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ABSTRACT

Publicly-owned treatment works (POTWs) are a source of potentially
toxic organic compound (PTOC) emissions for which limited data are
available. This study was commissioned by the California Air Resources
Board (CARB) in order to assess the potential for PTOC emissions from
municipal wastewater treatment plants (MWTPs) and collection systems
throughout California. The fates of 16 PTOCs were reviewed in terms of
volatilization, biodegradation, and adsorption to solids and biomass as
the primary removal mechanisms from wastewater. For the compounds that
were studied, it was concluded that volatilization is the dominant remo-
val mechanism in MWTPs. However, the paucity of existing data regarding
the occurrence and distribution of PTOCs in collection systems made it
impossible to estimate emissions from those sources. A methodology was
developed to predict PTOC emissions from 589 MWTPs in California. A
limited but growing data base was used along with extrapolation methods
to estimate speciated PTOC emissions from MWTPs on statewide, county-by-
county, and plant-by-plant bases. The results indicated that approxi-
mately 800 tons per year (tpy) of total PTOCs were emitted from MWTPs
throughout California. Toluene and methylene chloride dominated the
total PTOC emissions. Each was estimated to have been emitted in excess
of 200 tpy. A small number of the 589 MWTPs were identified as having
accounted for a large fraction of the total PTOC emissions. Further-
more, a comparison of PTQC emissions from two large MWTPs in the South
Coast Air Basin (SCAB) suggested that emissions of some PTOCs from those
sources were comparable to, and possibly greater than, emissions from
the largest known point sources in the SCAB. Finally, specific MWTPs
and treatment processes were recommended for future source sampling, and
areas that will require future research in order to reduce the uncer-
tainties in emissions estimates were identified.



1. INTRODUCTION

Recent concerns regarding human exposure to potentially toxic
organic compounds (PTOCs) and the role that PTOCs play in the formation
of photochemical air pollution have necessitated a review of PTOC
emission sources. Municipal wastewater treatment plants (MWTPs) are a
source of PTOC emissions for which limited data are available. This
document reports the findings of a study to assess the potential for
PTOC emissions from publicly-owned treatment works (POTWs) in
California.

Specific Objectives

The work objectives that were specified in the Request for Proposals
(RFP), issued by the California Air Resources Board (CARB), are sum-
marized below.

1. Conduct a literature search to obtain information regarding emissions
of PTOCs from POTWs. The PTOCs to consider include acrylonitrile, ben-
zene, bromodichloromethane, carbon tetrachloride, chlorobenzene, chloro-
form, dibromochloromethane, 1,l-dichloroethylene, 1,2-dichloroethane,
ethylbenzene, methylene chloride, perchloroethylene, toluene, 1,1,l-tri-
chloroethane, trichloroethylene, and vinyl chloride.

2. Develop and/or refine models for estimating emissions of the 16 PTOCs
from POTWs.

3. Complete a county-by-county inventory of POTWs in California and rank
them by capacity.

4. Estimate the quantity and ultimate method of disposal of sludge and
solid refuse recovered by MWTPs in California.

5. Estimate the fraction of each PTOC that adsorbs to sludge.

6. Using the models and methods described above, complete county-by-
county and statewide emission estimates for methane and non-methane
hydrocarbons, and total and speciated PTQCs. The level of confidence
associated with the estimates will also be addressed.



7. Include a comprehensive description of all data bases used in the
compilation of the emissions inventory, and indicate explicitly which
data were taken from each data base.

8. Prepare a finmal report which describes, in detail, the projected
PTOC emissions, as well as the models and methods used to arrive at
those projections. A discussion of data acquisition techniques, mathe-
matical calculations, uncertainties in estimates, and recommendations
for future sampling are to be included.

In addition to the objectives specified in the RFP, the following
additional tasks were completed as it was felt that the resulting
information would be useful to the staff of the CARB during future
emission studies.

1. For emission inventory purposes, the location (latitude and 1longi-
tude) of every MWTP in the state of California were obtained.

2. In addition to the methodology applied to estimate the total emis-
sions from each POTW, treated as individual point sources, a model was
developed to estimate emissions from specific wastewater treatment pro-
cesses. With knowledge of the individual process locations, the model
will allow for greater spatial resolution with respect to emissions
estimates based upon entire MWTPs. The process-specific model can be
used with standard Gaussian dispersion models to predict downwind con-
centrations. The detailed emissions model is the subject of Appendix H
of this report.

3. During the course of this study, it became evident that the quantity
of trihalomethanes (THMs) formed in MWTPs is often greater, as a result
of chlorination practices in the MWTP, than that received in the
influent to the MWTP. Thus, a review of the factors affecting THM
formation, potential precursors, and evidence of THM formation in
California is included.

A combination of a lack of existing sample data on total methane
and non-methane hydrocarbon emissions or a suitable surrogate, prevented



us from making reliable estimates of those emissions. That objective
was not accomplished.

Scope

Many organic compounds can be found in the influent to MWTPs.
However, because of the limited time and resources associated with this
contract, a manageable list of 16 PTOCs was selected for review as
requested in the RFP. Although many other potentially toxic organic
compounds exist, throughout the remainder of this report, the term
"PTOCs"™ will refer to the subset comprised of those 16 compounds
noted previously.

The contract did not provide for actual field sampling for the
PTOCs. Thus, the completion of those objectives involving quantitative
estimates of PTOCs required the use of existing data bases. Un-
fortunately, existing data bases are incomplete with respect to PTOC
mass loadings into MWTPs. In addition, those facilities that have
sampled for PTOCs typically sample on a very infrequent basis (e.g., 4
days per year). The existing data base is expected to improve in the
following years, as the Environmental Protection Agency’s (EPA) Pre-
treatment Program takes full effect. Data bases that were employed
in this study will be described in detail in a later section.

Information regarding the monitoring of PTOCs in sewer lines is
virtually non-existent. At this time it is not possible to predict
emissions from collection systems. However, the factors that affect
emissions from collection systems are described in this report, and
past sampling efforts are reviewed.

Organization of the Report

It was assumed that the readers of this report may not have a
complete understanding of wastewater treatment or the important charac-
teristic; of those PTOCs that are commonly discharged to wastewater
collection systems. Thus, Sections 2 and 3 provide brief overviews of



wastewater treatment systems, common terminology associated with the
field of wastewater treatment, and a description of the charac-
teristics, sources, and occurrences of the PTOCs selected for review.
A glossary (Appendix A) and a 1list of acronyms (page vi) used in
the report are provided as well as both chemical and common names,
structural formulas and important physico-chemical parameters of the
PTOCs (Tables 1 and 5).

The fate of PTOCs in collection systems and MWTPs is reviewed in
Section 4. The results of data analyses completed to predict the
importance of removal mechanisms other than volatilization are also
presented. Previous studies regarding volatile emissions from
wastewater to the atmosphere are described.

A presentation of emissions estimation techniques, limitations,
and assumptions is included in Section 5. A discussion of uncertain-
ties based upon sampling procedures, analysis technigques, and estimation
methods is also included.

A complete analysis of predicted PTOC emissions is provided in
Section 6. Emissions estimates are provided on a county-by-county and
statewide basis. Reference is made to a data base, provided to the
CARB on magnetic recording media, which provides emissions estimates
for every MWTP in California. Special attention is given to those
counties which contribute significant emissions to the statewide total.

In Sections 7 and 8, conclusions are drawn regarding the
significance of volatilization as a PTOC removal mechanism in POTWs, and
recommendations are forwarded for future studies and source sampling,
respectively.

A process-specific model is described in Appendix H of this report.
A theoretical development is provided, along with a description of
required model inputs. An interactive FORTRAN program has been written
and provided to the CARB along with example applications.



2. PUBLICLY-OWNED TREATMENT WORKS AND WASTEWATER TREATMENT

This section provides a brief overview of POTWs and wastewater
treatment facilities. The reader is referred to the glossary in
Appendix A, as needed, for further descriptions and definitions asso-
ciated with municipal wastewater treatment. A number of texts and
public documents with detailed descriptions of wastewater treatment and
associated processes are listed in the Supplemental Readings.

Wastewater systems that are referred to as publicly-owned treatment
works (POTWs) are defined by section 212 of the Clean Water Act (33
U.S.C. 1292). For the purposes of this study, a POTW is defined as a
system that is owned by a public entity, and which conveys wastewater
to or from a municipal wastewater treatment plant (MWTP). As shown in
Figure 1, this includes the wastewater collection system, wastewater
and sludge treatment facilities, and effluent, sludge disposal, or out-
fall, systems.

The wastewater collection system is typically composed of an exten-
sive network of sewerage piping used to convey wastewater discharged by
users of the POTW. Collection systems vary in type and length.
Collection systems are considered to be either combined or separate.
In combined systems, storm water and wastewater are conveyed through
the same system. Conversely, in separate systems wastewater is
segregated from stormwéter, leading to more uniform seasonal flows.
Most systems in California are of the separate type. The collection
system length for some large POTWs, such as the County Sanitation
Districts of Los Angeles County, are on the order of thousands of
miles!

Users of POTWs can be classified into many categories. Most com-
monly, users are classified as residential, commercial, or industrial
(see Glossary for definitions). Other users may include institutions
such as hospitals, prisons, and educational facilities. Potentially
toxic organic compounds are most often discharged by industrial users
(IUs), but the contribution from residential, commercial, and institu-
tional users may also be significant. Specific sources of PTOCs are
addressed in detail in Section 3.
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Figure 1: Simplified Representation of a POTW



Municipal wastewater treatment plants are composed of processes to
treat both the incoming wastewater and solids separated from the
wastewater or that are generated during biological treatment.
wastewater treatment processes are typically categorized as primary,
secondary, or advanced treatment. Primary treatment may include the
use of bar screens, comminuters, grit chambers, and primary clarifiers.
while not all MWTPs employ secondary treatment, it is common practice
in large facilities and those facilities that discharge to potentially
sensitive receiving waters. Secondary treatment typically includes
biological treatment such as activated sludge systems, trickling
filters, oxidation ponds, rotating biological contactors, overland
flow, and marsh systems. Advanced, or tertiary, treatment systems may
include filtration units, biological nitrification systems, stripping
towers, and the use of activated carbon adsorption systems.
Chlorination is often employed as a treatment step to disinfect
treated wastewater before it is dis-charged to a receiving water.
Dechlorination of the effluent wusing sulfur dioxide commonly follows
disinfection.

Receiving systems for effluent discharge vary considerably, and
are highly dependent upon the geographic location of the POTW. For
instance, effluent from MWTPs in the Central Valley region of
California are typically discharged to surface receiving waters,
usually rivers or smaller surface waters that flow into rivers.
Effluent is also employed for restrictive agricultural uses, or may be
disposed of to the atmosphere from evaporation ponds, or to the ground-
water using percolation ponds. In Los Angeles and Orange counties, as
well as all along the California coast, a large fraction of municipal
effluent is discharged to the ocean. Finally, many large MWTPs in the
South and East San Francisco Bay regions discharge final effluent
directly to San Francisco Bay.

Sludge is collected during primary and secondary treatment, and
sometimes during advanced treatment. Secondary and advanced treatment
sludges are typically thickened, and combined sludges are commonly sta-
bilized using anaerobic digestion. The combined, digested sludge is



dewatered by centrifuge, belt press, or drying beds, before ultimate
disposal to a landfill. Incineration, composting, and discharge to the
ocean are also currently employed as disposal processes.



3. POTENTIALLY TOXIC ORGANIC COMPOUNDS OF INTEREST

Compounds and Characteristics

The potentially toxic organic compounds, as well as several of
their important physico-chemical characteristics, are shown in Table 1.
Names approved by the International Union of Pure and Applied Chemists
(IUPAC) are provided under the heading of chemical name. Common syno-
nyms are also provided. The relatively low solubility, and high vapor
pressures for most of the PTOCs under consideration indicate their ten-
dency toward volatilization.

Sources

As was indicated in Section 2, several types of users discharge to
POTWs. Those classified as residential, commercial, or industrial may
be broken down further according to the specific source. Tables 2 and
3 are provided to indicate typical uses of PTOCs, and to list those
sources that have been known to discharge significant amounts of PTOCs
to POTWs.

Pretreatment Requirements

On June 26, 1978, the EPA issued regulations for a National
Pretreatment Program (NPP). Revised regulations (Appendix B) became
effective on March 30, 1981. The NPP was established to protect POTWs
and their surrounding environments from the adverse effects associated
with the discharge of hazardous and/or toxic wastes to the POTW’s
wastewater system. 1In particular, it was desired to protect biological
treatment systems from interferences and failures, to minimize the
potential for the pass-through of toxic wastes in the MWTP effluent, to
prevent the contamination of municipal sludge, and to reduce the expo-
sure of workers to chemical hazards. The NPP is the primary mechanism
for achieving such objectives. It has gained increased importance in
that role following the Domestic Sewage Exclusion (DSE) enacted under
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Table 1A : POTENTIALLY TOXIC ORGANIC COMPOUNDS

Molecular Vapor Boiling Henry's Law
Chemical Weight  Solubility Pressure Point Constant (X1000)
Chemical Name Synonyms Structure g/g-mole mg/l  (mmHg) (°C)  (atm-m%mol)
2- Propenenitrile  \crylonitrle "Se=c-czN 5306 73500 1002  77.3 0.067"
P Vinyl cyanide H” ! ‘ ' ‘
H
H H
Benzene ]@i 78.11 1800 76 80.1 5.55
H H
H
, Br
Bromodichloro- c-C-ci 16383 - 50 900 212
methane |
H
Carb (‘;"
Tetrachloromethane arbon tetra- Ci-C-Cl 153.84 785 90 76.5 30.2
chloride é|

Solubility and vapor pressure at 20°C except (1) = 15°C, (2) = 23°C, (3) = 25°C
Henry's Law constants at 25°C except (1) = 15°C
References: Mackay et al. (1979), Nicholson et al. (1984), USEPA (1983), Verschueren (1977), CRC (1977)



11

Table 1B : POTENTIALLY TOXIC ORGANIC COMPOUNDS

Solubility and vapor pressure at 20°C except (1) = 15°C, (2) = 23°C, (3) = 25°C
Henry’'s Law constants at 25°C except (1) = 15°C
References: Mackay et al. (1979), Nicholson et al. (1984), USEPA (1983), Verschueren (1977), CRC (1977)

Molecular Vapor Boiling  Henry’'s Law
Chemical Weight  Solubility Pressure Point Constant (X1000)
‘Chemical Name Synonyms Structure g/g-mole mg/l  (mmHg) (°C) (atm-m%mol)
Cl
H H
Chiorobenzene ~ Fnem 11256 500 88 1320 3,93
chloride H H
H
. (.;,!
Trichloromethane  Chloroform CI—?-C! 119.38 8000 160 61.7 3.39
H
. cl
Chlorodibromo- Dibromochloro- 4 _ o 208.29 _ 5 1220 0.78
methane methane i
H
h Cl (%!
. Ethylene '
1,2 Dichloroethane dichloride H E E H 98.96 8690 61 83.5 1.1
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Table 1C : POTENTIALLY TOXIC ORGANIC COMPOUNDS

Molecular Vapor Boiling Henry's Law
Chemical Weight  Solubility Pressure Point Constant (X1000)
Chemical Name Synonyms Structure g/g-mole mg/l  (mmHg (°C) (atm-m¥mol)
, Vinylidene a.._.A
111 Dichloroethylene chioride o ’C_C‘H 96.94 400 500 37.0 15.0
CH,CH,
. H H
Ethylbenzene HK):(H 106.16 152 7 1360 6.4
H
Ci
Dichloromethane ~ Methylene Cl-C—H 8494 20000 349 398 3.19
chloride I
H
- Cl Cl
Tetrachloroetheng | Sronior0 ‘o=c? 16583 1502 14 1210 28.7

ethylene (PCE) 17~ ‘¢

Solubility and vapor pressure at 20°C except (1) = 15°C, (2) = 23°C, (3) = 25°C
Henry's Law constants at 25°C except (1) = 15°C
References: Mackay et al. (1979), Nicholson et al. (1984), USEPA (1983), Verschueren (1977), CRC (1977)
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Table 1D : POTENTIALLY TOXIC ORGANIC COMPOUNDS

