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PREFACE

On November 25, 1992, pur.s-Jz'mt td S‘ection 405(d) of the Clean Water Act, the
Administrator of the U.S Environmental Protection Agency signed a notice for publication in the
Federal Register taking final action with respect to a regulation establishing use or disposal
standards, including numerical pollutant limits, for sewage sludge. This regulatioh was published

in the Federal Register on February 19, 1993 (58 Fed. Reg. 9248, et seq.).

The information included in this Technical Support Document provides further
explanation of the regulation. It describes in detail the risk assessment methodology the Agency
used in evaluating pollutants to determine whether they posed a risk to public health and the
environment as well as the approach used to derive the risk-based numerical pollutant lim’it‘s.

This document is substantially similar to the Technical Support Document that is
included in the evidentiary record considered by the Administrator when promﬁlgating the
sewage sludge use or disposal regulation. However, typographical and technical errors found in
the November 25, 1992, signature version relied on by the Administrator have been corrected in
this Technical Support Document. A copy of an errata sheet showing where changes have been .
made is enclosed with this copy. The November 25, 1992, signature version of this Technical
Support Document is available for review and copying at EPA;S Water Docket, Room L-102, 401
M Street, S.W., Washingfon, D.C. 20460. For access to this and other docket materials, call
(202) 260-1306.
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monofill facility (dimensionless) : '
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List of Units and Acronyms (cont.)

fraction of contaminant lost during surface impoundment’s active phase
(dimensionless) ,

fraction of facility’s active lifetime that typical cell contains sludge and
temporary soil cover (dimensionless) )

fraction of contaminant in the liquid layer of surface impoundment that is
dissolved (dimensionless) : .

fraction of contaminant in the sediment layer of surface impoundment that
is dissolved (dimensionless)

fraction of contaminant loss during monofill’s active lifetime that is lost to
degradation (dimensionless)

fraction of contaminant loss caused by degradation (dimensionless)
fraction of contaminant loss from liquid layer that is lost to degradation

(dimensionless)
fraction of contaminant loss from sediment layer that is lost to degradation
(dimensionless) -

fa
fraction of contaminant loss from the liquid layer that is displaced by the
accumulating sediment layer (dimensionless)
fraction of contaminant entering the sediment layer that is trapped in the
accumulating sediment layer (dimensionless)
fraction of contaminant loss from inactive monofill that is lost to
degradation (dimensionless) .
fraction of contaminant loss during monofill’s active lifetime that is lost to
leaching (dimensionless)
fraction of total contaminant loss caused by leaching (dimensionless)
fraction of contaminant loss from inactive monofill that is lost to leaching
(dimensionless) '
fraction of total cumulative loading lost in human lifetime dimensionless)
organic carbon as fraction of soil mass (dimensionless)
fraction of total contaminant loss attributable to effluent (dimensionless)
fraction of contaminant loss from a surface impoundment that is lost to
outflow (dimensionless) '
fraction of contaminant in liquid layer of surface impounmdment adhering
to solid particles (dimensionless) . ‘
fraction of contaminant in sediment layer of surface impoundment
adhering to solid particles (dimensionless)
fraction of total contaminant loss attributable to seepage (dimensionless)
fraction of mass lost from the liquid layer of surface impoundment that is
lost to seepage (dimensionless)
fraction of mass entcring the sediment layer of surface impoundment that
is lost to seepage (dimensionless) '
fraction of monofill’s total volume containing pure sludge (m*m® or
dimensionless)
fraction of solids in sludge (kg/kg or dimensionless)
fraction of monofill's active lifetime that typical cell contains uncovered
sludge (dimensionless)

Vi




List of Units and Acronyms (cont.)

fraction of contaminant loss during monofill’s active lifetime that is lost to
volatilization (dimensionless)

fraction of contaminant loss from inactive monofill that is lost to
volatilization (dimensionless)

fraction of total contaminant loading to monofill that is lost to
volatilization during a time interval equivalent to the life expectancy of
the highly exposed individual (dimensionless)

fraction of total contaminant loss caused by volatilization (dimensionless)
fraction of contaminant leaving the liquid layer that leaves through
volatilization (dimensionless)

ratio of contaminant concentration in well-water to concentration in
seepage beneath the surface disposal facility (dimensionless)

volume of fluid passing through a vertical cross section of the aquifer
oriented perpendicular to the direction of flow, and having a width equal
to the source width and a depth equal to the saturated thickness of the
aquifer (m®%sec) .
annual flux of contaminant leaching from monofill (kg/ha-yr) .t
ratio of effective diameter to depth of surface impoundment )
(dimensionless) '

Henry’s Law constant (m®-atm/mol)

Henry’s Law constant (dimensionless at specified temperature)

index for crops

inhalation volume (m?day)

rate of water ingestion (/day)

Integrated Risk Information System

index for contaminants

. effective permeability (dimensionless)

saturated hydraulic conductivity (m/sec)

degradation rate coefficient for monofill (yr*)

degradatxon rate coefficient for liquid layer of surface impoundment :
(m*/sec)

degradation rate coefficient for sediment layer of surface 1mpoundment
(m®/sec)

degradation rate coefficient for unsaturited soil zone (s%)

rate coefficient for 10ss of contaminant from liquid layer as result of
decreasing volume (m’/sec)

rate coefficient for dissolved contaminant gained in sediment layer as

- result of increasing volume (m’/sec)

mass transfer coefficient for liquid layer (m/sec)

mass transfer coefficient for liquid layer (m/sec)

rate coefficient for loss of contaminant to leaching from monofill (yr 1)
rate coefficient for loss of contaminant from liquid layer through outflow
(m®*/sec)

rate coefficient for loss of contaminant throug;h seepage from the liquid
layer (m®/sec)

rate coefficient for loss of contaminant through seepage from the
sediment layer (m*/sec)




List of Units and Acronyms (cont.)

rate coefficient for total loss of contaminant during monofill’s active lifetime

K. = e
o)

Ky = rate coefﬁcxent for total loss of contaminant from inactive monofill o

K. = lumped rate coefficient for contaminant loss from treated land (yr™)

Kioa = lumped rate coefficient for contaminant loss from the liquid layer of
surface impoundment (m*/sec)

Kie = lumped rate coefficient for contaminant loss from the sediment layer of

‘ surface impoundment (m*/sec)

K. = rate coefficient for loss of contaminant to volatilization from active

monofill (yr)
K, = rate coefficient for loss of contaminant to volatlhzatxon from inactive

monofill (yr?)

Koot = rate coefficient for loss of contammant to volatilization from treated land
Grh)

Kon = rate coefficient for loss of contaminant to volatilization from the liquid
layer of surface impoundment (m/sec) 4

KD = equilibrium partition coefficient for contaminant (m*kg) :

KOC = organic carbon partition coefficient (m%/kg)

KOwW = octanol-water partition coefficient for contaminant ‘

1LC,, = lethal dose, the average inhalation dose at which 50 percent of the

animals exposed died; also used for aquatic toxicity tests, refers to the
concentration of the test substance in the water that results in 50 percent
mortality in the test species
lethal dose, the average dose level that is lethal to 50 percent of the test
animals, refers to oral doses
active lifetime of monofill facility: the period in which the fac111ty accepts
sludge (yr)
Lowest Observed Adverse Effect Level
Lowest Observed Effect Level .
lifespan of average individual (yr)
mass of air per volume of soil
.mass of gaseous contaminant per volume of soil
mass of adsorbed contaminant per volume of soil
total mass of contaminant per volume of soil
mass of dissolved contaminant per volume of soil
- mass of solids per volume of soil ‘
miass of liquid per volume of soil
million gallons per day
Maximum Contaminant Level for drinking water (mg/l)
mass of solids in one m® of pure sludge (kg/m®)
Maximum Tolerated Doxe, largest dose a test animal can receive for most
of its lifetime without demonstrating adverse effects other than cancer
molecular weight of contaminant :
empirically derived exponent (dimensionless)
National Academy of Sciences
No Observed Adverse Effect Level
net recharge (m/yr)
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List of Units and Acronyms (cont.)

