannot be met completely, but they 
should be kept in mind as a goal. 

Microbial Tests 
For the microbiological tests, quality assurance is needed 

to verify precision and accuracy. Quality assurance for 
microbiological methods is discussed in Part 9020 of Stan­
dard Methods. The quality control approach suggested is 
recommended for the microbiological tests required by the 
Part 503 regulation. In Part 9020B-4,  Analytical Quality 
Control Procedures, it is suggested that precision be ini­
tially established by running a number of duplicates, and 
that thereafter duplicates (5% of total samples) be run to 
determine whether precision is being maintained. 

Spiking and recovery tests are an important part of quality 
assurance. Yanko (1987) has found that spiking is useful 
for the viable helminth ova test, but that testing recovery 

effectiveness on unspiked sewage sludge is more useful 
for quality assurance for bacterial or viral tests. With either 
method, the density of the measured pathogens should 
be at levels that are relevant to the Part 503 regulation. 
For example, for viable helminth ova, samples should be 
spiked to density levels of approximately 100 per gram. 
Recovery of bacteria and viruses should be conducted on 
primary sewage sludges that typically contain viruses at 
low but consistent levels (such as primary sewage slud­
ges from large cities). 

For both commercial and in-house laboratories, quality 
assurance procedures should be incorporated into the 
analytical method and assessed routinely. Communication 
with the analytical personnel is an important part of devel­
oping a good sampling and analysis protocol. The sewage 
sludge preparer should review quality assurance data along 
with analysis results to ensure that laboratory performance 
is acceptable. 

Vector Attraction Reduction Tests 
It is not possible to test for accuracy for any of the vector 

attraction reduction tests, because standard sewage slud­
ges with consistent qualities do not exist. Standard Meth­
ods gives guidance on precision and bias. However, for 
some of the vector attraction reduction options, this infor­
mation was not available or was approximate. Section 10.7 
provides guidance on the number of samples to take. The 
procedures for three of the vector attraction options devel­
oped for the Part 503 regulation (additional anaerobic and 
aerobic digestion and the specific oxygen uptake rate test), 
which are presented in Appendix D, have internal quality 
control procedures that include replication. Since the tests 
are newly proposed, the data are insufficient to judge 
whether agreement between replicates is adequate. This 
kind of information will be communicated as experience 
with these options accumulates. 
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