Molecular Vapor Boiling Henry's Law
Chemical Weight  Solubility Pressure Point Constant (X1000)
Chemical Name Synonyms Structure g/g-mole  mg/Nl  (mmHg) (°C)  (atm-m¥mol)
CHs
H H
Methyl benzene Toluene ’ y 92.13 515 22 1108 5.93
H
Cl H
1,1,1 Trichloroethane Methyl Cl-(':—c':-H 133.41 4400 100 741 4.92
T chloroform 1o ' ' '
Cl H
: Trichloro- Cl._.-° 3
Trichloroethene athylene (TCE) ¢ ,C-C\l_I 131.39 1100 58 87.0 117
. . C'\ /H 3 3
Chloroethene Vinyl chloride C=C{ 62.50 1 2660 -13.4 36.0
H H

Solubility and vapor pressure at 20°C except (1) = 15°C, (2) = 23°C, (3) = 25°C
Henry’'s Law constants at 25°C except (1) = 15°C
References: Mackay et al. (1979), Nicholson et al. (1984), USEPA (1983), Verschueren (1977), CRC (1977)



Table 2: Common Uses of PTOCs

Compound

Acrylonitrile

Benzene

Carbon tetrachloride

Chlorobenzene

Chloroform

1,1 Dichloroethylene

Ethylbenzene

1,2 Dichloroethane

Methylene chloride

Perchloroethylene

Toluene

1,1,1 Trichloroethane

Trichloroethylene

vinyl chloride

Uses

production of resins and fibers; modifier for
natural polymers; stored grain fumigant,

fuel additive; solvent (waxes, resins, oils,
etc.).

solvent (oils, fats, lacquers, rubber waxes,
resins); insecticide; drying agent for spark
plugs.

solvent in insecticide and herbicide formulation;
solvent for paints; auto parts degreaser; heat
transfer medium; manufacture of phenol.

solvent (oil, rubber, alkaloids, waxes, resin);
cleansing agent; soil fumigant; solvent for
pharmaceuticals.

intermediate in the production of vinylidene
polymer plastics.

resin solvent; conversion to styrene monomer.

solvent (fats, oils, gums, waxes, resins,
rubber); extract for tobacco; manufacture of
acetyl cellulose.

solvent for cellulose acetate; solvent in food
processing; degreasing agent; cleansing agent;
paint stripping; fire extinguisher compounds;
beer flavoring from hops; extraction of caffeine
from coffee; metal degreaser; solvent in textile
processing.

solvent in dry cleaning; solvent in textile
processing; metal degreaser.

solvent (paints, lacquers, gqums, resins);
extraction of principles from plants; gasoline
additive; production of benzene, dyes, and
explosives.

cold-type metal cleaning; cleaning of plastic
molds; aerosol formulation.

solvent (fats, waxes, resins, o0ils, rubber,
paints, cellulose esters, ethers, varnishes);
degreasing agent; dry cleaning.

refrigerant; direct production of polyvinyl
chloride.

Referencess Merck Index (1983), USEPA (1986).
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Table 3s Common Sources of PTOCs

Compounds

Sources

Acrylonitrile

Benzene

Bromodichloromethane

Carbon tetrachloride

Chlorobenzene

Chlorodibromomethane

Chloroform

1,1 Dichloroethylene
Ethylbenzene

Methylene chloride

Perchloroethylene

production of resins and acrylic fiber.

metal finishing; non-ferrous metals; organic
chemicals, plastics, and synthetics industries;
pharmaceuticals; manufacturing (dyes, artificial
leather, linoleum, varnishes, lacquers, paints);
motor vehicle services.

non-ferrous metals; organic chemicals, plastics,
and synthetics industries; chlorinated drinking
water.

adhesives industry; metal finishing; organic
chemicals, plastics, and synthetics industries;
pharmaceuticals; food processing; fluorocarbon
production.

organic chemicals, plastics, and synthetics
industries; pharmaceuticals; motor  vehicle
services.

chlorinated drinking water.

adhesives industry; aluminum forming; leather
tanning and finishing; pulp, paper, and
fiberboard manufacture; organic  chemicals,
plastics, and synthetics industries;
pharmaceuticals; rubber industry; chlorinated
drinking water.

metal finishing.

.adhesives industry; production of electrical

products; organic chemicals, plastics, and
synthethics industries; leather tanning and
finishing; metal finishing; motor vehicle
services; pharmaceuticals.

adhesives industry; aluminum forming; production
of electrical products; leather tanning and
finishing; non-ferrous metals; organic chemicals,

plastics, and synthetics industries;
pharmaceuticals; wood finishing; motor vehicle
services; food processing; photographic
chemicals.

copper forming; metal finishing; textile mills;
non-ferrous metals; organic chemicals, plastics,
and synthetics industries; dry cleaners; wood
finishing.

15



Table 3: Sources of PTOCs

Compounds

Toluene

1,1,1 Trichloroethane

Trichloroethylene

vinyl chloride

Cont’d

Sources

adhesives industry; organic chemicals, plastics,
and synthetics industries; leather tanning and
finishing; metal finishing; pharmaceuticals;
motor  vehicle  services; laundries; wood
finishing.

production of electrical products; metal
finishing; plastic forming; pharmaceuticals;
motor vehicle services.

adhesives industry; aluminum forming; textile
mills; motor vehicle services; dry cleaners.

polyvinyl chloride manufacturers.

References: USEPA (1983), USEPA (1986).
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section 1004 (27) of the Resource Conservation and Recovery Act (RCRA).
The DSE provides that a hazardous waste, when mixed with domestic
sewage, is no longer considered to be hazardous according to RCRA defi-
nitions. Thus, POTWs that receive such waste are not subject to RCRA
~ treatment, storage and disposal facility requirements. A recent report
describes the philosophy behind and the suspected impacts of the DSE
(USEPA, 1986).

General pretreatment regulations (listed in 40 CFR 403) require
~ that any POTW, or POTWs operated by the same authority, with a combined
design flow of greater than 5 million gallons per day (MGD) must
establish a pretreatment program. Furthermore, that program is to be a
condition of the POTW’s National Pollutant Discharge Elimination System
(NPDES) permit. If a POTW has a design flow of less than 5 MGD, it may
be required to establish a pretreatment program if nondomestic users
discharge wastes that cause interferences or upsets, contamination of
: sludge, NPDES permit violations, or if the users are subject to
pretreatment standards. In the State of California, over 100 MWwTPs
exist within PQOTWs that are required to establish Pretreatment
programs. Those MWTPs account for approximately 90% of the total muni-
cipal wastewater that is treated in California. A summary of California
POTWs that have fully-established, or that are developing, pretreatment
programs is provided in Appendix C.

To implement an effective pretreatment program, a POTW must have
the ability to:

1. identify and evaluate its nondomestic users,

2. operate under a legal authority that will enable it to apply and en-
force the requirements of the General Pretreatment Regulations (Appendix
B),

3. characterize discharges to its treatment system and establish
sufficiently protective local effluent limits,

4. monitor industrial users to determine compliance and noncompli-
ance,
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5. provide funds, equipment, and personnel,
6. properly administer and manage its pretreatment program.

A comprehensive review of pretreatment program approval and implemen-
tation procedures can be found in the EPA’s *Guidance Manual for POTW
Pretreatment Program Development,* (Hanmer et al., 1983).

Two types of standards are used to control pollutant discharges to
POTWs. The first, “prohibited discharge standards™, applies to all
commercial and industrial establishments which  discharge to POTWs.
Prohibited standards restrict the discharge of pollutants that create
a fire or explosion hazard in sewers or treatment works, are corrosive
(pH < 5.0), obstruct flow, upset treatment processes, or increase the
temperature of the wastewater entering the plant to above 40°C.
“Categorical standards" apply to industrial and commercial discharges
in 25 industrial categories ("™categorical industries®), and are in-
tended to restrict the discharge of 126 priority pollutants, including
all of the 16 PTQCs.

As part of their pretreatment programs, POTWs in California report
to the appropriate Regional Water Quality Control Board (RWQCB) and to
the Region IX office of the EPA. The State Water Resources Cantrol
Board (SWRCB) also maintains copies of a large percentage of the
reports. In general, quarterly reports document the monitoring of
industrial and commercial users, violations, and enforcement activities.
Summaries of nondomestic users, user additions, and user losses are
also common. Annual reports typically document the overall treatment
characteristics of MWTPs within the POTW. These include monitoring
results for conventional pollutant parameters such as biochemical
oxygen demand (BOD), total suspended solids (TSS), and oil and grease,
as well as hydraulic loading characteristics, and the results of any
sampling for priority pollutants in the influent, effluent, and sludge
streams. This data source on PTOCs will become extremely valuable in
future years. However, because of the recent implementation of the
National Pretreatment Program, measurements for those MWTPs that have
sampled for PTOCs are typically limited to the past one or two years.
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4. THE FATE OF POTENTIALLY TOXIC ORGANIC COMPOUNDS IN PUBLICLY-OWNED
TREATMENT WORKS

within a wastewater collection and treatment system PTOCs may be
removed, transformed, generated or simply transported through the
system unchanged. Five primary mechanisms are involved: (1) volatile
emissions, (2) degradation, (3) adsorption to sludge, (4) pass-through
(i.e., passage through the entire system), and (5) generation as a
result of chlorination or as byproducts of degradation of precursor
compounds. Furthermore, these mechanisms are not mutually exclusive, as
competition and simultaneous action can be significant.

A schematic summary of the mechanisms which affect PTOCs in POTWs
is provided in Figure 2. As indicated, volatile emissions can occur
throughout the collection and treatment system. Degradation, particu-
larly through biological activity (biodegradation), can also occur
throughout most of the system. Adsorption to sludge occurs during pri-
mary, secondary, and advanced treatment. Pass-through is reflected in
a total system removal efficiency of less than 100%, and the subseguent
discharge of PTOC residuals to the final receiving system. Finally,
PTOCs may be generated via the degradation of other PTOCs, or by the
formation of trihalomethanes (THMs) during and after chlorination.

The mechanisms described above are discussed in greater detail in
the remainder of this section. This section has been included to sum-
marize the extent of existing knowledge about the fate of priority
pollutants during wastewater collection and treatment. The importance
of adsorption to sludge, biodegradation, pass-through, and formation
during chlorination are also illustrated by presenting selected results
of this study. Quantitative estimates of the extent of volatile emis-
sions are described in greater detail in Section 6.
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Removal From Collection Systems

Organic compounds may be removed from the aqueous phase in the
collection system by adsorption to particles, biodegradation, exfiltra-
tion, pass-through to the treatment facility, or volatilization. Past
studies have focused upon material balances at points of entry to the
collection system and discharge to the wastewater treatment facility.
Few measurements of gas phase concentrations and air exchange with the
atmosphere have been made. Thus, the relative significance of the
removal mechanisms in collection systems is not well understood at this
time. However, based upon past studies using a shallow stream desorp-
tion model, volatile organic compounds appear to desorb rapidly to the
gas phase in sewers (USEPA, 1986). These results indicate that emis-
sions from collection systems to the ambient atmosphere are potentially
significant with respect to the other removal mechanisms. Due to the
paucity of experimental data on the topics of adsorption, biodegra-
dation, and exfiltration in collection systems, those mechanisms will
not be addressed here. Pass-through to the treatment system will be
addressed in Section 6, and appear as MWTP influent mass loadings.
Thus, this subsection will only address the existing knowledge
regarding volatilization from collection systems.

In addition to the competition among removal mechanisms, several
factors can affect the volatile emissions of PTOCs from collection
systems. Those factors include the physico-chemical characteristics
and concentrations of the PTOCs, flowrate and system geometry as they
affect turbulence, effective interfacial area, headspace volume in the
sewer line, and ventilation of the collection system (USEPA, 1986;
Matthews, 1975). The latter is believed to be very important, as the
characteristics of air exchange between the sewer line and the ambient
atmosphere are significantly different depending upon the type of
system. For instance, in combined storm and sanitary sewers, air ex-
change occurs at manhole covers and storm drains. However, storm drains
are not employed for separate sanitary sewer systems. Thus, it is ex-
pected tHat of the two types of collection systems, combined systems
are more conducive to volatile losses of PTOCs. Unlike many older
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municipalities in the Eastern United States, most cities in California
employ separate sanitary sewers. One exception is the city and county
of San Francisco, where combined systems are still in use.

Few studies have reported the occurrence and emissions of PTOCs
from wastewater collection systems. In part, this is due to the fact
that collection systems can be both a physically difficult and danger-
ous environment in which to conduct sampling. However, recent studies
of organic compound occurrences in collection system atmospheres have
afforded some insight as to the potential magnitudes of PTOC emissions
from those sources. Lucas (1981) observed high levels of many pollu-
tants in the headspace above wastewater in interceptor sewers. A com-
bined modeling/monitoring effort indicated that volatilization from
sewer lines may have accounted for significant losses of PTOCs from
a large POTW in Philadelphia (Frederick, 1985).

Reported results of monitoring for PTOCs in California collection
systems are scarce. However, studies were recently completed that
document the concentration of several PTOCs in trunk lines in Sunnyvale
(Santa Clara County) and Huntington Park (Los Angeles County). Partial
results of those studies are summarized in Table 4. Because of a lack
of data on the ventilation flowrates, emissions from the Sunnyvale and
Huntington Park systems could not be projected.

In summary, it appears that volatile emissions of PTOCs from col-
lection systems may be significant, particularly in sewer lines serving

industrial and commercial establishments which discharge large quanti-
ties of PTOCs to POTWs. Those emissions may be of greatest concern
where combined sanitary/storm sewers are employed. However, high con-
centrations in the atmosphere of separate systems indicates that they
may also be significant sources of PTOC emissions. Unfortunately, the
lack of existing sample data does not allow for meaningful emission
estimates. This is an area where future studies would be of great value
to reduce the uncertainties associated with the relative significance

of collection systems as PTOC emission sources.
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Table 4 PTOC Concentrations in Collection System Atmospheres

Compound

Benzene
Ethylbenzene
Methylene chloride
Perchloroethylene
Toluene

1,1,1 Trichloroethane

NR = Not reported.

Gas Concentration (ppb)

Sunnyvalel Huntington Park?
4.9 4600
2.9 NR
36.4 NR
NR 4300
35.6 5800
AR 60000

Sunnyvale values based on the average of 5 samples.
Huntington Park values based on a single bulb sample.

(1) 0Dixon and Bremen (1984).

(2) Porter (1986).



Vvolatilization Within Wastewater Treatment Plants

The purpose of this subsection of the report is to provide the
reader with background material regarding past efforts to measure vola-
tile PTOC emissions from wastewater treatment processes. Results from
laboratory and field tests are reviewed.

Measurements completed to assess the relative importance of
volatilization as a chemical removal mechanism appear to be sensitive
to the experimental arrangement. For instance, analyses completed in
the laboratory tend to predict that volatilization is not as important
in biological reactors as would be indicated by pilot plant and field
studies. Possible reasons for the discrepancies include such factors
as differences in the acclimation of organisms and unmeasured losses
from pilot or bench-scale equipment.