National Sewage Sludge Survey

Office of Science and Technology (EPA)

Office of Water Regulations and Standards (EPA)

percent solids in liquid layer of surface impoundment (kg/kg)
percent solids in sediment layer of surface impoundment (kg/kg)
ratio of contaminant concentration in fillet to whole fish (unitless)
number of persons in cell i exceeding RfD for pollutant j (persons)
percent liquid in the water column of surface water body (kg/kg, or
dxmensxonless) :

percent solids in the water column (kg/kg or dxmensmnless)
polychlorinated biphenyl

Process to Further Reduce Pathogens

publicly owned treatment works

Process to Significantly Reduce Pathogens

human cancer potency for pollutamt j (mg/kg/day)?

human cancer potency (mg/kg-day)™*

tlme-wexghted average rate of contaminant volatilization from a monoﬁll

(g/m?-sec)

rate of contaminant volatilization from a covered monofill cell (g/m? -sec)

. rate of contaminant volatilization from an uncovered monofill cell

(g/m?¥/sec)

rate of inflow for sludge into a surface m:poundment (m?/sec)

rate of outflow from a surface impoundment (m*/sec)

seepage rate for both liquid and sediment layers (m/sec)

distance from center of sludge disposal facility to HEI’s location (m)
universal gas constant (m’-atm/mol-K)

combined removal efficiency for pollutant j for furnace and control p -
expressed as fraction of original contaminant remaining in emissions
(dimensionless)

reference concentration for pollutant in air (pg/m®)

reference concentration for pollutant in groundwater (kg/m’)

reference concentration for pollutant in leachate from sludge monofill
(kg/m’)

reference concentration for pollutant in seepage from surface
impoundment (kg/m®)

Resource Conservation and Recovery Act

reference concentration of pollutant in sewage sludge (mg/kg dry wexght)
relative effectiveness of exposure (dimensionless)

Reference Concentration (inhalation exposure), threshold level for critical
noncancer effects below which a significant risk of adverse effects is not
expected

Reference Dose (oral Exposure), threshold level for critical noncancer
effects below which a significant risk of adverse effects is not expected
retardation factor (dimensionless)

reference annual flux of contamiant to air above the site (kg/ha-yr)
reference annual flux of pollutant to the unsaturated soil zone beneath

the surface disposal facility (kg/ha-yr)
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List of Units and Acronyms (cont.)

Risk Reference Dose for pollutant j (mg/kg/day)

risk level (incremental risk of cancer per lifetime)

reference water concentration (mg/L)

intermediate variable used to calculate volatile emissions from soil

solids concentration in the liquid layer of a surface impoundment (kg/m®)
solids concentration in the sediment layer of a surface impoundment
(kg/m’)

effective water saturation (dimensionless)

specific storage (m™)

water saturation (dimensionless)

residual water saturation (dimensionless)

Schmidt number on gas side (dimensionless)

Schmidt number on quuid side (dimensionless)

mass of sludge contained in one hectare of surface disposal facility (kg/ha)
specific oxygen uptake rate

Sludge Risk Assessment Branch (EPA)

source-receptor ratio (s/m) P
time (sec) ' .
time that typical monofill cell contains sludge without soil cover (yr)
temperature (K)

active lifetime of surface disposal facxhty (sec)

length of "square wave" in which maximum total loss rate of contaminant
depletes total mass of contaminant at site (sec or yr)

Toxic Substances Control Act

total suspended solids content of the stream (mg/L)

treatment works treating domestic sewage

vertical term for dispersion of contaminant m air (dxmensxonless)

darcy velocity (m/s)

regional velocity of horizontal groundwater flow (m/sec)

superimposed radial velocity from water seeping from the impoundment
(m/sec)

vertical velocity due to the source (m/sec)

volume of air in soil (m?)

total volume of soil (m?)

volume of void space in soil (m®)

volume of water in soil (m?)

distance from surface disposal facility to receptor (km)

lateral virtual distance to receptor location (m)

vertical coordinate 1n unsaturated zone (m)
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SECTION ONE

INTRODUCTION

1.1 BACKGROUND

Sewage treatment works genex;ate sewage sludge from raw sewage in the process of
maintaining the quality of our water resources. The sewage sludge must then be disposed or
used in a manner that does not adversely affect public health or the environment. Sewage sludge .
is used or disposed in a number of ways, including land application, surface disposal,
incineration, and codisposal with municipal solid waste. This document discusses the surface

ta

disposal of sewage sludge.

EPA’s role is to control the potential adverse effects to public health and the

_ environment that any use or disposal of sewage sludge may cause. Existing federal regulations
are authorized under several legislative mandates and have been developed independently élong
media-specific concerns to regulate sewage sludge use and disposal. Section 405(d) of the Clean
Water Act (CWA), as amended (33 U.S.C. 1345), directed the Agency to develop, propose, and
promuigate regulations establishing standards for the use and disposal of sewage sludge. |
Additional authorizing legislation includes sections of the Clean Air Act, the Resource
Conservation and Recovery Act (RCRA), and the Toxic Substances Control Act (TSCA).

In 1979, EPA respon&ed‘ to these mandates and promulgated criteria for using
nonhazardous solid waste including sewage sludge when it is applied to land or disposed in
landﬁlls These criteria were incorporated into 40 CFR Part 257, Criteria for Class:ﬁcatxon of
Solid Waste Disposal Facxhtles and Practices, which contained specific requirements for
managing sewage sludge. Any use or disposal of sewage sludge that caused the concentration of
10 heavy metals and 6 organic chemicals in an underground drinking water source to exceed |
specified maximum contaminant levels (MCLs) was prohibited. -Management standards for using
or disposing sewage sludge were set so that surface waters, flood plains, and endangered species

were protected. Part 257 also established annual and cumulative application rates for cadmium,
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a numerical concentration of polychlorinated biphenyls (PCBs) in sewage sludge, and pathogen
requirements for sewage sludge applied to land used for the production of animal feed or food-
chain crops. (Part 257 has been modified and now excludes from coverage sewage sludge applied

to land.)

In 1582, the EPA established an Intra-Agency Sludge Task Force to. recommend
procedures for putting into effect a comprehensive regulatory program for sewage sludge
management. The task force recommended that such a regulatory program be developed using
the combined authorities of Section 405 of the CWA and other existing regulations so that
comprehensive coverage could be provided. Accordingly, a reguiation was recommended that

would provide technical criteria for the use or disposal of sewage sludge.

The Office of Water Enforcement and Compliance proposed State Sludge Managefr{cnt
Program Regulations (U.S. EPA, 1986a). These regulations proposed that states develop
management programs that comply with existing federal criteria for the use or disposal of sewage
sludge. The proposed State Sludge Management Program Regulations focused on the
procedural requirements for submittal, review, and approval of state sewage sludge management
programs. On March 9, 1988, these regulations were proposed again to reflect changes in
requirements for sewage sludge management programs imposed by the 1987 Water Quality Act.
After public comment, these regulations were promulgated under 40 CFR Part 501 on May 2,

1989.

Although EPA’s Office of Solid Waste began the task of preparing a comprehensive
sewage sludge regulation in 1979 with the promulgation of 40 CFR Part 257, the overall task of

completing the comprehensive sewage sludge regulation was transferred to the Office of Water in

1984. A Wastewater Solids Criteria Branch was established under the Office of Water ,
Regulations and Standards (OWRS) within the Office of Water to develop the risk assessment to
sup°p0rt the rule. ‘After the Office of Water was reorganized, the OWRS was renamed the Office
of Science and Technology (OST), and the Wastewater Solids Criteria Branch was renamed the
Sludge Risk Assessment Branch (SRAB). The SRAB developed the final Part 503 regulation.




12  DESCRIPTION OF PART 503

The Part 503 standard consists of five subparts. Subpart A contains general provisions
that apply to each of the three sewage sludge use or disposal practices. Subparts BandC
pertain to specific requirements for land application and surface disposal of sewage sludge,
respectively, while Subpart D, Pathogens and Vector Attraction, specifies requirements to control
pathogens and other organisms, such as rodents, flies, and mosquitoes, that are capable of
transporting infectious agents. Subpart E contains the pravisions for sewage sludge incinera‘ftion.

This section (Section One) provides an overview of Subpart A, General Provisions, and
Subpart C, Surface Disposal, as well as a brief introduction to the applicable requirements in
Subpart D. The text of all three subparts appears in full as Appendix A. Although much ofuthe
- General Provisions section is relevant to all the regulated use or di.éposal practices, it also
contains references that are specific to each practice. This discussion will focus on the general
and specific requirements affecting the surface disposal of sewage sludge. Where there is ox;lerlap

between the requirements of Subparts A and C, the information will be presented in the General

Provisions section.

1.2.1 General Provisions -

Subpart A of Part 503, General Provisions, consists of nine parts: the purpose and
applicability of the regulation; the compliance period; permits and direct enforceability; the
relationship to other regulations; additional or more stringent requirements; exclusions; the 1‘
requirement for-a person who prepares sewage sludge; sampling and analysis; and general l

definitions.

12.1.1 Purpose and Applicability

Part 503 establishes standards for the final use or disposal of sewage sludge generated

during the treatment of domestic sewage in a treatment works. For sewage sludge placed on a
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sewage sludge unit, thé standard contains general requirements, pollutant limits, and
management practices that pfotect public health from the reasonably anticipated adverse effects
of pollutants in sewage sludge.! These elements of the standard are discussed in Subpart C,
which includes pollutant limits for arsenic, chromium, and nickel. Subpart C also includes
operational standards for pathogens and vector attraction reduction, and requirements for
frequency of monitoring and recordkeeping. In addition, Subpart C includes reporting
requirements for Class I sludge management facilities, treatment works with flow rates equal to
or greater than 1 million gallons per day, and treatment works that serve a population of 10,000
people or greater that practice surface disposal of sewage sludge.

Subpart C applies to a person who prepares sewage sludge for placement on a surface
disposal site; to owners/operators of a surface disposal site; to the surface disposal site; and to

L)

sewage sludge placed on a surface disposal site. .

Subpart C does not apply to either sewage sludge being stored or treated or to land on
which sewage sludge is placed for stofagc or treatment. It-also does not apply to sewage sludge
that remains on the land for longer than two years when the person who prepares the sewage
sludge demonstrates that the land on which the sewage sludge remains is not an active sewage
sludge unit. (See the rule in Appendix A (Part 503. 20) for. 1nformat10n needed for the

demonstratxon )

1.2.1.2 Compliance Period

Compliance with the Part 503 standard for the surface disposal of Scwage sludge is to be
achieved as exp;:ditious{y as practi.cable, but in no case later than one year from the date of
publication in the Federal Register. If compliance with the standards requires construction of new
pollution control facilities, compliance is to be achieved by two years from the date of

publication in the Federal Register, or sooner if practicable.

'One or more sewage sludge units constitute a surface disposal site.
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Compliance with the frequency of monitoring, recordkeeping, and reporting requirements
for all pollutants regulated under Subpart C is to begin 120 days after the effective date of the

regulation.

1.2.1.3 Permits and Direct Enforceability

A permit is not a prerequisite for enforcement actions to be taken against any person
who violates applicable Part 503 standards. However, the Part 503 standards for the surfacé
disposal of sewage sludge and the requirements pertaining to frequency of monitoring, v
recordkeeping, and reporting may be put into effect through a permit under the following n:avo
conditions: ) ,;

B
® . A permit issued to a "treatment works treating domestic sewage" (TWTDS), as
defined in 40 CFR Section 122.2 and in accordance with 40 CFR Parts 122 and

124, either by EPA or by a state that has a state sludge management program
approved by EPA in accordance with 40 CFR Part 123 or 40 CFR Part 501.

° A permit 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. ;

_ ATWTDS is required to submit a permit application in accordance with either 40 CFR Se&ion

122.21 or an approved state program. The standards and requirements in Subpart C are
enforceable directly against any person who places sewage sludge on a surface disposal site.

1.2.1.4 Relationship to Other Regulations

" Disposal of sewage sludge in a municipal solid waste landfill unit (as defined in
40 CFR 258.2) that complies with the requirements in 40 CFR Part 258 constitutes compliance
with Section 405(d) of the CWA. Any person who prepares sewage sludge that is disposed in a
municipal solid waste landfill unit must ensure that the sewage sludge meets the requirements in

40 CFR Part 258 concerning the quality of materials disposed.
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12.1.5 Additional or More Stringent Requirements

On a case-by-case basis, tfx'c permitting authority (either EPA or a state with an EPA-
approved sludge management program) may impose more stringent or additional requirements
for the use or disposal of sewage sludge if necessary to protéct public health and the
environment from adverse effects of pollutants in sewage sludge. A state, a political subdivision,
or an interstate agency also can impose requirements for the use or disposal of sewage sludge

that either are more stringent than, or are in addition to, the requirements of Part 503.

L 4
fa

1.2.1.6 Exclusions

Eight exclusions to the Part 503 rule apply to all three use or disposal practices:

° Treatment processes—processes used to treat domestic sewage or processes used
to treat sewage sludge prior to final use or disposal, except as provided in 503.32
and. 503.33, are not covered by Part 503.

° Selection of a use or disposal practice—The manner in which sewage sludge is
used or disposed is a local determination and is not specified by Part 503.

° Sludge generated at an industrial facility—sludge generated in industrial

wastewater treatment works that treat either industrial wastewater or industrial
wastewater combined with domestic sewage generated at the industrial facility is
not covered by Part 503. This exemption does not apply to sewage sludge treated
separately from industrial waste at an industrial facility.

° Hazardous sewage sludge—sewage sludge determined to be hazardous in
accordance with 40 CFR Part 261 is not covered by Part 503.

° Sewage sludge with high PCB concentration—sewage sludge that has a

concentration of polychlorinated biphenyls (PCBs) equal to or greater than 50
milligrams per kilogram of total solids (dry weight basis) is not covered by Part
. 503. ‘ :

° Grit and screenings—grit (¢.g., sand, gravel, cinders, or other materials with a
high specific gravity) or screenings (e.g., relatively large materials such as rags)
generated during preliminary treatment of domestic sewage in a treatment works
are not covered by Part 503.

° Drinking water treatment sludge—sludge generated during the treatment of either
surface water or ground water used for drinking water is not covered by Part 503.
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® Commercial and industrial segtage—oommerclal septage or industrial septage,
even if mixed with domestic septage, is not covered by Part 503.

1.2.1.7 Requirement for a Person Who Prepares Sewage Sludge

A person who prepares sewage sludge that is either fired in a sewage sludge incinerator,
applied to the land, or placed on a surface disposal site must meet the épplicable rcquiremerits
of the Part 503 rule. ) '

.1.2.1.8 Sampling and Analysis

. »
fa

-

Representative samples of sewage sludge placed on an active sewage sludge unit must be
collected and analyzed. Samples of sewage sludge (other than domestic septage) are to be
analyzed for the regulated inorganic pollutants and pathogens according to methods speciﬁedg in
the Part 503 rule (see Appendix A, Part 503.8). :

1.2.1.9 General and Special Definitions

The following words, phrases, acronyms, and concepts apply to information provided i:n-
this technical support document for the surface disposal of sewage sludge and are defined in
Appéndix A. These terms can be found either under the General Provisions subpart (Subpart A,
503.9) or the Surface Disposal 'subpart (Subpart C, 503.20). ‘

General Definitions (503.9) Special Definitions (503.20)
Base flood Active sewage sludge unit
Class I sludge management facility Agquifer ‘
CWA Contaminate an aquifer
Domestic septage Cover

Domestic sewage Displacement

Dry weight basis Fault

EPA Final cover

Feed crops , Holocene time

Fiber crops Leachate collection system
Food crops Liner
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General Definjtions (503.9) (cont.) - Special Definitions (503.20) (cont.)