Lawson and Siegrist (1981) studied the relative importance of
volatilization and biodegradation in bench-scale biological reactors.
They found that biodegradation dominated volatilization for acrylo-
nitrile, toluene, and 1,2-dichloroethane. The latter was found to have
the highest percent volatilized (10%) during the experiments. Kincannon
et al. (1983) observed similar results for acrylonitrile, methylene
chloride, and benzene in the laboratory. However, volatilization was
found to be complete (100%) for 1,1,l1-trichloroethane and 1,2-dichloro-
ethane. The fate of toxic organic compounds in activated sludge and in-
tegrated powdered activated carbon (PAC) systems were recently investi-
gated in the laboratory (Weber et al., 1983; Weber et al., 1986). After
a certain concentration of PAC addition was exceeded, the ratio of vola-
tilization to biodegradation was observed to decrease significantly.
The ratio of biodegradation to volatilization losses typically exceeded
3:1 for the PTOCs that were studied.

Field studies have been conducted in order to assess the relative
significance of PTOC emissions during wastewater treatment, and to cate-
gorize treatment processes according to their relative significance with
respect to emissions from other treatment processes.
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The fate of toluene in an organic chemical wastewater facility was
studied (Berglund et al., 1985). It was observed that 10-15% of the
toluene volatilized during primary treatment, 25-35% volatilized from an
equalization basin, and 10-34% was removed by volatilization in aera-
tion basins. This exemplifies the fact that while aerated secondary
treatment may be very efficient at stripping PTOCs to the atmosphere, a
significant amount of the PTOCs may be removed by volatilization before
ever reaching secondary treatment. A recent report to Congress (USEPA,
1986) described various processes from which volatilization can be ex-
pected to occur. In addition to aeration basins, other processes in-
cluded flumes, grit chambers, sumps, equalization basins, pH adjustment
stations, nutrient addition stations, clarifiers, oxidation basins, open
storage tanks, wastewater transfer lines, pipes, and ditches.

The report to Congress (USEPA, 1986) also noted the importance of
acclimation of the secondary treatment system with respect to volatile
emissions. Volatile losses from unacclimated activated sludge systems
were typically observed to be greater than 80% for VOCs. However, the
degree of volatilization was significantly reduced, as low as 25% for
benzene, ethylbenzene, and toluene, within acclimated systems.

wWhile most studies have focused upon emissions from activated
sludge systems, some studies have also indicated the potential for
emissions from other wastewater processes. Jenkins et al. (1980)
suggested that volatile losses accounted for the high removal efficien-
cies of chloroform (78.9-98.3%) and toluene (95.7-100%) during overland
flow treatment. Biodegradation and adsorption were addressed and it was
found that neither could account for the observed losses. However, over-
land flow systems are currently rare in the state of California.

The California Air Resources Board (1985) recently conducted
source tests at two large MWTPs in California. Based upon the concen-
trations of specific PTOCs in or above individual treatment processes,
it would appear that emissions from grit chambers, digester tanks, and
aerated channels are potentially significant with respect to emissions
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from other processes. Concentrations of vinyl chloride, toluene, and
1,1-dichloroethylene were much greater in digester gases than in the
other processes that were sampled. However, the high concentrations do
not necessarily result in high emissions, as digester gases are most
often flared or combusted to generate power. The PTOCs are expected to
be efficiently destroyed during those processes. Emissions can, how-
ever, occur through out-breathing pressure-relief valves or around the
skirt of floating roof digesters.

In summary, there are limitations to the generalizations that can
be made based upon previous monitoring studies. Laboratory studies to
predict the fate of PTOCs in wastewater are wusually completed under
conditions that are not typical of those found in the field. While they
may be valuable in assessing the relative affinities of various PTOCs
for specific removal pathways, the results can not be accurately extra-
polated to field conditions. Field studies are the most valuable for
obtaining direct measurements of PTOC removal. However, the lack of
existing data based upon similar studies makes it difficult to genera-
lize about the fate of PTOCs in MWTPs. More complete studies of PTOC
concentrations, in both the liquid and gas phases, and off-gas flowrates
at individual treatment processes would be desirable.

Removal in the Sludge Stream

Chemical contaminants can adsorb at the solution/air interfaces of
non-viable suspended solids or biomass. Furthermore, sorption can occur
with uptake into biomass. Because almost all of the literature regard-
ing the removal of organic compounds in sludge streams refers to adsorp-
tive processes, in this report, the mechanism for removal in the sludge
stream will be referred to as adsorption.

Adsorption to suspended solids can occur during primary treatment,
with subsequent removal in the primary sludge stream. Some fraction of
the suspended solids pass through to secondary treatment, as does the
remaining contaminant mass which is not adsorbed to solids. Some of the
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adsorbed contaminant is removed from the system as pass-through in the
effluent stream and via sludge wastage (secondary sludge removal). How-
ever, a significant amount is typically recycled. This leads to a po-
tential for accumulation on biomass, as noted in the literature for ben-
zene, ethylbenzene, and chlorobenzene (USEPA, 1982). Accumulation might
also be the explanation for detection of PTOCs in sludge, when they were
not detected in the influent stream (Feiler, 1979; USEPA, 1982).

After a compound is adsorbed to biomass and removed in the sludge
stream, it can be biodegraded to a chemical of lesser concern. However,
transformation or formation of other chemicals of concern can also
occur. An example ‘would be reductive dechlorination during anaerobic
digestioh, whereby chlorine atoms are removed from a molecule leading
to a compound with fewer chlorine atoms.

An adsorbed PTOC also has the potential to be desorbed and volati-
lized to the atmosphere during one of several stages of sludge treat-
ment. For instance, dissolved air flotation is used to thicken sludge.
This is an aerated process which might be conducive to desorption and
stripping. Also, drying processes and sludge composting expose large
amounts of surface area of the sludge to the atmosphere. Sludge is com-
monly disposed of to landfills, where desorption, degradation, leaching,
and volatilization of adsorbed contaminants can occur. Volatile emis-
sions and groundwater contamination as a result of sludge disposal prac-
tices at landfills is a growing concern.

Several factors which affect a compound’s affinity for adsorption
to sludge have been described in the literature. They include the pre-
sence of other compounds which compete for adsorption sites, electroly-
tes, o0ils and greases, and the presence of sorbents (USEPA, 1986).
Strier and Gallup (1983) analyzed priority pollutants grouped according
to their physico-chemical properties. They concluded that the physico-
chemical parameters that favor adsorption are a low water solubility,
high partition coefficient, high molar volume, low Henry’s law
constant, low oxidizability, and low chemical reactivity. The contribu-
tion of the wastewater matrix has also been reviewed (Strier and Gallup,
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1983). A lack of emulsifiers and a high dissolved salt content both
tend to reduce solubility thereby increasing the tendency for adsorp-
tion. High total suspended solids, which serve as additional ad-
sorption sites, also promote adsorption. The presence of a light oily
phase provides a means by which contaminants may partition out of liquid
water before being adsorbed to the surface of solids, leading to de-
creased adsorption. Finally, since adsorption is usually an exothermic
process, low temperatures are expected to increase the amount of adsorp-
tion.

Two physico-chemical parameters which have been used to compare
relative affinities for adsorption are the log of the octanol/water
partition coefficient (log(Kow)) and the activated carbon adsorption
capacity (AC) (Dixon and Bremen, 1984). Table 5 shows log(Kow) and AC
values for the 16 PTOCs. It has been observed that if the log(Kow) is
greater than 3.5, a compound is significantly hydrophobic and adsorp-
tive on solid organic matter such as mixed liquor suspended solids
(MLSS) and sludge. The highest log(Kow) value for the PTOCs is 3.15 for
ethylbenzene. It has also been noted that the relative adsorption of
organics on biomass is similar to that for activated carbon, but with
the value of AC typically an order of magnitude lower (Dixon and Bremen,
1984). Thus, in terms of log(Kow) and AC, ethylbenzene, chlorobenzene,
and perchloroethylene would be expected to have a greater affinity for
adsorption than other PTOCs. Vinyl chloride and methylene chloride would
be expected to have a relatively low affinity for adsorption.

A set of categories to estimate partition coefficients (fraction
removed in sludge stream) was developed based upon a  compound’s
octanol/water partition coefficient, Henry’s law constant and analyses
of sludge samples obtained from 50 POTWs (USEPA, 1986). The categories
and average partition coefficients are shown in Table 6. The criteria
for grouping the compounds is given in the column headings. None of
the PTOCs of interest to this study fell into group A. Aromatic PTOCs
(benzene, chlorobenzene, ethylbenzene, toluene) fell into group B, as
did 1,1,I-trichloroethane. Other PTOCs with partition coefficients
greater than 0.1 and falling into group C included bromodichloromethane,
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Table 5s PTOC Adsorption Parameters

Compound Log (Kow) AC (mg/q)
Acrylonitrile -0.14 1.4
Benzene 2.13 1.0
Bromodichloromethane 1.88 7.9
Carbon tetrachloride 2.64 11.
Chlorobenzene 2.84 91.
Chloroform 1.97 2.6
Dibromochloromethane 2.09 4.8
1,1 Dichloroethylene 1.48 4.9
Ethylbenzene 3.15 53.
1,2 Dichloroethane 1.48 3.6
Methylene chloride 1.25 1.3
Perchloroethylene 2.88 S1.
Toluene 2.69 26.
1,1,1 Trichloroethane 2.17 2.5
Trichloroethylene 2.29 28.
vinyl chloride 0.60 -

Log(Kow) = Logarithm (base 10) of the octanol/water partition coefficient
(dimensionless).

AC = Activated carbon adsorption capacity at neutral pH and a PTOC
concentration of 1 mg/.

Referencess USEPA (1980), USEPA (1983).
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Table 6: Partition Coefficients for Adsorption to Sludge

KH(xlOOO) Part;tgon
Group Log(Kow) (atm-cu.m/mole) Coefficient
A >4 <1 0.366
B 2-4 1-10 0.149
C <2 1-10 0.1395
D <2 <1 0.10
E > 4 1-2 0.0895
F 2 -4 <1 0.079
G 2-4 > 10 0.035
H <2 > 10 0.0075
Group numbers (A-H) were adopted for this study.

Log(Kow) = Logarithm (base 10) of the octanol/water partition coefficient

(dimensionless).

K, = Henry's law constant.

H

Partition coefficient = fraction partitioned to sludge.

References USEPA ( 1986).



chloroform, 1,2-dichloroethane and methylene chloride. Acrylonitrile
fell into group D, dibromochloromethane into group F, and carbon tet-
rachloride, perchloroethylene, and trichloroethylene into group G. The
only PTOCs in group H were 1l,l-dichloroethylene and vinyl chloride.

Several recent studies have addressed the analysis of organic con-
taminants in sludge (Bell and Tsezos, 19863 Lawson and Seigrist, 1981;
Schrbber, 1986). However, there are difficulties associated with the
measurements of contaminants in sludge, particularly for volatile organ-
ic compounds. Volatilization can occur prior to or during sampling.
Preservation of samples against degradation during sample transport, and
analysis in a complex matrix pose additional problems. Furthermore,
physical adsorption is often a reversible process, and contaminants can
return to the aqueous phase (Bell and Tsezos, 1986).

Despite the difficulties noted, laboratory studies have been
valuable in assessing the relative affinities of different chemicals
for adsorption and have led to an improved understanding of how adsorp-
tion might be affected by changes in sludge and wastewater treatment
systems. Biosorption was found to be negligible compared to volatili-
zation and biodegradation for several PTOCs studied in the laboratory
(Kincannon and Stover, 1983). Those observations were made for benzene,
chlorobenzene, ethylbenzene, 1,2-dichloroethane, methylene chloride,
toluene, and 1,1,1-trichloroethane. However, in pilot planf studies
Schroder (1986) observed a significant quantity of chloroform, tri-
chloroethylene, and chlorobenzene in sludge.

The removal of PTOCs by adsorption at primary clarifiers and acti-
vated sludge tanks was reviewed (Dixon and Bremen, 1984). The results
observed for PTOCs are summarized in Table 7. It is obvious that ad-
sorption during primary treatment was much more significant than adsorp-
tion to biomass during biological treatment. This is not surprising, as
volatile stripping occurs during aerated secondary treatment. As indi-
cated by the grouping shown in Table 6, partitioning to sludge was rela-
tively high* for benzene, chlorobenzene, ethylbenzene, and toluene. How-
ever, the trichloroethylene result shown in Table 7 is inconsistent with
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Table 7s A Comparison of Adsorption to Primary and Secondary Sludge

Compound

Benzene

Carbon tetrachloride
Chlorobenzene
Chloroform
Ethylbenzene
Methylene chloride
Toluene

Trichloroethylene

References: Dixon and Bremen (1984).

% Adsorption to
Primary Sludge

15.6
0.08

10.6
0.52

33.3
3.2
9.4

17.5

% Adsorption to
Secondary Sludge

0.09
0.16
0.03
0.23
0.25
0.04
0.06
0.09



its grouping shown in Table 6. The reasons for the discrepancy between
observed and predicted behavior were not given.

The most comprehensive contaminant mass flow analysis in MWTPs to
date was completed as part of an EPA sponsored ™50 POTW Study®™ (USEPA,
1982). An analysis of the raw mass flow data provided in that report
was completed to study the significance of adsorption as a PTOC removal
mechanism. The results are shown in Table 8. Toluene was found to be
the PTOC most effectively removed in sludge streams, with an average
removal of 9.7%. The values in Table 8 represent total removal from all
sludge streams. With the exceptions of methylene chloride and chloro-
benzene, the percent removal in sludge was less than 5% for the other
PTOCs. The surprisingly high results for methylene chloride might be an
artifact because of its use in laboratories as a solvent, and the sub-
sequent possibility of contamination during analysis. The possibility
for significant contamination is increased since the concentrations of
PTOCs in sludge are often near the detection limits.

Biodegradation

Of the four primary removal mechanisms (volatilization, adsorp-
tion, biodegradation, pass-through), biodegradation is the most complex
and difficult to resolve in terms of its significance with respect to
the other mechanisms. This subsection is provided to describe the ex-
tent of existing knowledge regarding biodegradation, especially as it
relates to PTOCs in wastewater. An overview of biodegradation and
where it occurs in MWTPs is included. Factors which are known to affect
biodegradation are reviewed. Actual measurements of biodegradation are
discussed along with the uncertainties and limitations of such tech-
niques. The objective of the discussion 1is to provide the reader with
background regarding the relative biodegradability of the PTOCs, a
realization of the complexity of the biodegradation process, and an
understanding of the important factors which can affect the extent of
biodegradation. )
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Table 8: PTOC Removal in Sludge Streams

Compound

Toluene

Methylene chloride
Chlorobenzene

Carbon tetrachloride
Perchloroethylene
Trichlorocethylene
Ethylbenzene

vinyl chloride

1,2 Dichloroethane
Benzene

Chloroform

1,1,1 Trichloroethane
Bromodichloromethane
1,1 Dichloroethylene

Dibromochloromethane

% Removed indicates total removal from all sludge streams.
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# of Plants

44
41
6
6
43
44
38
7
10
26
37
38
3
11
0

% Removed

9.7
8.0
5.1
4.3
4.1
4.1
4.0
1.3



Microorganisms that are responsible for the breakdown of organic
contaminants are characterized by a high degree of variation in their
biological nature. Although the principal microorganisms are bacteria,
many diverse types exist. These have been summarized elsewhere
(Tchobanoglous and Schroeder, 1985). The organisms have been classified
as aerobic, anaerobic, and facultative. The former require oxygen for
survival and reproduction. Anaerobic bacteria are adversely affected
by the presence of oxygen, and facultative bacteria are able to grow
in both aerobic and anaerobic environments. Because of the wide variety
of microorganisms that occur in nature and the open characteristics of
treatment processes, a continual innoculation can be expected in any
bioclogical wastewater treatment process. An important result is that
the species best able to compete under a set of physical and chemical
conditions will predominate.