.Ground water Lower explosive limit for methane gas
Industrial wastewater Qualified ground water scientist
Municipality Seismic impact zone
Permitting authority Sewage sludge unit
Person who prepares sewage sludge Sewage sludge unit boundary
Place sewage sludge Surface disposal site
Pollutant Unstable area
Pollutant limit
Runoff
Sewage sludge
State

Storage of sewage sludge

Treatment of sewage sludge
" Treatment works

Wetland

1.2.2 Subpart C—Part 503 Standard and Other Requirements

For each sewage sludge use or disposal practice, a person to whom the rule applies must
comply with general requirements, pollutant limits, management practices, and operational
sgaﬁdard(s), as well as other requirements relatedvto frequency of monitoring, recordkeeping,‘and
reporting. The overview presented below discusses Subpart C which, in addition to Subpart A,
regulates the surface disposal of sewage sludge. Section 1.3 below outlines the sections of this
Technical Support Document where more detailed discussion of the Subpart C standard takes

place.

1.2.2.1 General Requirements

The general requirements of the Part 503 regulation state that no person is permitted to
place sewage sludge on an active sewage sludge unit unless the requirements of Subpart C are
met. In addition, the general requirements include notification and closure requirements, as

follows:
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® Notification to the subsequent owner—The owner of a surface disposal site must

provide the subsequent owner with written notification that sewage sludge was
placed on the land.. . -

® Closure—1If an active sewage sludge unit is located within 60 meters-of a fault, in
an unstable area, or in a wetland, the unit must close by one year after the
effective date of the regulation unless, in the case of a unit near a fauit, the
permitting authority specifies otherwise, or if the unit is in a wetland and thc
permit was issued under the Clean Water Act.

In addition, the owner/operator of an active sewage sludge unit must submit a
written closure and post-closure plan to the permitting authority 180 days prior to
closure explaining how the unit will be closed (e.g., how the leachate collection
system will be operated and maintained for three years; a description of the
system used to monitor methane gas; how public access will be restricted for three

years).

1222 Pollutant Limits

Subpart C of Part 503 establishes limits for three inorganic pollutants—arsenic,
chromium, and nickel—for active sewage sludge units that do not contain a liner and lcacha‘te
collection system.. The pollutant limits do not apply to sewage sludge units with a lmcr and
leachate collection system. In addition, zhese limits do not apply to domestic septage.

Stricter pollutant limitr; are set for active sewage sludge units whose boundaries afe iess
than 150 meters from the property line. . Alternatively, site-specific pollutant limits may be :
developed if requested by the owner/operator of a surface disposal site at the time of pcrrmt
application. Site-specific pollutant limits can be used if the existing values for site parametcrs
specified by the pemnttmg authority are different from the values for those parameters used to
develop the pollutant limits in Table 1 of Part 503.23 (see Appendix A) and if the perrmttmg
authority determines that site-specific pollutant limits are appropriate for the unit.

If site-specific pollutant limits are used, the concentration of each of the three in_orgafm'c
pollutants covered in Subpart C may not exceed either: (a) the concentration of the pollutant

determined during a site-specific assessment, or (b) the existing concentration of the pollutant in

the sewage sludge, whichever is lower.




1.22.3 Operational Standard

Subpart C also includes operational standards to control pathogens and vectors (e.g.,
insects, rodents, birds) that are capable of transporting infectious agents. These requirements for
pathogens and vector attraction reduction are detailed in Subpart D of the Part 503 rule. The
pathogen requirements in Subpart D apply to sewage sludge (excluding dc.)‘mestic septage) placed
on an active sewage sludge unit unless a specific soil cover requirement is met
(503.33[b][11]). For domestic septagé, pathogens are controlled through management practices
as specified in Subpart C of Part 503 and 40 CFR Part 257 (see Section 8.1). The vector
attraction reduction requirements apply to sewage sludge (including domestic septage) that is

placed on an active sewage sludge unit.

1.22.4 Management Practices

Subpart C includes several management practices that are required for the surface

disposal of sewage sludge, including:

° Threatened or endangered species—Sewage sludge cannot be placed on an active
sewage sludge unit if it is likely to adversely affect a threatened or endangered
species listed under Section 4 of the Endangered Species Act or its designated
critical habitat. EPA will develop guidance to carry out this provision, consistent
with the Endangered Species Act.

® Base flood—An active sewage sludge unit may not restrict the flow of a base
* - flood.
° Geological stability—Three management practices state that an active sewage

sludge unit must: (a) be located at least 60 meters from a fault (unless otherwise
specified by the permitting authority); (b) not be located in an unstable area; and
(c) if located in a seismic impact zone, withstand certain ground movements.

° Wetlands—An active sewage sludge unit may not be located in a wetland (unless
a permit was issued under Sccnon 402 or 404 of the Clean Water Act).

. Runoff—Two management practices specify that: (a) runoff from an active sewagc

sludge unit must be collected and disposed according to requirements of the
National Pollutant Discharge Elimination System and any other applicable
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requirements; and (b) the runoff collection system must have the capacity to
handle runoff from a 24-hour, 25-year storm event.

® Leachate-——Two management practices require that for active sewage sludge units
with a liner and leachate collection system: (a) the leachate collection system must
be operated and maintained; and (b) leachate must be collected and disposed
according to applicable requirements. Both of these management practices must
be conducted while the unit is active and for three years after-the unit closes,

e  Methane gas concentrations—For an active sewage sludge unit that receives a
cover material, limits are established on the concentration of methane gas (based
on its lower explosive limit) both within structures (i.e., buildings) on the surface
disposal site and in air at the property line of the site. For a unit that receives a
final cover at closure, the same concentration limits apply for three years after the
unit closes, unless the permitting authority specifies otherwise.

. Crops—TFood, feed, or fiber crops may not be grown on an active sewage sludge
unit unless the owner/operator of the site demonstrates to the permitting authority
that, through management practices, public health and the environment can be
protected from reasonably anticipated adverse effects of pollutants in sewage .
sludge when the crops are grown. '

] Grazing—Animals may not graze on an active sewage sludge. unit unless the .
" owner/operator of the site demonstrates to the permitting authority that public
health and the environment can be protected from reasonably anticipated adverse
effects of pollutants in sewage sludge when the animals are grazed. f

i

. Public access—Public access to a surface disposal site must be restricted while the
site contains an active sewage sludge unit and for three years after the last active
sewage sludge unit closes. ‘ =

° Ground water—Sewage sludge placed on an active sewage sludge unit may not
contaminate an aquifer. This demonstration must be confirmed by the results of a
ground water monitoring program developed by a qualified ground water scientist
or a certification by a qualified ground water scientist. !

)
i

1.2.2.5 Other Reqz'a'rements (Frequency of Monitoring, Recordkeeping, and Reporting)

For sewage sludge placed on an active sewage sludge unit, there are additional ‘
requirements related to the Part 503 standard, including frequency of monitoring, reoordkeéping,
and reporting. The frequency of monitoring for arsenic, chromium, nickel, pathogens, and

selected vector attraction reduction requirements ranges from once per year to once per month,

depending on the amount of sewage sludge placed on an active sewage sludge unit. The
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regulation allows the permitting authority to modify the frequency of monitoring for the three
pollutants and for pathogens after the sewage sludge has been monitored for a period of two
years in accordance with Subpart C, as long as the frequency of monitoring is at least once per
year. In addition, continuous monitoring for methane gas is required within structures on the
surface disposal site and in air at the property line while the site contains an active sewage sludge
unit that is covered, and for three years after the unit closes if a final cover is placed on the
sewage sludge. If the vector attraction reduction requirements are met for domestic septage
placed on an active sewage sludge unit, each container of domestic septage must be monitored

for compliance with those requirements.

Any person who prepares sewage sludge for placement on an active sewage sludge unit
must retain certain data for a period of five years. These data include the concentrations of
arsenic, chromium, and nickel in the sewage sludge, as well as certification that the requix‘{;ments
for pathogens and vector attraction reduction (if achieved through a preparation process) have
been met, along with a description of how these requirements have been met. In addition, the
owner/operator of a surface disposal site must retain pollutant concentration data and must
identify and describe how required management practices have been met. Additionally, the
owner/operator must certify and describe vector attraction reduction requirements achieved
through a management-type practice (e.g., daily cover). Persons placing domestic sepfage on a'
surface disposal site must retain information certifying that vector attraction reduction

requirements have been met, along with a description of how these requirements have been met.

The reporting requirements under Subpart C pertain to Class I sludge management
facilities and treatment works with a flow rate equal to or greater than one million gallons per
day (MGD) or that serve a population of 10,000 people or greater. These specified facilities

where sewage sludge is placed on a surface disposal site are required to report yearly to the

permitting authority.




13 SCOPE OF THE TECHNICAL SUPPORT DOCUMENT FOR THE SURFACE
DISPOSAL OF SEWAGE SLUDGE

This document consists of 10 sections, including this introduction. The next section,
Section ’I‘wo; provides an overview of the different types of surface disposal sites, such as ‘
monofills and surface impoundments. Section Three is 2 general discussion of EPA risk
assessment methodolegy, while Sectiop Four discusses_the process by which EPA selected th:e

pollutants for which the risk assessment was conducted.

Section Five provides a detailed discussion of the risk assessment methodo'logy
established for the surface disposal of sewage sludge, which is the basis for developing pollufant
limits on the concentration of the three inorganic pollutants in sewage sludge. This section also
contains sample calculations deriving the pollutant criteria used to develop the pollutant lknif;.
In addition, it explains the rationale for using the numerous technical and risk-based factors in
the risk assessment equations. Section Six presents the pollutant limits for the surface dispoéal
of sewage sludge and explains their derivation from the risk assessment results. Section Seven .
provides more detail on the management practices required under Subpart C, while Section
Eight presents the operational standards for pathogens and vector attraction reduction. Seaion
Nine describes the frequency of monitoring, recordkeeping, and reporting requirements. '
References appear in Section Ten, and six appendices are provided as supporting material.

Appendix A consists of the text of Part 503, Subpart A, Subpart C, and Subpart D.
Appendix B, Appendix C, and Appendix D all pertain to aspects of the detailed risk assessment
presented in Section Five. Appendix B relates to the partitioning of the evaluated cohtamingnts
among air, water, and solids in the soil. Appendix C presents the derivation of the first-order
coefficient for losses from leaching. Appendix D derives a "square wave” function for the ;
monofill prototype. In Ap'hpenclix E, a detailed explanation is given for the deletion of pollutants
from the Part 503 regulation based on the results of the risk assessment. Appendix F provid;:s
the calculation of the amount of sewage sludge used or disposed, which is used to determine jthe

Part 503 frequency of monitoring requirements.
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SECTION TWO

SURFACE DISPOSAL OF SEWAGE SLUDGE {

2.1 INTRODUCTION

Surface disposal is defined in the Part 503 regulation as an area of land that contains one
or more active sewage sludge units. A sewage sludge unit is an area of land on which only |
sewage sludge is placed for final disposal. Various types of surface disposal sites exist, incinding
monofills (landfills containing only sewage sludge), surface impoundments, lagoons, waste g:éiles,
and dedicated sites. The Part 503 regulation does not require sewage sludge units to have z:zvdaily
or final cover, as is required of some other types of solid waste disposal practices (¢.g. mur’;{sipal
landfills). However, cover material, usually soil, is sometimes used at surface disposal sites to
minimize odors and help prevent vectors (e.g., insects, rodents, birds) from contai:ting the sewage
sludge and sprcadiﬁg contaminants. Some of the different types of surface disbosal sites
regulated by the Part 503 rule are discussed in more detail later in this section.

2.2 EXCLUSIONS

-

The Part 503 regulation applies only to surface disposal sites used for final disposal ;of
sewage sludge and not to sites on which sewage sludge is treated or on which sewage sludge is
stored for less than 2 yéars. Treatment is the preparation of sewage sludge for final use oré
disposal. Examples of treatment processes include thickening, stabilizing, and dewatering. '
Storage is the placement of sewage sludge on an area of land (except for treatment) on which
the sewage sludge remains for 2 years or less. Therefore, sites such as aeration lagoons th&i are
used for treatment of sewage sludge are not regulated by the Part 503 rules, and sites such as
storage piles are not covered for 2 years, unless the treatment works can justify a longer stdmgé
period. The Part 503 regulgtion also does not apply to sites where sewage sludge is codispc;sed

with refuse (e.g., municipal solid waste landfills).
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23 TYPES OF SURFACE DISPOSAL SITES

23.1 Monofills

Monofills are landfills that contain only dewatered sewage slﬁdge. Types of monofills
include trenches and area-fills (mounds, layers, and diked containments). .Monofill trenches can
be wide or narrow, with each size requiring different sewage sludge characteristics. Trenches
range from 1 to 15 meters (m) (3-50 feet [ft]) wide. In narrow trenches (1-3 m [3-10 ft] wide),
dewatered sewage sludge is usually deposited in the trench from a haul vehicle alongside the
ditch. To ensure that the sewage sludge will spread evenly throughout a narrow trench, sewage

sludge should be less than 30 percent solids and the trench floor should be nearly level.

»
fa

A wide trench (3-15 m [10-50 ft] wide) allows a vehicle to work within the trench itself.
For wide monofill trenches, the sewage sludge should be at teast 30 percent solids (which may
include bulking material, such as fine sénd) to ensure that it will stay in piles and not slump.
The addition of a bulking agent is generally not cost-effective if the sewage sludge solids content
is less than about 20 percent. If the sewage sludge solids content is too low, the sewage sludge
should undergo additional dewatering at the treatment plant before being transported to the -

monofill.

Sewage sludge in monofill trenches is often covered with soil the same day it is deposited
to minimize odors and to prevent insects, birds, and other vectors from contacting the sewage
sludge and spreading contaminants.  As each new trench is dug, the excavated soil is used to
cover the sewage sludge in a nearby trench. If the sewage sludge is §olid enough to support a
vehicle- (greater than about 30 percent solids), a soil cover can be applied by a vehicle within the
trench. For sevi;age sludge containing less than 30 percent solids, the cover should be applied by

a front-end loader or dragline next to the ditch.

Sewage sludge applications for narrow trenches range from about 460 to 2,120 dry metric
tons per hectare (dry mt/ha) (200 to 940 tons per acre [tons/ac]), including areas between
trenches. Wide trench operations can accommodate larger sewage sludge applications than

narrow trenches, ranging from about 1,200 to 5,430 dry mt/ha (530-2,440 tons/ac).
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If covers are used for monofill trenches, the sewage sludge generally should contai@ at
least 20 percent solids to support _tl_:e cover material. Narrow trenches can handle sewage éludge
with as low as 15 percent solids because the ground on either side helps support the cover.%

At area fills, another type of monofill, sewage sludge is placed on the original grouﬁd
surface. Excavation is not required (as it is with trenches) because sewage sludge is not plzitced
below the ground surface. Area fills-are often used at sites with shallow depths to bedrocli< or
ground water. There are three types of area-fill applications: area-fill mounds, area-fill la}flers,

and diked containment. These are discussed below.