A commonly utilized aerobic biological system is the activated
sludge process (AS). The majority of AS units employ air to provide the
oxygen to sustain the biomass of the system, in which case the aeration
basins are typically open to the atmosphere. Less typical are covered,
pure-oxygen systems. Additional aerobic systems include trickling
filters, rotating biological contactors, overland flow systems, and oxi-
dation ponds. Descriptions of such systems have been given elsewhere
(Tchobanoglous and Schroeder, 1985).

A method of characterizing biological treatment process performance
is degradation efficiency; defined as the ratio of contaminant con-
centration leaving the system to the contaminant concentration entering
the system. The degradation efficiency of a biological system is
affected by the degree of acclimation of the system. Acclimation is
characterized by a lag period during which time little or no degrada-
tion takes place (Skow, 1982). The delay is thought to be caused by two
phenomena (Skow, 1982). The first involves the selection of appropriate
biological species that are capable of assimilating the contaminant, in
which case the lag period is due . to an initial phase of exponential
population growth of that microorganism. The second phenomenon involves
the adaptation of microorganisms through the induction of enzymes that
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facilitate degradation. The acclimation period has been noted to vary
from hours to weeks depending upon the contaminant, microbial popula-
tion, and the medium (Skow, 1982). The length of the acclimation period
can have a significant affect on the relative importance of biodegrada-
tion, adsorption, and volatilization. For instance, if a system is
unacclimated, a highly volatile contaminant may volatilize long before
biodegradation can compete as a removal mechanism. This is exemplified
by results that have been compiled by the EPA, as shown in Table 9
(Frederick, 1985). The results were developed from pilot plant studies.
They show that unacclimated systems were characterized by greater
volatilization than were acclimated systems. Similar results were ob-
served by Patterson and Kodukala (1981).

The ability of a system to acclimate and remain acclimated is very
sensitive to deviations from steady-state conditions (Blackburn et al.,
1985). However, PTOC mass loadings in influent streams are typically
characterized by a high degree of variability. In addition, it has been
noted that the actual magnitude of the contaminant concentration is sig-
nificant (Alexander, 1973). For instance, if the concentration is too
low, biodegradation will be limited because of a lack of sufficient
stimulus to initiate an enzymatic response (Alexander, 1973). There is
additional evidence that compounds which are usually degradable can be
persistent at low concentrations (Digeronimo et al., 1979; Jannasch,
1967). This may be significant for the PTOCs, since many studies to
guantify the degree of biodegradation were completed at PTOC concentra-
tions above 10 mg/L, while typical concentrations in the influent to
MWTPs are less than 10 ug/.

A complete assimilation and examination of existing biodegradation
data, across individual classes of compounds, has not been effectively
completed. Thus, the variables which control rates of biodegradation
are not well understood. However, several general observations have
been made regarding the factors that affect the degree of biodegrada-
tion. These can be classified as substrate-related, organism-related
and enviroﬁment-related.
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Table 9: The Effects of Acclimation on Stripping and Biodegradation

Fraction

Stripped
Compound _Acclim. Unacclim.
Benzene 0.25 0.80
Carbon tetrachloride 0.80 0.90
Chlorobenzene 0.30 0.50
Chloroform 0.70 0.90
1,1 Dichloroethylene 0.80 0.90
Ethylbenzene 0.25 0.80
1,2 Dichloroethane 0.50 0.90
Perchloroethylene 0.50 0.80
Toluene 0.25 0.80
1,1,1 Trichloroethane 0.80 0.90
Trichloroethylene 0.70 0.80
vinyl chloride 0.90 0.95

References USEPA (1986).

Fraction
Biodegraded
Acclim. Unacclim.

0.74 0.18
0.07 0.
0.55 0.35
0.28 0.08
0.20 0.10
0.69 C.14
0.45 0.05
0.47 0.17
0.47 0.
0.19 0.14
0.24 0.14
0.08 0.03



Much of the work that has addressed the effects of substrate
characteristics has focused upon the solubility of organic compounds
(Strier and Gallup, 1983). It has been observed that biodegradation is
facilitated for compounds with intermediate solubilities in water, or
log(Kow) values between 1.5 and 3.5 (Skow, 1982; Strier and Gallup,
1983). This range corresponds to all of the PTOCs with the exception
of 1,l-dichloroethylene, 1,2-dichloroethane, methylene chloride, and
vinyl chloride, all of which have log(Kow) values less than 1.5. As
noted previously, the contaminant concentration is also an important
factor since low concentrations may not be sufficient to initiate the
biodegradation process. Also, high concentrations of toxic organic com-
pounds may lead to deleterious "shock-loading” of the biological system
(Allen et al., 1985).

Other substrate-related factors can be subclassified under chemi-
cal structure. However, the relationships among biodegradation and such
factors are not universally agreed upon. It has been observed that bio-
degradation decreases as the degree of halogenation of a compound in-
creases, and that more than one chloro or nitro group substituted on a
benzene ring tends to reduce a compound’s degradability (USEPA, 1986).

Because of the complexity of viable systems, the significance of
organism-related factors are even less well understood than substrate-
related factors. A review of organism-related factors is beyond the
scope of this study.

Environment-related factors which have been observed to increase
biodegradation include the presence of emulsifiers, low non-viable sus-
pended solids concentrations, and pH values in the range of 6 to 9
(Strier and Gallup, 1983). Higher temperatures, a sufficient dissolved
oxygen concentration, the availability of co-metabolites serving as food
for biota, and sufficient reaction and solid retention times have all
been observed to assist biodegradation (Allen et al., 1985; Strier and
Gallup, 1983y USEPA, 1986). L

Competing reaction mechanisms can also be significant with respect
to the degree of biodegradation. The relationship between biodegrada-
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tion and volatilization is complicated because many of the factors that
affect one mechanism also affect the other.

Most of the measurements made to quantify biodegradation are
completed by differencing (i.e., subtracting adsorption and volatile
losses from the total removal) after the completion of 1laboratory or
pilot scale experiments. However, difficulties often exist in measuring
and/or controlling volatile losses. Thus, inflated biodegradation rates
exist in the literature as volatilization losses are mistakenly taken to
be degradation losses (Lawson and Siegrist, 1981; Schroder, 1986). Sig-
nificant test-to-test variabilities in measured biodegradation rates
have Dbeen observed, as some tests provide a better environment for
degradation than others. Such difficulties should be kept in mind be-
fore attempting to extrapolate from laboratory, or pilot scale, results
to actual field conditions. The factors mentioned previously are likely
to be quite different in an actual wastewater treatment facility.

Using bench-scale activated sludge systems, Blackburn et al. (1985)
found that biodegradation accounted for 67-70% of the removal of
toluene. For acrylonitrile, methylene chloride, and benzene, Kincannon
et al. (1984) observed that biodegradation accounted for 100%, 93%, and
84% of the total removal, respectively, in continuous flow biological
reactors. However, 1,1,l-trichloroethane was found to completely vola-
tilize. 1In similar systems, greater than 98% of the removal of acrylo-
nitrile and toluene was attributed to biodegradation (Lawson and
Siegrist, 1981). In a completely acclimated bench-scale activated
sludge system, biodegradation was observed to account for between 78 and
84% of the total removal of benzene, toluene, ethylbenzene, and chloro-
benzene (Weber et al., 1986). However, conditions in all of the experi-
ments were greatly simplified with respect to typical field conditions.

The discussion to this point has dealt primarily with aerobic
systems. However, based upon limited digester gas sample data (Califor-
nia Air Resources Board, 1985) and.typical PTOC concentrations in the
influent stream, it appears that vinyl chloride is produced during
anaerobic digestion. The source of the vinyl chloride could be the re-
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sult of simultaneous removal of a chlorine and a hydrogen atom from a
precursor compound, such as 1l,2-dichloroethane, with subsequent for-
mation of vinyl chloride. Alternatively, successive substitution of
chlorine by hydrogen atoms on compounds such as perchloroethylene might
explain the occurrence of vinyl chloride. The sequential dehalogenation
of chlorinated ethenes to form vinyl chloride in groundwater environ-
ments has been observed (Barrio-Lage et al., 1986). A recent study also
indicated that chlorinated organics form as a result of the Purifax pro-
cess due to the addition of chlorine gas to stabilize sludge (Pincince
and Fournier, 1984).

It is safe to say that little is known regarding the biodegradabi-
lity of PTOCs, or the relative importance of biodegradation with respect
to the other removal mechanisms. A better understanding of PTOC bio-
degradation (e.g., acclimation) would improve our understanding of the
extent of volatilization during wastewater treatment. Modification of
wastewater treatment processes to increase biodegradation rates might
be a useful control technique to reduce volatile losses of PTOCs, and is
an area where further research is warranted.

Formation

During the course of literature and data review for this study, it
became apparent that halogenated organics form as a result of chlorina-
tion during wastewater treatment. It was observed that THMs formed dur-
ing wastewater treatment in amounts greater than were initially present
in the influent streams of MWTPs. This was particularly true for
chloroform, and less significant for bromodichloromethane and dibro-
mochloromethane. A detailed review of THM formation is provided in
Appendix D. Factors which affect THM formation are described there,
along with potential precursors and important reaction mechanisms.
Post-chlorination emissions are also discussed. Only a cursory review

is provided here. T e

To study the potential for the formation of chloroform, MwWTPs that
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post-chlorinate on a continuous basis were separated from those that do
not regularly chlorinate. In the latter case, the ratio of chloroform
concentration in the effluent stream to concentrations in the influent
stream (Ce/i) was always less than 1. This reflects a net average re-
moval of chloroform. However, for those plants that do post-chlorinate,
the value of Ce/Ci was often greater than unity, and as high as 12.7.
The data are clearly suggestive of chloroform formation as a result of
chlorination. It would also be expected that Ce/i would be much
greater if the influent concentration was replaced by the chloroform
concentration immediately prior to chlorination, since much of the
chloroform entering a MWTP in the influent stream would be removed dur-
ing treatment prior to post-chlorination. This pattern of removal fol-
lowed by higher Ce/Ci ratios was observed during the 50 POTW study (EPA,
1982).

Pass-through

Up to this point, the removal of PTOCs during wastewater treatment
has been described in terms of volatilization, adsorption, and biode-
gradation. That portion of the PTOC mass which is not removed in the
MWTP is discharged in the effluent stream. The same removal mechanisms
that operate in a treatment plant continue to act in a receiving
water. However, conditions are typically less favorable to biodegrada-
tion than in treatment systems designed to induce biological degrada-
tion, and 1less solid surface area is typically available for
adsorption. Therefore, it is conceivable that volatilization could
account for an even larger percentage of the fate of PTOCs which are
discharged than occurs within MWTPs. For the purposes of this study,
calculated removal efficiencies and volatile emission estimates do not
include emissions associated with pass-through.

Average total percent removals (100% - % pass-through) for 12 PTOCs
are shown in.Table 10. Acrylonitrile was not observed above its detec-
tion limits in either the 50 POTW study or this study. In many MWTPs,
the effluent concentrations of THMs were much greater than the cor-
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Table 10: Average Total Removal Efficiencies for PTOCs

Compound

Benzene

Carbon tetrachloride
Chlorobenzene

1,1 Dichloroethylene
Ethylbenzene

1,2 Dichioroethane
Methylene chloride
Perchloroethylene
Toluene

1,1,1 Trichloroethane
Trichloroethylene
vinyl chloride

No. of Plants

Average Removal

Efficiency (%)

Standard
Deviation (%)

50 POTW Calif. 50 POTW Calif. 50 POTW Calif.
21 13 80.9 72.1 29.8 34.6
2 3 76.5 94.7 16.3 8.4
7 3 99.8 86.7 0.4 23.1
7 8 63.7 76.8 44.7 31.3
38 20 87.1 84.0 29.0 28.9
8 6 64.1 96.7 45.3 3.7
49 29 49.0 64.6 32.2 26.3
45 35 79.0 79.0 25.7 28.9
48 39 92.1 86.4 13.9 23.5
42 27 86.7 79.5 22.8 23.8
46 23 88.3 83.1 20.3 23.5
3 0 95.7 - 3.8 -




responding influent concentrations. Thus it was not possible to com-
pute meaningful removal efficiencies for the THMs.

It is common for influent concentrations to be above detection
limits (ADL) and effluent concentrations to be below detection limits
(BDL). One technique to handle such data is to assume a total percent
removal of 100%. This assumption is relatively accurate for PTOCs that
are found in concentrations several times greater than their detection
limits (e.g., toluene). However, uncertainties associated with such an
assumption increase for PTOCs that are present at concentrations that
are only slightly above their detection 1limits (e.g., 1l,2-dichloro-
ethane). Therefore, an influent concentration to effluent detection
limit ratio of three was arbitrarily chosen as the criterion for using
such data in computing average removal efficiencies. The average per-
cent removals for PTOCs other than the THMs were typically found to be
in the range of 75-95%. The exception was methylene chloride which had
a significantly lower percent removal based upon both the 50 POTW study
and the data collected for this study.

Differences in the type and degree of treatment account for some
of the variance of the data presented in Table 10. For instance, if
volatilization was the most important removal mechanism, MWTPs that uti-
lized aerated secondary treatment were likely to have high total remo-
vals. Additional removal would be expected due to biodegradation. The
results shown in Table 10 reflect average removal rates without regard
to the type or degree of treatment. For MWTPs which employ only primary
treatment, the average percent removals are likely to be lower than
those shown in Table 10.

Summary

In this section, the fate of PTOCs in both wastewater collection
and treatment systems was addressed. For collection systems it was
found that the potential exists for significant emissions, but a lack of
existing sample data does not allow for meaningful emissions estimates.
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It is believed that this is one source which deserves further attention
in order to reduce the uncertainties associated with the relative signi-
ficance of emissions.

Wastewater treatment processes were reviewed in terms of volatili-
zation, adsorption, biodegradation, and pass-through as PTOC removal
mechanisms. The formation of trihalomethanes was also discussed.
Mechanisms were described in terms of existing laboratory, pilot plant,
and field studies. From a limited data set, some general observations
were made.

Adsorption and removal in sludge streams typically accounted for
less than 10% of the incoming mass of any PTOC. 1In addition, the total
fraction removed in sludge streams is greater in primary sludge than in
waste-activated sludge. Although many of the PTOCs have been observed
to biodegrade during simplified laboratory analyses, little is known
regarding the biodegradation of PTOCs during treatment in actual muni-
cipal wastewater treatment plants. The most important factor can be
defined as the degree of acclimation of the microbial population to the
PTOC of interest. Based upon current knowledge of the acclimation pro-
cess, it is concluded that requirements for the acclimation to PTOCs
usually remain unsatisfied in MWTPs. If that is true, studies have in-
dicated that the percent degraded during conventional activated sludge
treatment would be typically less than 20%. One possible exception
would be chlorobenzene (% biodegraded = 35%).

Based upon PTOC concentrations in the influent and effluent
streams of MWTPs throughout California, it was clear that chloroform
formed as a result of chlorine disinfection. In addition, the degree of
formation was often significant with respect to chloroform mass loadings
in the influent stream.

The overall removal efficiency of PTOCs during wastewater treat-
ment was estimated to be, on the average, between 75% and 95%. Excep-
tions (lower than 75%) included the trihalomethanes which can form as a
result of chlorination, and methylene chloride. For most of the PTOCs,
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the remaining 5% to 25% were discharged in the effluent stream. The ul-
timate fate following discharge was expected to be volatilization.

Based upon the observations discussed above, a large fraction of
PTOCs that enter a MWTP are expected to be removed via volatile losses.
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5. EMISSIONS ESTIMATION METHODS AND DATA QUALITY AND AVAILABILITY

In this section, methods used to estimate PTOC losses from waste-
water due to volatilization and adsorption to sludge are described. A
discussion of the corresponding assumptions and limitations, and an
analysis of the data available for use in the estimation methods was
also included. This was done in order to provide the reader with an
understanding of typical sampling and analysis techniques that are used
to measure PTOC concentrations in influent and effluent streams, as
well as to indicate the extent and representativeness of the data
collected for MATPs in California.