In area-fill mounds, the sewage sludge solids content should be no more than 20 percent.
Sewége sludge is mixed with a soil-bulking agent to produce a mixture that is physically mqre
stable and has greater weight-bearing capacity. The sewage sludge is usually mixed at one )
location and then hauled to the filling area. At the filling area, the mixture is stacked into.
mounds approximately 2 m (6 ft) high, and 1 m (3 ft) of cover material is applied.

In area-fill layer applications, sewage sludge is received at the site and mixed with a soil-
bulking agent. The mixture is spread evenly in layers from 0.2 to 1 m (0.5 to 3 ft) thick in a
number of applications. An interim soil cover is applied between consecutive layers in 0.2 j,to
0.3 m (05 to 1 ft) thick applications. The final soil cover is from 0.6 to 1 m (2 to 3 ft) thick.

In diked containment applications, dikes are constructed on level ground around allf four

sides of a containment area. Access is provided to the top of the dike so that haul vehicles can
dump sewage sludge directly into the containment area. Usually, diked containment opcraiions
are conducted without adding soil-bulking agents. Diked containments are relatively lai'ge,fwith
typical dimensions of 3 to 152 m (10 to 500 ft) wide, 30 to 61 m (100 to 200 ft) long, and 0.3 to
9m (1 to 30 ft) deep. | |




2.3.2 Surface Impoundments

Surface impoundments are surface disposal sites for sewage sludge generally containing
more liquid than sewage sludge placed in monofills. The solids content of sewage sludge in
surface impoundments is usually between 2 and 5 percent. The water level in the impoundment
is maintained at a constant height by using an outflow pipe. Liquid usually leaves the
impoundment through both the outflow pipe and seepage through the base of the impoundment.
Settling of particulate matter occurs over time,-and a layer of sediment accumulates on the floor
of the impoundment. Eventually, the sediment layer reaches the top of the impoundment and no
further inflow is possible. The impoundment is then either covered and closed or the sewage

sludge can be dredged and disposed in another manner.

-

233 Dedicated Sites

Dedicated sites are surface disposal sites on which sewage sludge is spread at greater than
agronomic rates. Thus, the sites do not quaiify as land application sites under Subpart B of Part
503.2 These sites are often located onsite at the treatment works and receive multiple

‘applications of sewage sludge each year for a number of yearg, usually for the sole pufpose of
final disposal. Dedicated sites range in size from less than 10 acres to greater than 10,000 acres.

Public access to dedicated sites is strictly controlled to protect public health.

Very few dedicated sites are used to grow food, feed, and/or fiber crops or vegetative
cover. These are known as dedicated beneficial use sites. The sewage sludge increases the soil’s
productivity and can reduce soil erosion and acidity. The high application rates of sewage sludge
placed on these sites can reclaim and restore marginal and disturbed soils, such as strip mines, by

supplying nutrients that act as fertilizers, as well as organic matter that conditions the soil.

’An agronomic rate is the whole sludge application rate (dry weight basis) designed to: (1)
provide the amount of nitrogen needed by the food crop, feed crop, fiber crop, cover crop, or
vegetation grown on the land and (2) minimize the amount of nitrogen in the sewage sludge that
passes below the root zone of the crop or vegetation grown on the land to the ground water.
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SECTION THREE
RISK ASSESSMENT METHODOLOGY

This chapter discusses current EPA. methods and established Agency policy for
performing a risk assessment. This process was outlined originally by the National Academy of
Sciences (NAS, 1983) and was established as final Risk Assessment Guidelines in the Federal
Register (U.S. EPA, 1986b). Five typés of guidelines were issued:

Guidelines for Carcinogen Assessment

Guidelines for Estimating Exposure

Guidelines for Mutagenicity Risk Assessment

Guidelines for Health Effects of Suspect Developmental Toxicants
Guidelines for Health Risk Assessment of Chemical Mixtures.

The Risk Assessment Methodology consists of four distinct steps: hazard identification,

dose-response evaluation, exposure evaluation, and ¢haracterization of risks. i

3.1 HAZARD IDENTIFICATION

The'primary purposes of hazard identification are to determine whether the chemical ;
poses a hazard and whethet there is sufficient information to perform a quantitative risk
assessment. Hazard identification consists of gathering and evaluating all relevant data that help
determine whether a chemical poses a specific hazard, then qualitatively evaluating those data on
the basis of the type of health effect produced, the conditions of exposure, and the metabolic
processes that govern chemical behavior within the body. Thus, the goals of hazard 1dent1ﬁcanon
are to determine whether it is appropriate scientifically to infer that effects observed under one

set of conditions (e.g., in experimental animals) are likely to occur in other settings (e.g., in

human béings), and whether data are adequate to support a quantitative risk assessment.




The first step in hazard identification is gathering information on the toxic properties of
chemical substances. The principal methods are animal studies and controlled epidemiological

investigations of exposed human populations.

The use of animal toxicity studies is based on the longstanding assumption that effects in
human beings can be inferred from effects in animals. There are three cate;gorieS of animal
bioassays: acute exposure tests, subchronic tests, and chronic tests. The usual starting point for
such investigations is the study of acute toxicity in.experimental animals. Acute exposure tests
expose animals to high doses for short periods of time, usually 24 hours or less. The most
common measure of acute toxicity is the lethal dose (LDs,), the average dose level that is lethal
to 50 percent of the test animals. LDy, refers to oral doses. LC, designateé the inhalation dose
at which 50 percent of the animals exposed died. LCj, is also used for aquatic toxicity tests apd
refers to the concentration of the test substance in the water that results i in 50 percent mortahty
in the test species. Substances exhibiting a low LDy, (e.g., for sodium cyanide, 6.4 mg/kg) are
more acutely toxic than those with higher values (e.g., for sodium chloride, 3,000 mg/kg)

(NIOSH, 1979).

Subchronic tests for chemicals involve repeated exposures of test animals for 5 to 90 déys,
depending on the animal, by exposure routes corresponding to human exposures. These tests are
used to determine the No Observed Adverse Effect Level (NOAEL), the Lowest Observed
Adverse Effect Level (LOAEL), and the Maximum Tolerated Dose (MID). The MTD is the
largest dose a test animal can receive for most of its lifetime without demonstrating adverse
effects other than cancer. In studies of chronic effects of chemicals, test animals receive daily
doses of tﬁe test agent for approximately 2 to 3 years. The doses are lower than those used in
acute and subchronic studies, and the number of animals is larger because these tests are trying

to detect effects that will be observed in only a small percentage of animals.

The second method of evaluating health effects uses epidemiology—the study of patterns
of disease in human populations and the factors that influence these patterns. In general,
sc.icn_tists view well-conducted epidemiological studies as the most valuable information from
which to draw inferences about human health risks. Unlike the other approaches used to ‘
evaluate health effects, cpidemidlogicai methods evaluate the direct effects of hazardous

substances on human beings. These studies also help identify human health hazards without




requiring prior knowledge of disease causation, and they complement the information gaineid

from animal studies.