Emissions Estimates

En » of a specific PTOC, "m~, from
a MWTP can be expressed as a fraction of the average total removal of
"m" such that

The uncontrolled emission rate,

- (f_/n) J§l (Cp,1,Cn o, 195 (1)
where "fm' is an average stripping factor for PTOC "m"™ (0 < fm < 1), “n"
is the number of sampling periods, "Q." is the average wastewater flow-
rate during sampling period "j", and ..Cm,i,j" and ..Cm,e,j“ are the
concentrations of PTOC "m" in the influent and effluent streams,
respectively, during sampling period " j*. Of course, all parameters
should have consistent units, or should be converted to the desired
units. The worst-case emission estimate is based upon a value of “fm"
equal to unity. Because this study focussed upon the potential for PTOC
emissions, worst-case, uncontrolled, emission estimates were computed.

If ”Cm i * and "C ‘f' are replaced by flow-weighted, average

values, "C iJ and * C e': respectively, Equation 1 can be rewritten as
= (cm,i - Cm,e)Q’ (2)

where "Q" is the flowrate averaged over all sample periods.
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Equation 2 can be applied if concentrations are known in both the
influent and effluent streams. For MWTPs in which effluent data are
not available, the worst-case emission rate can be estimated by

Ep = b fo (Cm,i - cm’e)m, (3)

where ”bm" is an average total removal efficiency for PTOC “m".
Equation 3 is also useful for estimating the emissions of trihalometha-

nes. For THMs, Equation 2 is not suitable as formation during treatment

causes an increase in "Cm,e" and a corresponding decrease in the esti-
mated emission rate. However, Equation 3 does not account for volatile
emissions which can occur following the formation of THMs. For this
study, values for 'H%;' were based upon the total removal efficiencies
shown in Table 10. A value of bm = 0.9 was chosen for the THMs, based
upon removal efficiencies for similar compounds. While Equation 2 is
preferred to Equation 3, it should be noted that only four of the
fifty-one MWTPs for which data were gathered did not submit effluent
data. Those four facilities accounted for only one percent of the
total municipal wastewater treated in California. The most significant
effect of the use of Equation 3 was on the estimate of chloroform

emissions. While the worst-case assumption was conservative with

respect to emissions estimates, it was partially offset by not account-

ing for volatile emissions of the chloroform that were generated as a
result of chlorination. The formation of bromodichloromethane and di-

bromochloromethane was relatively insignificant with respect to chloro-

form and was ignored.

Twenty-three percent of the municipal wastewater in California was
treated by MWTPs for which no concentration data were obtained. Several
methods were examined to extrapolate emissions estimates to those MWTPs.
The simplest was to assume average statewide concentrations at those
MWTPs without data. However, the coefficient of variation (cv) for
specific PTOCs taken over all MWTPs with available data was typically
greater than a factor of three. Using such an approach would tend to
overestimate ‘emissions in less-industrialized regions, and underestimate
emissions in heavily industrialized regions. A second approach was to
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maintain a statewide analysis while attempting to correlate concen-
trations with available parameters. However, normalizing the PTOC con-
centrations by total suspended solids, total phenols, phenol (acids),
cyanide, and fractional industrial flow all failed to significantly
reduce the cvs with respect to the non-normalized cvs. A more success-
ful approach was to partition the MWTPs with existing data into
geographic regions where similar mixes of industrial users discharge to
POTWs. This approach led to decreases in the cvs for most of the PTOCs
in nearly every region. In addition, normalizing by the fraction of
flow accounted for by industrial users further reduced the cvs. After
comparing other methods of correlation with distinct geographic regions,
the industrial flow approach was adopted, as it appeared to be superior
to the other methods that were studied. The counties that were grouped
into specific regions for analysis are indicated in Figure 3.

For MWTPs that did not treat industrial flows and for which data
were missing, extrapolation was completed by analyzing corresponding
facilities for which data were available, i.e., which had no industrial
flow contribution. Average PTOC concentrations from those facilities
were assumed to apply to all facilities without industrial flow contri-
butions.

The significance of extrapolation, on a county-by-county basis is
indicated in Table 11 which shows the percent of total wastewater that
is accounted for by MWTPs with existing concentration data. The contri-
bution of extrapolated emissions, on a percent flow basis, was much
smaller in the populated, industrialized counties where PTOC mass
loadings to POTWs were relatively high. A larger percentage of the
extrapolated emissions estimates were needed in rural, nonindustrialized
counties with relatively lower total emissions.

The approach described above was used to estimate emissions from
approximately 600 MWTPs in California. Estimates for individual MWTPs
were summed to predict county-by-county and statewide emissions on a
speciated and total PTOC basis. This was accomplished through the use
of a program, WEST (Worst-case Emissions during Sewage Treatment), which
was developed for this study, and coded in FORTRAN 77. WEST (Appendix
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LEGEND:
1. SOUTHERN, CENTRAL, AND NORTHERN VALLEY
2, CONTRA COSTA / SOLANO

3. ALAMEDA / SANTA CLARA
4. SAN FRANCISCO / SAN MATEO

5. VENTURA
6. LOS ANGELES / ORANGE
7. RIVERSIDE / SAN BERNARDINO / SAN DIEGO

|

Figure 3: Data Extrapolation Regions



Table 11: Percent of Flow Accounted for by MWTPs with Data

Percent of Flow

Total F low1 Accounted for by

County (MGD) MWTPs with Data
Alameda 124 97 %
Contra Costa 72 93
Fresno 51 82
Kern 36 51
Los Angeles 984 93
Marin 21 21
Merced 13 37
Monterey 24 62
Orange 278 92
Riverside 58 42
Sacramento 127 99
San Diego 184 86
San Francisco 115 99
San Joaquin 56 81
San Luis Obispo 11 36
San Mateo 60 59
Santa Clara 175 99
Santa Cruz 21 39
Solano 29 81
Sonoma 23 14
Ventura 49 56
All others 650 0
Statewide 2800 78

(1) Based upon annual averages from 1983 to 1986, and NEEDS data.
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E) draws upon flowrate and concentration data stored in an external file
(COUNTY.DAT).

Sludge Generation Estimates

Two methods for estimating sludge generation were compared. One
method of extrapolation (method 1) was to normalize the existing sludge
generation data by the wastewater flowrate, and analyze those facilities
without data in terms of their known flowrates. This method was crude,
as it did not account for the actual solids loading into the MWTP, or
the degree of treatment. Total suspended solids (TSS) information was
usually available for most of the MWTPs. Therefore, a second method
(method 2) to estimate sludge generation was

Sg = (S5 - Sg)a, (4)
where “Sg” is the amount of sludge generated (mass/time), "Q" is the
average wastewater flowrate, and "Si“ and "Se“ are the total suspended
solids concentrations in the influent and effluent streams, respec-
tively. 1If effluent TSS values were not available, an average percent
reduction of 80-90% was assumed. Since effluent concentrations of less
than 50 mg/1 were typical, the error incurred in doing so was small.
Method 2 is believed to be more appropriate than method 1, as it
accounted for the actual solids loadings to individual MWTPs. However,
for comparative purposes both methods were applied in this study. In-
fluent TSS concentrations were extracted from a data base (NEEDS) main-
tained by the California Water Resources Control Board. In order of
priority, flowrate data were obtained from direct contacts with POTWs,
reviews of Pretreatment Annual Reports, and dry weather flow data avail-
able in the NEEDS survey.

Estimating the Removal of PTOCs in Sludge

The amount of each PTOC that was removed in sludge streams was
estimated on a county-by-county and statewide basis. This was completed

by summing removal rates, “Sm , at individual treatment facilities. The
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value of "Sm" was estimated as the product of the mass loading in the
influent stream and the appropriate partition coefficient as listed in
Table 8. The resulting equation was

Sp = Km Cm,iQ’ (5)

where “S * is the amount (mass/time) of PTOC “m" removed in the sludge

streams of a specific MWTP, “Km" is the partition coefficient (fraction
of incoming mass of PTOC "m" that is removed in sludge), and Q" and

“C "

m.j are as defined previously.
H

Data Quality and Availability:s PTOC Sampling Procedures

A generally approved method for PTOC sample collectfon has not been
established. Subsequently, collection methods vary among MWTPs in
California. For instance, some MWTPs use containers with a top surface
open to the atmosphere to sample the influent and effluent streams.
Samples are typically transferred immediately to teflon-lined capped
glass vials with no observable air space in the vial. Other MWTPs pro-
ceed further to minimize exposure to air by utilizing a closed con-
tainer with a tube attached for siphoning wastewater samples into the
container. The tube opening is then sealed prior to removing the sample
container from the wastewater stream. Sludge samples are commonly taken
as a single "scoop” before being sealed in a container.

Sampling locations also vary among the MWTPs. Some treatment
plants sample influent streams in the collection system before the
wastewater ever reaches the headworks, while others sample at, or
slightly downstream of, the headworks. Effluent streams are most often
sampled after chlorination, but some are sampled prior to dechlorina-
tion. A few MWTPs report concentrations in the effluent stream at the
point of ultimate discharge, which can exist miles from the actual
treatment plant. In the latter case, volatile losses in the outfall
line may further reduce concentrations, and the additional reaction time
for those facllities that chlorinate may act to increase THM concen-
trations in the effluent stream.
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Temporal requirements are an important part of sampling. For
influent, effluent, and sludge streams, such requirements have been
outlined in the Federal Register (FR) (198l1). The FR states that the
data collected shall be representative of seasonal and yearly con-
ditions, as well as of similar quantity and quality as normal influent
and effluent flows. In addition, twelve samples are to be taken at
approximately equal intervals during the course of each annual period
of plant operation. Representative samples must be taken into account
for both workdays and non-workdays.

Requirements were also established for sampling procedures based
upon both composite and grab samples. For composite samples, influent
and effluent data must be obtained through 24-hour samples which are
proportioned by flow. Either discrete or continuous sampling is
allowed. However, for discrete sampling at least twelve samples are
recommended for compositing. These must be flow-proportioned either by
varying the volume of each aliquot, or the time interval between each
aliquot. Aliquots used for the collection of volatile pollutants must
be combined immediately prior to analysis.

The effects of lag time (hydraulic retention time) in an MWTP may
lead to influent and effluent samples which do not correspond to the
same wastewater “parcels". However, for continuous sampling over a
24-hour period, the FR states that "effluent sample collection need not
be delayed to compensate for hydraulic retention unless the POTW elects
to include retention time compensation or unless the Approval Authority
requires retention time compensation.” Furthermore, if retention time
is required to be taken into account it is required *to be based on a
24-hour average daily flow value.” The average daily flow corresponds
to the average flow during the same month of the previous year.

When composite samples are not feasible, grab sampling may be
necessary. Here, grab sample refers to an individual sample collected
over a time period of less than fifteen minutes. Retention time should
be taken into ‘account whenever grab Sémples are used.

According to the FR (1981), composite sludge samples should be
taken during the same period as the influent and effluent samples. Each
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composite sample must contain a minimum of twelve discrete samples
taken over a 24-hour period. If necessary, grab samples may also be
taken.

In MWTPs in California, influent and effluent samples are typically
drawn during the same 24-hour period, without accounting for the
hydraulic retention time. 1In most cases, eight grab samples are taken,
once every three hours, and composited immediately prior to analysis.

The frequency between 24-hour composite/grab sampling for volatile
priority pollutants varies significantly from plant to plant. For in-
stance, the Point Loma Wastewater Treatment Plant in San Diego reports
average influent and effluent concentrations for all volatile priority
pollutants on a once per month basis. Other facilities sample on a
quarterly, or wet season/dry season basis. Due to the infancy of the
EPA’s National Pretreatment Program (NPP), volatile priority pollutant
sampling extends back only one or two years for most POTWs, and some
relatively large PQOTWs have yet to sample for such pollutants.

Sampling for PTOCs in sludge streams is not as common as in influ-
ent and effluent streams. Many of the MWTPs in California have not
sampled sludge streams for volatile priority pollutants, and the data
from those which have are not of great value to adsorption studies
because of sampling location. Sludge “scoops™ are usually taken from
digested and partially or fully dewatered sludge. Volatilization,
transformation, and degradation during digestion, and volatilization
during dewatering make it impossible to predict the actual mass removal
in untreated (raw) sludge.

Sample Analysis Technigues

The EPA has specified a maximum time period, between the sampling
and analysis of most volatile priority pollutants, of fourteen days.
Many POTWs must contract with a private laboratory having a gas chroma-
tograph (GC) or GC/mass spectrometer (GCMS) capabilities to analyze
the wastewater samples. However, -several major POTWs (e.g., County
Sanitation Districts of Los Angeles County, City of Los Angeles, East
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Bay MUD, and the Sacramento Regional Wastewater Treatment Plant) have
laboratories which carry out the analyses.

The majority of POTWs in California, and private laboratories
contracted by POTWs, utilize EPA method 624 for the analysis of influent
and effluent samples. Detection limits for this method are 1listed in
Table 12. However, the method detection limit for specific wastewaters
may differ from those listed in Table 12 depending upon the nature of
interferences in the sample matrix. Method 624 is a purge-and-trap
technique which utilizes mass spectrometry as the detection method.

A recent study of the analysis methods for volatile compounds
revealed intra-laboratory and inter-laboratory differences in results
for duplicate samples analyzed using method 624 (Gurka, 1984). The
intra-laboratory study revealed differences generally less than 30%,
with a range of 5% to 300% depending on the compound. The inter-
laboratory differences were characterized by the same range, with dif-
ferences typically less than 70%. The highest variabilities were
reported for compounds that are common background contaminants in
laboratories (i.e., methylene chloride, 1,2 dichloroethane, and
chloroform). In the same study, it was observed that problems exist in
retaining volatile priority pollutants on solid samples, such as POTW
sludge matrices.

The preceding discussion exemplifies the fact that uncertainties in
the data exist due to sampling and analysis techniques. The intra-
laboratory study suggested that such inaccuracies can lead to overesti-
mates or underestimates of concentration by as much as a factor of
three.

Data Sources

Several sources of data were investigated as part of this study.
It is easiest to describe those sources in terms of data categorized as
concentration, flow, and other treatment characteristics (e.g., treat-
ment train);' The former two types of data were needed to complete mass
flow estimates in influent, and effluent streams. The latter was re-
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Table 12: Typical Detection Limits for the PTOCs

Detection Limits (ugA.)

Compound EPA Method 624 Range (Data Survey)
Acrylonitrile - 1.0 - 100
Benzene 4.4 0.1 -5
Bromodichloromethane 2.2 0.1 -2
Carbon tetrachloride 2.8 0.1 -3
Chlorobenzene 6.0 0.1 -5
Chloroform 1.6 .1 - 2
Dibromochloromethane 3.1 0.1 -3
1,1 Dichloroethylene 2.8 0.1 -3
Ethylbenzene 7.2 0.1 - 6
1,2 Dichloroethane 2.8 0.1 -3
Methylene chloride 2.8 0.1 -4
Perchloroethylene 4.1 0.1 -4
Toluene 6.0 0.1 -6
1,1,1 Trichloroethane 3.8 0.1 -4
Trichloroethylene 1.9 0.1 -2
Vinyl chloride 2.0 0.1 -5
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quired to complete more refined analyses of individual treatment plants
(Appendix H).

Concentration data

As a preliminary step in attempting to obtain concentration data,
each of the nine Regional Water Quality Control Boards (RWQCBs) were
contacted. While it was not possible for most of the RWQCBs to supply
summaries of PTOC measurements at POTWs within their respective region,
most of the RWQCBs were cooperative in assisting with the study. They
were able to provide lists of the appropriate contacts at each of the
POTWs within their region. Through such initial contacts it became
apparent that many of the POTWs that sample for volatile priority
pollutants summarize and submit sample results in their Pretreatment
Annual Reports (PARs) and/or NPDES reports.

PAR and NPDES reports are maintained by the individual POTWs that
are required to complete such reports, as well as their respective
RWQCB. In addition, the Region IX Office of the EPA, and the State
water Resources Control Board (SWRCB), maintain copies of the reports
for POTWs throughout California. A list of the POTWs that are required
to submit PAR reports is provided in Appendix C. To obtain data from
those reports, visits to the SWRCB and the EPA Regional office were
made. This proved to be valuable, as some of the reports which had yet
to be obtained by either the SWRCB or the EPA had been received by the
other.

While most of the reports that were reviewed (> 100) contained
sample information for some priority pollutants, a majority did not con-
tain information for volatile priority pollutants. Furthermore, the
degree of data that were submitted by those POTWs that did sample
varied from influent/effluent/sludge streams to concentrations in only
one or two of those streams. Many POTWs reported concentrations on a
guarterly basis, while some reported sample measurements taken only once
in a calendar year. Less sample data were available for sludge streams
than for influent and effluent streams. Nearly all of the samples that
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were reported corresponded to sampling completed during 1985. Some
extended into the first two quarters of 1986, while a few data sets
extended back to 1984. Due to the infancy of the National Pretreatment
Program, and relatively recent concerns regarding the fate of VOCs
during wastewater treatment, a large fraction of the POTWs have com-
pleted only one or two years of sampling for volatile priority pollu-
tants. The existing data base will grow and will become a valuable
resource in the coming years.

Several major POTWs did not include sample data for volatile
priority pollutants in their PAR reports, or their PAR reports were not
found at the SWRCB or the EPA. For this reason, a follow-up survey was
completed by telephone, letters of request, and plant visits. The
response was generally positive, with most of the POTWs promptly re-
sponding to our requests. The direct survey actually accounted for data
at MWTPs that represented a higher percentage of the municipal waste-
water treated in California than did the data compiled through analyses
of the PAR reports. The extent of the concentration data base will be
discussed in the following subsection.

Flow data

Hydraulic loading data were typically provided in the PARs. Influ-
ent flowrates were commonly provided on an average annual basis. How-
ever, some POTWs submitted average monthly or average wet season and
dry season flows, and several POTWs reported flows that occurred during
the period that concentration sampling was completed. Flowrate data
were also obtained as a result of the survey described for concentration
data. Average dry-weather flows were provided by the SWRCB via the
NEEDS data base that was completed for the EPA. The NEEDS data base
(hereafter referred to simply as the NEEDS) consists of information
regarding the characteristics of municipal wastewater collection and
treatment systems. It was completed in order to assess the future
needs of POTWs in terms of federal assistance. However, the data con-
tained in the NEEDS suffers from uncertainties due to the following
reasons:
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1. Many of the quantitative values are based upon engineering estimates
rather than historical data.

2. Some of the information in the NEEDS is outdated (e.g., not updated
since 1978-82). The SWRCB is currently in the process of completing a
partial update.

3. For some of the MWTPs, no historical or estimated values are pro-
vided.

Because of these limitations, data from the NEEDS were used on a low-
priority basis (i.e., only if data could not be obtained from more reli-
able sources).

Other treatment characteristics

Other treatment characteristics refers primarily to MWTP treatment
trains, and more detailed information regarding specific treatment
processes. For the largest MWTPs in California, this information was
obtained by contacting the appropriate individuals at either the MWTP or
the POTW. Information was generally available concerning plant layouts
and process specifications. For smaller MWTPs, treatment train data
were extracted from the NEEDS and then compiled as described in the
following subsection. A cross-check of treatment train information con-
tained in the NEEDS with information provided by the MWTPs revealed that
the NEEDS was fairly accurate with respect to MWTP treatment charac-
teristics. However, because much of the information in the NEEDs has
not been updated for several yeérs, recent modifications to MWTPs are
often not accounted for in the NEEDS data base.

Data Base Compilation

Data from the sources described in the previous subsection were
compiled and maintained on mini and microcomputers in the Department of
Civil Engineering at the University of California at Davis. The mini-
computer was used for computational analyses of the larger data sets.
A commercial data base software package was used to maintain data for
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reporting purposes on the microcomputer. The data base structure is
described in detail in Appendix F. The remainder of this subsection
describes the extent and nature of data that were obtained for each of
the categories 1listed previously.

Concentration data

A summary of the MWTPs from which concentration data were compiled
is provided in Table 13. The MWTPs listed in Table 13 represent less
than 10%, by number, of the MWTPs in California. However, they account
for 77% of the total municipal wastewater that is treated in California.
Those with both influent and effluent data account for greater than
76%. Those with only influent data account for 1%. Table 13 also indi-
cates that, even for the largest MWTPs in California, a very limited
amount of data exists regarding mass loadings of PTOCs. As noted pre-
viously, the frequency of sampling for PTOCs is low, and for many of
the MWTPs it was non-existent until the past one or two years. The
data compiled for this study are representative of the extent of exist-
ing concentration data, but must be interpreted cautiously. Table 11
indicates the percent of total flow, on a county-by-county basis, that
is accounted for by MWTPs with either influent data alone, or concen-
tration data in both the influent and effluent streams.

Flow data

Flow data were obtained for every MWTP in the NEEDS data base. For
the major POTWs, the NEEDS data were supplemented with more recent
(e.g., 1985) flow data. Existing wastewater flowrates were maintained
in a manner that allowed for NEEDS dry weather flowrates to be
separated from the other flow values.

Other treatment characteristics

Treatment train information was obtained for all of the MWTPs in
the NEEDS. ‘Major MWTPs (> 25 MGD) were contacted directly to obtain
plant specifications and treatment process information. The NEEDS
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Table 13as A Summary of MWTPs with Existing Concentration Datal

Facility Name

County

Alvarado (Union City)
East Bay MUD (Oakland)
Hayward

Livermore

Oro Loma (Castro valley)
San Leandro

C. Contra Costa (Martinez)
Delta Diablo (Pittsburg)
Richmond/San Pablo
Fresno
Selma/Kingsburg/fowler
Bakersfield #2
Bakersfield #3

Hyperion (E1 Segundo)
JWPCP (Carson)

Long Beach

Los Coyotes (Cerritos)
Pomona

San Jose Creek (whittier)
Saugus-Newhall

valencia

whittier Narrows (El1 Monte)
Ignacio

Novato

Merced b
Monterey/Salinas

Irvine Ranch

OCSD 1

OCSD #2

Riverside

Sacramento Regional

Alameda
1"
11"
1"
"
"

Contra Costa

13
"

Fresno

fr

Kern

"
Los Angeles

"

"

"

”

"

1"

1"

1
Marin

1"
Merced
Monterey
Orange

"

"

Riverside
Sacramento

Encina Joint Powers (Carlsbad)d San Diego
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Table 13bs A Summary of MWTPs with Existing Concentration Datal

Number of Sample Days

Facility Name County Influent Effluent Code2
Point Loma (San Diego) San Diego 18 18 A
Richmond-Sunset San Francisco 2 2 A
Southeast/Northpoint " 2 2 A
Stockton Regional San Joaguin 2 2 A
San Luis Obispo San Luis Obispo 1 1 E
San Francisco Int’l Airporte San Mateo 1 1 A
Burlingame " 1 4 B
South Bayside (Redwood City) " 2 2 A
South San Fran-San Bruno " 1 1 A
Gilroy Santa Clara 2 0 -
Palo Alto WWTF " 2 2 A
San Jose-Santa Clara " 6 9 B
Sunnyvale " 4 4 A
Watsonville Santa Cruz 1 0 -
Fairfield-Suison Solano 1 5 B
vallejo " 1 2 B
Petaluma Sonoma 1 4 B
Hill Canyon (Thousand Oaks) Ventura 2 2 A
Oxnard " 1 1 A
(1) Based upon data that were collected from Pretreatment Annual Reports and

(2)

POTW survey.

A = influent and effluent data correspond to same day; B = all influent
data have corresponding effluent data from the same day, but additional
effluent data exists; C = all effluent data have corresponding influent
data from the same day, but additional influent data exists; D = some,
but not all, of the influent and effluent data correspond to the same day;
E = influent and effluent data do not correspond to the same day.

At 5 mile effluent outfall.

Blended influent from Monterey, Salinas #1, and 4 smaller MWTPs. Monterey
and Salinas #1 WWTFs made up greater than 70% of the total flow.

Combined effluent from OCSD #1 and OCSD # 2.

Data from sampling completed in 1978.

Includes an Iindustrial wastewater treatment plant, and a water quality
control plant.
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information, with minor adjustments for some of the larger MWTPs, was
compiled as a separate data set so that those facilities with specific
treatment processes or configurations could be easily identified.

Assumptions and Limitations

This subsection is provided in order to describe the assumptions
and limitations regarding the use of the compiled data. The discussion
is of fundamental importance with respect to assessing the represen-
tativeness and uncertainties associated with estimated removal and
emission rates. Those rates will be discussed in Section 6. Again,
data is addressed in terms of concentration, flow, and other treatment
characteristics.

Concentration

In the following sections, emissions and mass removal estimates
will be presented in units which suggest a long-term basis (i.e.,
tons/year). In making such estimates, it was assumed that the limited
data which are available are representative of "typical® concentration
and flow conditions. In reality, quantitative estimates based upon a
small number of samples drawn during discrete sampling periods may not
be representative of the long-term average.

One limitation to the existing data is that most of the MWTPs did
not account for hydraulic retention time when concentrations were
measured in both the influent and effluent streams. This, coupled with
uncertainties in analysis techniques, may be the reason that for a few
MWTPs the non-THM PTOC concentrations in the effluent stream were
greater than those in the influent stream. For lack of a better
approach, the effects of hydraulic retention time were neglected, and
non-THM effluent concentrations were assumed to be equal to influent
concentrations when they were actually reported to be greater than the
influent concentrations.

Another assumption was made regarding the treatment of concen-
trations that were listed as below detection limit (BOL). Such concen-
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trations were assumed to be zero. In terms of concentrations in the
effluent stream, such an assumption is conservative with respect to
emissions estimates. The opposite is true for the influent stream.
However, at major MWTPs in industrialized regions such as the South
Coast Air Basin (SCAB) most of the PTOC concentrations in influent
streams were well above detection limits, so that the BDL=0 assumption
should not lead to underestimates of emission rates. The PTOCs that
were least likely to be affected by the BDL=0 assumption were those
that were frequently detected, and at concentrations well above the
detectable limit. Chloroform, methylene chloride, perchloroethylene,
and toluene satisfied these requirements.

The BDL=0 assumption also had varying degrees of significance de-
pending upon the specific PTOC detection limit. For instance, although
acrylonitrile was not detected by any MWTP that sampled for it, its
detection 1limit was quite high (1-100 wugA.) with respect to the other
PTOCs.

Flow data

Many of the POTWs that supplied volatile priority pollutant meas-
urements did not provide corresponding flowrates. However, the use of
annual average flowrates was found to be sufficient for this study.
Throughout most of the state, temporal variations in wastewater flow
were much less significant than those in PTOC concentrations.

For those treatment facilities for which 1985 annual average flow-
rates were not readily available, the NEEDS dry weather flow data were

applied.

Most of the hydraulic flow data were available only for the influ-
ent stream. For lack of a more appropriate approach, it was assumed
that the average flowrate in the effluent stream was equal to the
average influent flow. This neglects losses due to evaporation which
may be significant during warm weather in MWTPs that employ ponds with
large surfaceé<to-volume ratios.
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Although several uncertainties in the use of flow data were noted
above, such uncertainties were small with respect to those for concen-
tration data.

Other treatment characteristics

Except for special characteristics (e.g., fractional secondary
treatment) treatment trains were not considered in preliminary emissions
estimates. They are important for more refined emissions modeling
(Appendix H). However, for the largest MWTPs in industrialized regions,
up-to-date treatment train and process specifications were obtained
directly from the MWTP or corresponding POTW.

Summary of Uncertainties

The uncertainties in emissions or total removal rates stem from a
number of factors. These include losses arising from sampling tech-
niques, variabilities in the results obtained using existing analysis
techniques, lack of a sufficient data base to confidently extrapolate
to typical or representative conditions in individual MWTPs, and the
necessity to extrapolate to MWTPs without existing PTOC loading data.
A qualitative summary can be completed based upon the concepts
described above to alert the reader of uncertainties in the estimates
reported in Section 6. Semi-quantitative estimates are more difficult
to make. However, the cdncepts described above were used along with
best engineering judgement (BEJ) to compile a qualitative and semi-
quantitative summary of the uncertainties associated with the emissions
estimates described in Section 6. That summary is provided in the
remainder of this subsection.

Sampling techniques: Whenever dealing with volatile compounds, one must

be aware of the potential for volatile losses during sample collection,
preservation, and analysis. Unfortunately, such losses could not be
quantified from the existing data as they were highly dependent upon the
sampling approdch and devices used, as well as the degree of care taken
in handling the samples. After reviewing the procedures that were used

65



in order to obtain concentrations in the influent and effluent streams,
it is the authors’ judgement that the relative significance of losses
during sampling, transport and preservation before analysis were small
in comparison to uncertainties in other factors described below.

Analysis technigues: As noted previously, comparison studies of labor-
atories conducting VOC analyses have indicated that limitations in

current analytical techniques can lead to uncertainties as high as a
factor of three for PTOCs that are commonly found in laboratory environ-
ments, e.g., methylene chloride. The limited information on intra-
laboratory errors suggested that the majority of VOC analyses were with-
in about 30%. Differences formed from influent and effluent concentra-
tions would result in somewhat larger error bounds, the closer the
difference between influent and effluent concentrations, the larger
the relative error, but the absolute error would tend to decrease.
Thus, we believe that the larger sources of emissions, which had a
larger contribution and significance to the emission inventory, should
have had a smaller error associated with them. Similarly, for the
inter-laboratory comparisons typical errors for VOC analyses were less
than about 70%, and one would anticipate smaller errors with increasing
sample concentrations. Thus, based upon the PTOCs involved in the lab
study and experience with other VOCs, we believe a typical range of
uncertainty resulting from the chemical analyses should be less than
100% (a factor of two).

Temporal variations in data: The historical data available for in-
dividual MWTPs were limited either by the number of days, or sampling
periods, during which PTOC samples were drawn. The assumption that the
existing data is representative of typical flow and concentration, i.e.,
mass loading, conditions was an additional source of uncertainty in the

emission estimates. Hourly variations in wastewater flowrates were
accounted for by most POTWs, since flow-proportioned composite samples
were common. Flow variations over longer time periods were not signifi-
cant at most MNTPs. For the largest MWTPs in California, recent annual
average flowrates were available. For others, flows corresponding to
the PTOC sambling periods were available, and concentrations were
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weighted accordingly in order to better represent average mass loadings.
For smaller MWTPs that were not directly contacted and that did not sub-
mit PAR reports, average dry-weather flow data from the NEEDS data base
were used. On the average, NEEDs flows were found to underestimate
more recent annual average flowrates by approximately 20%. The dif-
ferences could be caused by the out-dated nature of the NEEDS data, as
well as higher flowrates due to infiltration during wet seasons which
are not accounted for by the NEEDS. The overall uncertainties in waste-
water flowrates are not expected to exceed approximately 20% on an
MWTP-by-MWTP basis, and should be even less on a county-by-county and
statewide basis.