Epidemiological studies compare the health status of a group of persons who have been
exposed to a suspected causal agent with that of a comparable nonexposed group. Most ‘
epidemiological studies are either case-control studies or cohort studies. In case-control studies,
a group of individuals with specific disease is identified (cases) and compared with individua;ls
not having the disease (controls) in an attempt to-ascertain commonalities in exposures thex may
have experienced in the past. Cohort studies start with a group of people (a cohort) considered
free of the disease under investigation. The health status of the cohort known to have a
common exposure is examined over time to determine whether any specific condition or cause of
death occurs more frequently than might be expected from other causes. , -

Epidemiological studies are well suited to situations in which exposure to the risk agent is
relatively high; the adverse health effects are unusual (e.g., rare forms of cancer); the symptems
* of exposure are known; the exposed population is clearly defined; the link between the causal
risk agent and adverse effects in the affected population is direct and clear; the risk agent is,
present in the bodies of the affected population; and high levels of the risk agent are present in
the environment.

|

The next step in hazard identification is to combine the pertinent data to ascertain the
degree of hazard associated with each chemical. In general, EPA uses different approaches for
qualitatively assessing the risk or hazard associated with carcinogenic versus noncarcmogemc
effects. For noncarcinogenic health effects (e.g., systemic toxicity), the Agency’s hazard
identification/weight-of-evidence determination has not been formalized and is based only on a

qualitative assessment.

EPA’s guidelines for carcinogenic nisk assessment (U.S. EPA, 1986b) group all human
and animal data reviewed into the following categories based on degree of evidence of

carcinogenicity:

° Sufficient evidence

o Limited evidence (e.g., in animals, an increased incidence of benign tumors only)

t
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° ' Inadequate evidgnce
® No data availabl'e& -

®  No evidence of carcinogenicity.

Human and animal evidence of carcinogenicity in these .categories is combined into the
following weight-of-evidence classification scheme: '

] Group A—Human carciﬁogen

° Group B—Probable human carcinogen

Bl1—Higher degree of evidence

B2—Lower degree of evidence

L Grbup C—Possible human carcinogen :
° Group D—Not classifiable as to human carcinogenicity
e  Group E—Evidence of noncarcinogenicity

Group B, prdbable human carcinogens, is usually divided into two subgroups: BI,
chemicals for which there is some limited evidence of carcinogehicity from epidemiology studies;
and B2, chemicals for which there is sufficient evidence from animal studies but inadequate
evidence from epidemiology studies.” EPA treats chemicals classified in categories A and B as
suitable for quantitative risk assessment. Chemicals classified as Category C receive varying
treatment with respect to dose-response assessment, and they are determined on a case-by-case
basis. Chemicals in Groups D and E do not have sufficient evidence to support a quantitative

dOSC-l'CSpOﬂSC assessment.

The following factors are evaluated by judging the relevance of the data for a particular
chemical:
° Quality of data.

. Resolving power of the studies (significance of the studies as a function of the
' number of animals or subjects).

L Relevance of route and timing of exposure.

L] Appropriateness of dose selection.
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* @  Replication of effects.
° Number of species examined.

e  Auvailability of human epidemiologic study data. 7
™ Relevance of tumors observed (e.g., forestomach, mouse liver, male rat kidney)

Although the information gathered during the course of identifying each chemical ha?,ard
is not used to estimate risk quantitatively, hazard identification enables }'gsearchcrs to
characterize the body of scientific data in such a way that two questions can be answered: .

(1) Is a chemical a hazard? and (2) Isa quantitative assessment appropriate? The folloWingitwo

sections discuss how such quantitative assessments are conducted.
‘o

3.2 DOSE-RESPONSE EVALUATION

Estimating the dose-response ‘reiationships for the chemical under review is the second
step in the risk assessment methodology. Evaluating dose-response data involves quantitativély
characterizing the connection between exposure to a chemical (measured in terms of quantity
and duration) and the extent of toxic injury or disease. Most dose-response relationships are
estimated based on results of animal studies, because even good epidemiological studies rarely
have reliable information on exposure. Therefore, this discussion focuses primarily on dose- |

response evaluations based on animal data.

There are two general approaches to dose-responSe evaluation, depending on whether the
health effects are based on threshold or non.threshold characteristics of the chemical. In this
context, thresholds refer to expos{xre levels below which no adverse health effects are assumed to
occur. For effects that involve altering genetic material (including carcinogenicity and ‘
mutagenicity), the Agency’s position is that effects may take place at very low doses, and
therefore, they are modeled with no thresholds. For most other biological effects, it is usually

(bui not always) assumed that "threshold” fevels exist.

For nonthreshold effects, the key assumption is that the dose-response curve for such’
chemicals exhibiting these effects in the human population achieves zero risk only at zero dose.

A mathematical model is used to extrapolate response data from doses in the observed
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(experimental) range to response estimates in the low-dose ranges. Scientists have develbped
several mathematical models to estimate low-dose risks from high-dose experimental risks. Each
model is based on general theories of carcinogenesis rather than on data for specific chemicals.
The choice of extrapolation model can have a significant impact on the dose-response estimate.
For'this reason, the Agency’s cancer assessment guidelines recommend the use of the multistage
model, which yields estimates of risk that are conservative, representing a plausible upper limit of
risk. With this approach, the estimate of risk is not likely to be lower than the true risk (U.S.
EPA, 1986b). |

The potency value, referred to by the Carcinogenic Assessment Group as gq,", is the
quantitative expression derived from the linearized multistage model that gives a plausible upper-
boﬁnd estimate to the slope of the dose-response curve in the low-dose range. The q;"is ,*
expressed in terms of risk-per-dose, and has units of (mg/kgeday)?. These values should be used

' only in dose ranges for which the statistical dose-response extrapolation is appropriate. EPA’s
q, values can be found in the Integrated Risk Information System (IRIS), accessible through the

National Library of Medicine.

Dose-response relationships are assumed to exhibit threshold effects for systemic
toxicants or other compounds exhibiting noncarcinogenic, nénmutagenic health effects. Dose-
response evaluations for substances exhibiting threshold responses involve calculating what is
Icnown as the Reference Dose (oral exposure) or Reference Concentration (inhalation expoéure),
abbreviated to RfD and RfC, respectively. This measure is used as a threshold level for critical
noncancer effects below which a significant risk of adverse effects is not expected. The RfDs and
RfCs developed by EPA can be found in IRIS. | |

The RfD/RfC meéthodology uses four experimental levels: No Observed Effect Level
(NOEL), No Observed Adverse Effect Level (NOAEL), Lowest Observed Effect Level (LOEL),
or Lowest Observed Adverse Effect Level (LOAEL). Each level is stated .in mg/kg*day, and all
the levels are derived from laboratory animal and/or human epidemiology data. When the
appropriate level is determined, it is then divided by an appropriate uncertainty (safety) factor.
The magnitude of safety factors varies according to the nature and quality of the data from
which the NOAEL or LOAEL is derived. The safety factors, ranging from 1 to 10,000, are used
to.extrapolate from acute to chronic effects, interspecies sensitivity, and variation in sensitivity in

human populations. They are also used to extrapolate from a LOAEL to a NOAEL. Ideally. for
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all threshold effects, a set of route-specific and effect-specific thresholds should be developed.% If
information is available for only one.route of exposure, this value is used in a route-to-route
extrapolation to estimate the appropriate threshold. Once these values are derived, the next step
is to estimate actual humman (or animal) exposure. ' | |

33 EXPOSURE EVALUATION

- t

Exposure evaluation uses data concerning the nature and size of the population exposed
to a substance, the route of exposure (i.e., oral, inhalation, dermal), the extent of exposure

(concentration times time), and the circumstances of exposure.

-

There are two ways of estimating environmental concentrations:

. Directly measuring levels of chemicals (monitoring)

L] Using mathematical models to predict concentrations (modeling)

In addition, an analysis of population exposure is necessary.

3.3.1 Monitoring

Monitoring involves collecting and analyzing environmental samples. These data provide
the most accurate information about exposure. The two kinds of exposure monitoring are

personal monitoring and ambient (or site and location) monitoring. .