Temporal variations in PTOC concentration were expected to be much
greater than those for flowrate. Estimating the uncertainties due to
such variations was difficult because of a lack of historical data.
Long-term reductions in the use and discharge of priority pollutants as
a result of environmental regulations and programs such as the National
Pretreatment Program could result in additional systematic errors in the
emission estimates beyond those of day-to-day variability of industrial
and commercial discharges. Furthermore, variations and uncertainties
are expected to differ according to the specific PTOC. Table 14 sum-
marizes temporal variations in the influent concentrations of the most
commonly detected PTOCs, at three large MWTPs in California. Assuming
normal distribution functions for the influent concentration, a 95%
confidence 1limit would correspond to about a factor of three. (In
reality, concentrations appeared to be more closely approximated by log-
normal distributions.) These tentative uncertainty estimates were based
upon a limited number of sample points at a small number of MWTPs.
Given the amount of data available , a more sophisticated statistical
analysis was not warranted. Additional, though smaller sources of
errors were associated with temporal variation of effluent concentra-
tions and lack of account of hydraulic retention time during some
sampling. Insufficient data existed for quantification.

Extrapolation to MWTPs without datas Based upon a comparison of
extrapolated results for MWTPs with existing data on total PTOC emis-
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Table 14: Temporal vVariation of PTOC Concentrations in Influent Streams

Concentration (ug/1)

# of sample Sampling 1 Extremes Coefficient of

Facility/Compound days period Average min  max variation
Point Loma WWTF 4/85 ~ 8/86

Chloroform 18 7.3 <l.6 55.5 1.71

Perchloroethylene 18 7.8 <1 56 1.71

Toluene 18 51.3 <2 260 1.30
Sacramento Regional WWTF 5/83 - 5/86

Chloroform 9 5.9 <l 12 0.98

Perchloroethylene 9 11.8 <2 31 1.08

Toluene 7 10.1 <2 45 1.60
East Bdy MUD WWTF 9/84 - 6/86

Chloroform 6 20.9 6 44 0.62

Perchloroethylene 6 122.5 <4.1 610 1.95

Toluene [ 37.6 18 52 0.34
Hyperion Treatment Plant 2/86 - 4/86

Chloroform 5 21.4 16.2  24.7 0.16

Perchloroethylene 5 102.1 65.5 138 0.27

Toluene 5 151.8 49.7 425 1.03

(1) values listed as below detection limit were assumed toc be equal to zero.



sions against those without, differences as high as a factor of five
were observed. For individual PTOCs, the differences could have been
higher. However, the MWTPs that fell into the extrapolation category
accounted for only 23% of the total municipal wastewater treated
throughout California. Furthermore, most of those MWTPs were located in
non-industrialized areas where large discharges of PTOCs were not
expected. In the extrapolation procedure, this was accounted for by
normalizing by the fraction of the total flow that originated from
industrial dischargers. It should be noted that a partial survey of
MWTPs and POTWs indicated that the method of classification of
industrial and commercial dischargers was not uniform. Significant
sources of emissions projected using extrapolated concentrations are
identified in Section 6 of this report.

Although, overall uncertainties in emissions due to extrapolation
may be relatively high for in&ividual MWTPs, the uncertainties should
not be as large on a regional or statewide basis. A county-by-county
summary of the wastewater flowrate accounted for by MWTPs with con-
centration data was presented in Table l11. The information included in
Table 11 also serves as an indicator of the extent of extrapolation in
various counties.

Assuming worst-case conditions: From an emissions standpoint,

"worst-case” refers to the condition in which the total removal of PTOCs
in a MWTP is attributed entirely to volatilization. The existing
literature suggested that the errors associated with such an assumption
are probably small for volatile organic compounds (e.g., the PTOCs).
The combined removal by adsorption and unacclimated biodegradation were
typically reported to be less than 30% of the total compound removal.
The removal decreased as the volatility of the PTOC increased and the
degradability and affinity for adsorption decreased. In addition,
errors in the emissions estimate vary according to the physical pro-
cesses employed by individual MWTPs. For primary treatment facilities
biodegradation would be insignificant and the assumption of volatiliza-
tion as the only removal mechanism would be better than for facilities
which employ biological treatment.
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Assuming uncontrolled emissions:  Some MWTPs that utilized covered
treatment processes attempted to treat off-gases, primarily to reduce
emissions of odorous gases such as hydrogen sulfide. The efficiency of
the off-gas control devices for removing gaseous PTOCs has not been
determined.  Although the number of MWTPs that treat off-gases was
small, probably less that 10, the effects of efficient off-gas treatment
could be significant as some of the larger MWTPs utilize off gas control
devices.

Removal efficiencies: For those MWTPs with influent-only or no data,
Equation 3 was used to estimate emissions. Vvalues had to be selected

for the overall removal efficiency factor ”bm”. For this study, average
values of ”bm” were calculated based upon the MWTPs with existing influ-
ent and effluent data. The efficiencies were typically high (> 80%),
and were probably conservative for many primary treatment facilities
for which extrapolation was required. On an individual MWTP basis, it
is the authors’ collective judgement that the removal efficiencies led
to overestimates as high as a factor of two, and underestimates as
great as 25%. However, only 24% of the total municipal wastewater
discharged in California fell into that category.

Overall uncertaintys As was illustrated by the previous discussion, the

uncertainties in emissions estimates were a function of many factors.
Those factors included whether or not the uncertainties were based upon
estimated emissions at individual MWTPs, or on a regional or statewide
basis, the degree and quality of data available for individual MWTPs,
and the method used to estimate emissions (i.e., direct estimate from
existing data, or extrapolation). Because of such diverse factors, the
prescription of overall uncertainties in estimated emissions must be
based upon best engineering judgement which incorporates as much of the
existing quantitative information as possible. As some facilities are
characterized by a larger historical data base than others, ranges of the
uncertainty for individual MWTPs are presented in Table 15. In addi-
tion, the degree of uncertainty associated with emissions varied from
MWTP-to-MWTP and from PTOC-to-PTOC, while the data base used for extra-
polation varied from county-to-county. A range of factors from two to
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Table 153 Estimated Uncertainties in Emissions Estimates1

Category Within a Factor of?
Individual Treatment Facilities:
influent and effluent data 2-5
influent data only 2 - 5+
extrapolation 5-10
County-by-County 2-10
Statewide 2 -4

(1) Based upon ”best engineering judgement”

(2) Ranges account for differences in the extent of historical data from
individual MWTPs and/or different uncertainties for different PTOCs.



ten is estimated for counties. Those counties at the lower end of the
range include Alameda, Contra Costa, Los Angeles, Orange, Sacramento,
San Francisco, and Santa Clara. In those counties, the degree of extra-
polation was low, as MWTPs with both influent and effluent data
accounted for a large fraction of the county’s wastewater discharge.
The statewide uncertainty factor range is based upon the fact that most
of the emissions in California occurred in those counties mentioned
above. A range is given, as uncertainties vary according to the speci-
fic PTOC. PTOCs at the lower end of the range include perchloro-
ethylene, toluene, and 1,1,1 trichloroethane. The PTOCs at the upper
end of the range include bromodichloromethane, carbon tetrachloride,
chlorobenzene, chloroform, dibromochloromethane, 1,1 dichloroethylene,
1,1 dichloroethane, methylene chloride, and vinyl chloride. These ob-
servations were based upon the freguency and magnitude of detected con-
centrations, the potential for emissions that were not accounted for
from the formation of THMs during chlorination, and other sources of
errors (e.g., analytical techniques) noted for individual PTOCs as pre-
viously described.

The trend in uncertainty of the estimates was such that the larger
the emissions, both by PTOC and by individual source, the smaller the
uncertainty, i.e., closer to a factor of two. The largest contributors
to the uncertainty being the temporal variation of influent loadings in
those cases. With increased data availability expected as a result of
recent reporting requirements, the uncertainty in future estimates
should be reduced.
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6. RESULTS and DISCUSSION

Emissions estimates are presented in this section based upon Equations
2 and 3 of Section 5. The estimates represent a “worst-case” scenario in
the sense that the difference between the mass of PTOCs entering the MWTP
in the influent and leaving in the effluent was assumed to completely
volatilize. The estimates do not account for adsorption to sludge,
biodegradation within the plant, nor the possible presence of control
devices on off-gas streams. In spite of those limitations, it is felt that
the estimates provide a good approximation to the potential levels of
emissions from MWTPs in California given the available data, and are an
improvement over estimates previously reported (Dixon and Bremen, 1984).
The format of the presentation is such that a successively more detailed
breakdown of the emissions is provided, first on a statewide basis,
followed by county-by-county and individual MWTP analyses. Thus, the
reader can easily trace statewide emissions to the most significant
counties, and the county-wide emissions to the MWTPs which were the most
significant sources of either speciated or total PTOC emissions. Estimates
of sludge generation and the removal of PTOCs in sludge streams are also
presented on a statewide and county-by-county basis. These are followed by
a discussion of the results. Conclusions and recommendations are provided
in Sections 7 and 8.

Statewide Emissions

On an annual basis an estimated 803 tons of the 16 PTOCs were
emitted from MWTPs throughout California during the period roughly
corresponding to 1983 to 1985. If emissions of THMs, formed as a result
of chlorination, as well as emissions of PTOCs that pass through the
treatment system were to be taken into account, that total would have
risen to approximately 1400 tons/year (tpy). For scaling purposes,
those PTOCs with emissions less than 10 tpy are shown in Figure 4 while
those with emissions of greater than or equal to 10 tpy are shown in
Figure 5.
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The zero emissions estimate for acrylonitrile was based on the
fact that acrylonitrile was never detected at any of the MWTPs for
which existing concentration data were obtained. However, detection
limits for acrylonitrile were typically much higher (10-100 ug/) than
those for the other PTOCs. It is possible that acrylonitrile could
have been discharged and emitted without detection. Based upon a flow-
weighted average detection limit of 30 ugA, acrylonitrile emissions
could have been as high as 140 tpy. However, knowledge of its limited
uses and sources (Tables 2 and 3), and the fact that it went unde-
tected consistently, suggests that there were very low emissions of
acrylonitrile from MWTPs in California.

The estimated emissions for bromodichloromethane and dibromochloro-
methane would have been higher if THM formation had been considered.
For instance, at a number of MWTPs, one or both of those PTOCs were
detected in the effluent stream but not in the influent stream. While
accounting for the formation resulting from chlorination would have in-
creased the estimated emissions of both PTOCs by a factor of approxi-
mately two, the statewide emissions for each would have remained rela-
tively low.

A review of past data at MWTPs in Los Angeles County suggested that
carbon tetrachloride emissions from MWTPs have decreased significantly
(greater than an order of magnitude) during the past decade, as the use of
carbon tetrachloride has been severely restricted. The estimate reported
here reflects the newer data.

It is possible that emissions of both 1,1 dichloroethylene and vinyl
chloride have been underestimated, as the estimates did not account for
their formation as a result of the degradation of more halogenated
compounds, particularly during anaerobic digestion. A lack of existing
data made it impossible to estimate such emissions. This is an area where
future measurements could prove to be valuable.

The estimatéd emissions for chloroform may be low for the same
reasons listed previously for bromodichloromethane and dibromochloro-

76



methane. If THM formation had been taken into account, the estimated
statewide emissions of chloroform would have been approximately 50 tpy.
The increase is lower than a factor of two, because a large percentage
of the chloroform emissions were attributed to MWTPs that did not
chlorinate on a regular basis. The two PTOCs with emissions estimated
to be greater than 200 tpy were methylene chloride and toluene. The
combined emissions for those two PTOCs accounted for greater than 62% of
the total mass emissions of all PTOCs.

County-By-County Emissions

The ten counties with the highest total PTOC emissions are shown in
Figure 6. The total and speciated PTOC emissions for each of the 58
counties in California are listed in Table 16. The ten counties shown
in Figure 6 accounted for 93% of the total PTOC emissions throughout the
state. Los Angeles County alone accounted for 59% of those emissions.
Thirty-seven counties individually contributed less than 1.0 tpy to the
statewide emission total. Of the ten counties shown in Figure 6, Los
Angeles, San Diego and Stanislaus counties require additional comments
to clarify the nature of uncertainties in the estimates.

In San Diego County, high emissions (47 tpy) were estimated from
the Encina Joint Powers WWTF in Carlsbad. However, that estimate was
based upon data collected in 1978, wher very high concentrations of
methylene chloride and 1,1,1 trichloroethane were observed in the in-
fluent stream. Based upon reductions in influent concentrations
observed in other MWTP data over the same period, emissions from the
Encina Joint Powers WWTF, and San Diego County, were likely to have been
over-estimated.

Emissions in Stanislaus County were based entirely upon extrapola-
tion from other MWTPs in the Central Valley. Large *industrial flow"
contributions were reported at the Modesto and Riverbank treatment
facilities and resulted in most of the estimated emissions for that

county. It was not known whether the "industrial flows™ were represen-
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Table 16a: County-By-Cbmty Emissions

TOTAL EMISSIONS

COUNTY NAME (TONS/YEAR)
Los Angeles 473.53
Santa Clara 92.30
San Diego 59.77
Alameda 38.866
Orange 35.70
San Mateo 14.20
Stanislaus 13.03
San Joaquin 11.85
Contra Costa 9.06
San Francisco 8.28
Sacramento 6.93
San Bernardino 5.93
Fresno 5.85
Solano 3.30
Ventura 2.95
Tulare 2.62
Yolo 2.41
Merced 2.26
Riverside 1.90
Santa Barbara 1.11
Kern 1.08
Sutter 0.89
Monterey 0.88
Sonoma 0.85
Marin 0.70
Santa Cruz 0.65
Kings 0.47
Humboldt 0.39
Imperial 0.38
San Luis Obispo 0.38
Shasta 0.37
Napa 0.34
Butte 0.33
Placer 0.31
El Dorado 0.30
San Benito 0.28
Nevada 0.23
Madera 0.22
Mendocino 0.18
Tehama 0.16
Lake 0.16
Glenn 0.14
Siskiyou 0.13
Tuolumne 0.13
Yuba 0.12
Plumas 0.11
Inyo 0.08
Colusa 0.08
Mono 0.08
Lassen 0.05
Del Norte 0.05
Amador 0.04
Calavaras 0.03
Mariposa 0.02
Trinity 0.01
Modoc 0.01
Sierra 0.00
Alpine 0.00

(2) Benzene

(3) Bromodichloromethane
(4) Carbon tetrachloride
(5) Chlorobenzene

(6) Chloroform

INDIVIDUAL PTOC EMISSIONS

CEmme e, M S - -
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(TONS/YEAR)
4)
22 0.83
00 0.00
37 0.00
18 1.84
04 0.00
03 0.00
00 0.00
60 0.00
00 0.00
00 0.00
00 0.00
09 0.00
00 0.00
00 0.00
04 0.00
00 0.00
00 0.00
00 0.00
01 0.00
01 0.00
00 0.00
06 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
60 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
00 0.00
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Table 16b: County-By-County Emissions

COUNTY

EMISSIONS INDIVIDUAL PTOCS

Los Angeles
Santa Clara
San Diego
Alameda
Orange

San Mateo
Stanislaus
San Joaquin
Contra Costa
San Francisco
Sacramento
San Bernardino
Fresno
Solano
Ventura
Tulare