Most exposure assessments are complicated by the fact that human beings move from '
place to place and are therefore exposed to different risk agents throughout the day. Some
exposure assessments attempt to compensate for this variability by personal monitoring. Personal
monitoring uses one or more techniques to measure the actual concentrations of hazardous

substances to which individuals are exposed. One technique is sampling air and water. The

amount of time spent in various microenvironments (i.e., home, car, or oifice), may be combined

ran,




with data on environmental concentrations of risk agents in those microenvironments to estimate

exposure.

Personal monitoring may also include the sampling of human body fluids (e.g., blood,
urine, or semen). This type of monitoring is often referred to as biological monitoring or
biomonitoring. Biological markers (also called biomarkers) can be classified as markers of
exposure, of effect, and of susceptibility. Biological markers of exposure measure exposure éither
to the exogenous material, its nietabolite(s), or o the interaction of the xenobiotic agent with the
target cell within an organism. An example of a biomarker of exposure is lead concentration in
blood. In contrast, biologic markers of effect measure some biochemical, physiologic, or other
alteration within the organism that points to impaired health. (Sometimes the term
biomdnitoring is also used to refer to the regular sampling of animals, plants, or microorgani$ms
in an ecosystem to determine the presence and accumulation of pollutants, as well as their effects

on ecosystem components.)

Ambient monitoring (or site or location monitoring) involves collecting samples from the
air, water, soil, or sediments at fixed locations, then analyzing the samples to determine
environmental concentrations of hazardous substances at the locations. Exposures can be further

evaluated by modeling the fate and transport of the pollutants. '

3.3.2 Modeling

Measurements are a direct and preferred source of information for exposure analysis.
Howcvér, such measurements are expensive and are often limited geographically. The best use
of such data is to calibrafe mathematical models that can be more widely applied. Estimating
concentrations using mathematical models must account not only for physical and chemical
properties related to fate and trahsport. but must also document mathematical properties (e.g.,
analytical integration vs. statistical approach). spatial properties ‘(e.g., one, two, or three

dimensions), and time properties (steady-staté¢ vs. nonsteady-state).

Hundreds of models for fate, transport. and dispersion ﬁom the source are available for
all media. Models can be divided into five general types by media: afmosphen’c models, surface-

water models, ground-water and unsaturated-zone models, multimedia models, and food-chain
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models. These five types of models are primarily applicable to chemicals or to radioactive
materials associated with dusts and other particles.

Selecting a model for a given situation depends on the following criteria: capability of,
the model to account for important transport, transformation, and transfer mechanisms; fit of the
model to site-specific and substance-specific parameters; data reqmrements of the model,
compared to availability and reliability of off-site information; and the form and content of the
model output that allow it to address important questions regarding human exposures. '

To the extent possible, selection of the appropriate fate and transport model should
follow guidelines specified for particular media where available; for example, the Guidelines on

Air Quality Models (U.S. EPA, 1986c). >

-
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333 Population Analysis

Population analysis involves describing the size and characteristics (e.g., age/sex
distribution), location (e.g., workplace), and habits (e.g., food consumption) of potentially
exposed human and nonhuman populations. Census and other survey data often are useful in

identifyirig and describing populations exposed to a chemical.

Integrated exposure analysis invoives calculating exposure levels, along with describing the
exposed populations. An integrated exposure analysis quantifies the contact of an exposed |
population to each chemical under investigation via all routes of exposure and all pathways from
the sources to the exposed individuals. Finally, uncertainty should be described and quantiﬁecf to

the extent possible.

34  RISK CHARACTERIZATION

This final step in the risk assessment methodology involves integrating the information |
developed in hazard identification, dose-response assessment, and exposure assessment to derive
quantitative estimates of risk. Qualitative information should also accompany the numerical risk

- estimates, including a discussion of uncertainties, limitations, and assumptions. It is useful to
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distinguish methods used for chemicals exhibiting threshold effects (i.€., most noncarcinogens)

from those believed to lack a reSponsé threshold (i.e., carcinogens).

For carcinogens, individual risks are generally represented as the probability that an
individual will contract cancer in a lifetime as a result of exposure to a particular chemical or
group of chemicals. Population risks are usually estimated based on expected or average
exposure scenarios (unless information on distributions of exposure is available). The number of
persons above a certain risk level, such as 10, or above a series of risk levels (10, 10%, etc.), is
another useful descriptor of population risks. Thus, individual risks also may be presented using
curulative frequency distributions, where the total number of people exceeding a given risk level

is plotted against the individual risk level.

For noncarcinogens, dose-response data above the threshold are usuaily lacking.
Therefore, risks are characterized by comparing the dose or concentration to the threshold level,
using a ratio in which the dose is placed in the numerator and the threshold in the denominator.
Aggregate population risks for noncarcinogens can be characterized by the number of people
exposed above the RfD or RfC. Recall that the hazard identification step for threshold
chemicals is addressed qualitatively beéausé no formal Agency weight-of-evidence evaluation is
cﬁrrently available for noncarcinogenic chemicals. The same approach can be used to assess
both acute and chronic hazards. For assessing acute effects, the toxicity data and exposure

assessment methods must account for the appropriate duration of exposure.
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SECTION FOUR

POLLUTANTS AND PATHWAYS OF CONCERN FOR PART 503
RISK ASSESSMENT FOR THE SURFACE DISPOSAL OF SEWAGE SLUDGE

Which pollutants are regulated under the Part 503 regulation depends on the sewage
sludge use or disposal practice—surface disposal, land application, or incineration. Subpart 'C,
Surface Disposal, establishes limits for three pollutants for sewage sludge placed on a suﬁéce
disposal site. This section describes how EPA selected the 17 pollutants for which the Agency
conducted detailed risk assessments and discusses the data bases used to collect information
about the pollutants. Following a detailed explanation of the risk assessment methodology%in
Section Five, Section Six explains how EPA used the risk assessment results to select the t}jgee
pollutants and establish limits for these péllutants in the final Part 503 regulation for sewage
sludge placed on a surface disposal site. '

Since the pollutants to be regulated under all sewage sludge use or disposal practicés
were selected concurrently, this section discusses the selection process broadly ahd, where
appropriate, focuses on the pollutants of concemn in sewage sludge placed on a surface dispbsal
site. Those interested in greater detail on the pollutant evaluation process are encouraged;to
refer to the following documents: The Record of Proceedings on the OWRS Municipal Smaée
Sludge Committees and Summary of the Environmental Profiles and Hazard Indices for Constztuents
of Municipal Sludge (U S. EPA, 1983a; 1985a).

4.1 INITIAL LIST OF POLLUTANTS |

In the Spring of 1984, EPA cnlisted the assistanice of federal, state, academic, and p}ivate
sector experts to determine which pollutants likely to be found in sewage sludge should be -
further examined as possible candidates for regulation under the Part 503 standard. These
experts screened a list of approximately 200 pollutants in sewage sludge that, when sewage sludge
is used or disposed, could cause adverse human health or environmental effects. Many of the

pollutants placed on the initial list for consideration came from the Clean Water Act’s list of
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Priority Pollutants and Appendix VIII of the Resource Conservation and Recovery Act, and were
based on available information such as human health effects, domestic and wildlife effects,
aquatic toxicity, plaﬂt uptake, phytotoxicity, and frequency of occurrence. The experts were
requested to review and revise the list, adding or deleting pollutants, based on the following

criteria:

° Pollutants in sewage siudge for which an adequate database existed to indicate the
hazard posed to human heaith and/or the environment (i.e., potential health
hazards); )

° Pollutants in sewage sludge for which sufficient data existed to exclude them as
hazards to human health and/or the environment; or

L] Pollutants in sewage sludge for which insufficient data were available to determine

if they posed a human health and/or environmental problem. 2

Based on qualitative assessments of each of the apprbximately 200 initial pollutants, the
committee of experts recommended that the Agency gather additional environmental information
on 50 pollutants (s