Yolo

Merced
Riverside
Santa Barbara
Kern

Sutter
Monterey
Sonoma
Marin

Santa Cruz
Kings
Humboldt
Imperial
San Luis Obispo
Shasta

Napa

Butte
Placer

El Dorado
San Benito
Nevada
Madera
Mendocino
Tehama

Lake

Glenn
Siskiyou
Tuolumne
Yuba

Plumas

Inyo

Colusa
Mono

Lassen

Del Norte
Amador
Calavaras
Mariposa
Trinity
Modoc
Sierra
Alpine

00000000 0000000000000 0000000000O0OO0O000O0DOOOOODOOO0ODOOOO0OODO

(7) DibromocHloromethane
(8) 1,1 Dichloroethylene

(8) Ethylbenzene

(10) 1,2 Dichloroethane
(11) Methylene chloride
(12) Perchloroethylene

(13) Toluene

00000000 0000000000000 00000D00D0000DDOO0OCO0O0OO0OOOODOODOOOOKOOO

(TONS/YEAR)
(8) (10) (11)
15.40 B8.19 136.48
0.04 0.00 42.75
2.20 0.01 14.06
0.13 0.00 4.34
0.18 0.14 14.43
0.55 1.89 2.64
0.27 0.00 0.71
0.03 0.00 0.08
0.06 0.02 3.30
0.45 0.00 0.82
0.00 0.00 0.87
0.63 0.00 0.85
0.08 0.00 0.31
0.05 0.01 0.69
0.03 0.00 0.05
0.05 0.00 0.17
0.05 0.00 0.17
0.08 0.00 0.13
0.12 0.01 0.32
0.01 0.01 0.19
0.05 0.00 0.08
0.02 0.00 0.05
0.00 0.00 0.17
0.01 0.01 0.14
0.01 0.01 0.12
0.01 0.01 0.09
0.01 0.00 0.03
0.00 0.00 0.07
0.01 0.00 0.05
0.01 0.00 0.06
0.00 0.00 0.06
0.00 0.00 0.06
0.01 0.00 0.04
0.00 0.00 0.05
0.00 0.00 0.05
0.00 0.00 0.05
0.00 0.00 0.04
0.00 0.00 0.01
0.00 0.00 0.03
0.00 0.00 0.01
0.00 0.00 0.03
0.00 0.00 0.01
0.00 0.00 o©.02
0.00 0.00 0.02
0.00 0.00 0.02
0.00 0.00 0.02
0.00 0.00 0.01%
0.00 0.00 0.01
0.00 0.00 0.01
0.00 ©0.00 0.0
6.00 0.00 0.01
0.00 0.00 0.01
0.00 0©.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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(12) (13)

19.62 181.36
8.33 32.65
1.03 4.94
14.18 7.21
1.6 8.75
1.78 1.40
2.95 2.71
2.40 7.59
0.81 0.71
0.00 2.47
2.08 2.16
0.44 2.56
0.56 0.87
0.45 0.40
0.48 0.13
0.57 0.53
0.51 0.48
0.57 0.43
0.15 0.58
0.14 0.17
0.29 o0.23
0.20 0.18
0.25 0.10
0.14 0.14
0.08 0.12
.11 0.08
0.10 0.09
0.05 0.06
0.06 0.06
0.04 0.05
0.05 0.05
0.04 0.05
0.06 0.06
0.04 0.05
0.04 0.04
0.04 0.04
0.03 0.03
0.05 0.04
0.02 0.03
0.03 0.03
0.02 0.02
0.03 0.03
0.02 0.02
0.02 0.02
0.02 0.02
0.01 0.02
0.01 0.01
0.02 0.02
0.01 0.01
0.01 0.01
0.01 0.01
0.01 0.01
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00



Table 16c: County-By-County Emissions

EMISSIONS INDIVIDUAL PTOCS

(TONS/YEAR)

COUNTY (14) (15) (16)

Los Angeles 35.95 8.18 1.72
_Santa Clara 2.64 2.76 0.00
San Diego 36.01 0.03 0.00
Alameda 6.54 1.54 0.00
Orange 6.87 1.00 0.00
San Mateo 1.10 0.67 0.00
Stanislaus 0.64 4.69 0.00
San Joaquin 0.07 1.14 0.00
Contra Costa 0.24 0.10 0.00
San Francisco 1.02 2.02 0.00
Sacramento 0.29 0.30 0.00
San Bernardino 0.31 0.04 0.00
Fresno 0.40 3.30 0.00
Solano 0.09 0.13 0.00
Ventura 0.46 0.03 0.00
Tulare 0.13 0.88 0.00
Yolo 0.12 0.76 0.00
Merced 0.11 0.74 0.00
Riverside 0.11 0.06 0.00
Santa Barbara 0.07 0.05 0.00
Kern 0.04 0.18 0.00
Sutter 0.04 0.32 0.00
Monterey 0.11 0.02 0.00
Sonoma 0.05 0.04 0.00
Marin 0.04 0.03 0.00
Santa Cruz 0.05 0.02 0.00
Kings 0.02 0.16 0.00
Bumboldt 0.03 0.02 0.00
Imperial 0.02 0.05 0.00
San Luis Obispo 0.02 0.01 0.00
Shasta 0.02 0.02 0.00
Napa 0.02 0.02 0.00
Butte 0.02 0.07 0.00
Placer 0.02 0.01 0.00
El Dorado 0.02 0.01 0.00
San Benito 0.02 0.01 0.00
Nevada 0.01 0.01 0.00
Madera 0.01 0.07 0.00
Mendocino 0.01 0.01 0.00
Tehama 0.01 0.04 0.00
Lake 0.01 0.01 0.00
Glenn 0.01 0.04 0.00
Siskiyou 0.01 0.01 0.00
Tuolumne 0.01 0.01 0.00
Yuba 0.01 0.01 0.00
Plumas 0.01 0.01 0.00
Inyo 0.01 0.00 0.00
Colusa 0.00 0.02 0.00
Mono 0.00 0.00 0.00
Lassen 0.00 0.00 0.00
Del Norte 0.00 0.00 0.00
Amador 0.00 0.00 0.00
Calavaras 0.00 0.00 0.00
Mariposa 0.00 0.00 0.00
Trinity 0.00 0.00 0.00
Modoc 0.00 0.00 0.00
Sierra 0.00 0.00 0.00
Alpine 0.00 0.00 0.00

{14) 1,1,1 Trichloroethane
(15) Trichloroethylene
(16) Vinyl chloride
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tative of "industrial flows™ at MWTPs in the Central valley for which
data were available.

Several of the PTOCs were emitted in relatively small quantities on
a county-by-county basis. For instance, the maximum county-wide emis-
sions of bromodichloromethane, chlorobenzene, dibromochloromethane, and
1,1-dichloroethylene were each less than 1.5 tpy.

Los Angeles County was responsible for large fractions of the
statewide emissions of other PTOCs. 1In particular, Los Angeles County
accounted for 100% and 89% of the vinyl chloride and benzene emissions,
respectively. It also accounted for greater than 70% of the emissions
of ethylbenzene, 1,2 dichloroethane, and toluene, and greater than 50%
of the statewide emissions of methylene chloride. Two large plants
contributed the majority of the estimated potential emissions. As will
be subsequently discussed, the controlled emissions from one of those

plants could be substantially lower.

With the exception of Los Angeles County, only a few other counties
contributed large fractions of individual PTOCs to the statewide total.
For instance, Alameda County accounted for 67% and 43% of the statewide
emissions of carbon tetrachloride and 1,1 dichloroethylene, respective-
ly. In addition, 77% of the chlorobenzene emitted by MWTPs in Califor-
nia was emitted in San Mateo County.

MWTP-By-MWTP Emissions

The MWTPs with total PTOC emissions of greater than 2.0 tpy were
ranked according to total PTOC emissions, and are listed in Table 17.
Twenty-nine MWTPs emitted greater than 2.0 tpy of total PTOCs. Of those
29 treatment facilities, 8 were located in Los Angeles County. The
emissions estimates for those facilities noted with asterisks were
based upon extrapolation techniques described in Section 5 and were
characterized by 4 greater degree of unceértainty than most of the other
facilities listed in Table 17.
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Table 17a: Plant-By-Plant Emissions

INDIVIDUAL PTOC EMISSIONS

TOTAL EMISSIONS (TONS/YEAR)

PLANT NAME ( TONS/YEAR) (2) (3) (4)

Joint WPCP 296.09 29.55 0.00 0.00
Hyperion WWTF 112.32 8.50 0.17 0.87
San Jose/Santa Clara WPCP 58.67 0.00 0.00 0.00
Encina Joint Powers STP 46.94 0.00 0.00 0.00
Terminal Island WWTF 29.75 1.34 0.03 0.02
Palo Alto WWTF 29.14 0.00 0.00 0.00
East Bay MUD WWTF 25.07 1.21 0.18 0.00
OCSD WWTF No. 2 20.42 1.07 0.00 0.00
Los Coyotes WRP 14.82 1.54 0.00 0.03
OCSD WWTF No. 1 13.26 0.13 0.02 0.00
Pt Loma WWTF 11.41 0.25 0.35 0.00
Stockton Reg. WWTF 10.35 0.00 0.00 0.00
Hayward WWTF 10.10 0.00 0.00 1.84
South Bayside WWTP 8.66 0.00 0.03 0.00
Southeast/North Point 7.56 0.64 0.00 0.00
Sacto Reg WWTF 6.87 0.00 0.00 0.00
Modesto WWTF 6.71 0.00 0.00 0.00
L.A. Glendale WWRP 5.46 0.25 0.01 0.00
Richmond/San Pablo WWTF 5.30 0.05 0.00 0.00
Sunnyvale WWTF 4,37 0.00 0.00 0.00
Chino Basin Reg TP #1 3.93 0.18 0.06 0.00
Riverbank WWTF 3.85 0.00 0.00 0.00
Fresno WWTF 3.78 0.00 0.00 0.00
Burbank WWRF 3.19 0.14 0.00 0.00
San Francisco Intnl. Airp 3.07 0.03 0.00 0.00
Pomona WRP 2.50 0.00 0.00 0.00
Whittier Narrows WRP 2.42 0.03 0.00 0.00
San Leandro WWTF 2.17 0.00 0.00 0.00
Central Contra Costa WWTF 2.01 0.06 0.00 0.00

* = emissions based upon extrapolation
(2) Benzene

(3) Bromodichloromethane
(4) Carbon tetrachloride
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Table 17b: Plant-By-Plant Emissions

PLANT NAME

INDIVIDUAL PTOC EMISSIONS

(10)

- ——————— - — ——— - A Y e G . e B e e - - e - - D - -

Joint WPCP

Hyperion WWTF

San Jose/Santa Clara WPCP
Encina Joint Powers STP
Terminal Island WWTF

Palo Alto WWTF

East Bay MUD WWTF

OCSD WWTF No. 2

Los Coyotes WRP

OCSD WWTF No. 1

Pt Loma WWTF

Stockton Reg. WWTF
Hayward WWTF

South Bayside WWTP
Southeast/North Point
Sacto Reg WWTF

Modesto WWTF

L.A. Glendale WWRP
Richmond/San Pablo WWTF
Sunnyvale WWTF

Chino Basin Reg TP #1
Riverbank WWTF

Fresno WWTF

Burbank WWRF

San Francisco Intnl. Airp
Pomona WRP

Whittier Narrows WRP

San Leandro WWTF

Central Contra Costa WWTF

Chlorobenzene
Chloroform
Dibromochloromethane
(8)
(9) Ethylbenzene

(10) 1,2 Dichloroethane

1,1 Dichloroethylene

COO0O0O0O0OQ0O0O0OO0OOCOOHROOO0OQCOOO0OODOO
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(TONS/YEAR)

(6) (7) (8) (9)
2.63 0.00 0.00 3.99
6.57 0.03 0.19 8.87
1.73 0.00 0.00 0.00
0.12 0.00 0.00 0.00
2.17 0.01 0.08 1.44
0.97 0.00 0.00 0.00
0.04 0.05 0.00 0.00
0.48 0.00 0.00 0.11
0.48 0.00 0.00 0.47
0.33 0.00 0.00 0.02
0.42 0.00 0.00 2.09
0.41 0.00 6.00 0.00
0.18 0.00 1.24 0.06
1.47 0.00 0.90 0.47
0.43 0.00 0.00 0.44
1.22 0.00 0.00 0.00
0.48 0.00 0.04 0.14
0.40 0.00 0.02 0.26
3.05 0.00 0.00 0.00
'0.38 0.00 0.00 0.04
0.34 0.00 0.00 0.45
0.27 0.00 0.03 0.08
0.03 0.00 0.05 0.05
0.23 0.00 0.01 0.15
0.05 0.00 0.00 0.01
0.01 0.00 0.03 0.00
0.01 0.00 0.01 0.03
0.03 0.00 0.00 0.01
0.00 0.00 0.00 0.00

emissions based upon extrapolation
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Table 17c: Plant-By-Plant Emissions

(12)

INDIVIDUAL PTOC EMISSIONS
(15)

(16)

PLANT NAME (11)
Joint WPCP 120.93
Hyperion WWTF 5.00

San Jose/Santa Clara WPCP 18.65
Encina Joint Powers STP 11.44
Terminal Island WWTF 5.70
Palo Alto WWTF 22.18

East Bay MUD WWTF

OCSD WWTF No. 2

Los Coyotes WRP

OCSD WWTF No. 1

Pt Loma WWTF

Stockton Reg. WWTF
Hayward WWTF

South Bayside WWTP
Southeast/North Point
Sacto Reg WWTF

Modesto WWTF

L.A. Glendale WWRP
Richmond/San Pablo WWTF
Sunnyvale WWTF

Chino Basin Reg TP #1
Riverbank WWTF

Fresno WWTF

Burbank WWRF

San Francisco Intnl. Airp
Pomona WRP

Whittier Narrows WRP
San Leandro WWTF
Central Contra Costa WWTF

HOOONOOOOKHMFHROOODOOONMNMHW
o
(3.}

COO0O0O0O00OCOOOHNOHONOOHOWO RO IO

* = emissions based upon extrapolation

(11) Methylene chloride
(12) Perchloroethylene
(13) Toluene

(14) 1,1,1 Trichloroethane
(15) Trichloroethylene
(16) Vinyl chloride

(TONS/YEAR)
(13)  (14)
.86 124.76 5.47
.37 48.73 15.62
32 28.29 0.72
.00 0.00 35.37
.66 7.82 5.21
26 3.69 1.59
13 4.60 0.68
.96 5.48 4.30
.44 6.05 3.49
.44 2.88 2.32
90 4.45 0.56
.06 7.28 0.00
72 0.20 5.59
08 0.74 0.39
.00 2.46 1.02
.07 2.15 0.29
53 1.40 0.33
86 1.44 0.96
16 0.30 0.07
73 0.65 0.33
.28 1.78 0.20
.88 0.80 0.19
.00 0.48 0.31
50 0.84 0.56
.02  0.12 0.42
.03  0.02 2.30
66 0.56 0.36
11 1.93 0.00
.41 0.19 0.13

COOCOOONKHOOOONOFOOOOOCOOROOOR AN

CO0OO0O0O0CO0O0COO0OO0OOCOO00OODOOOOOOOOKOD



While Los Angeles County was responsible for 59% of the PTOC emis-
sions statewide, two MWTPs were responsible for 86% of the emissions
in Los Angeles County and 50% of the total PTOC emissions from MWTPs
throughout the entire state. The total estimated emissions from the
Joint Water Pollution Control Plant (JWPCP) were 296 tpy (uncontrolled),
and the total emissions from the Hyperion Treatment Plant (HTP) were 112
tpy. It should be noted that the JWPCP is not a “typical® MWTP, as it
utilizes a covered conveyance and primary treatment system with control
devices on off-gas vents of processes ahead of the pure-oxygen aeration
units used for secondary treatment. Other large pure-oxygen treatment
facilities in California include the East Bay MUD WWTF, the Orange
County Sanitation District Plant #2 (0CSD #2), and the Sacramento
Regional WWTP. However, these are not believed to employ as extensive a
set of air pollution control devices on vented gases.

The emissions from the JWPCP reported herein were inconsistent with
emissions estimated by the staff of the County Sanitation Districts of
Los Angeles County (CSDLAC). The CSDLAC completed gas-phase measure-
ments at gas scrubbers installed principally for odor control, at pri-
mary treatment off-gas vents, at aerated channels, and at vents leading
from the pure-oxygen biological reactors. Preliminary results of an
ongoing study by the CSDLAC indicated that total emissions of 23 VOCs,
including most of the PTOCs, were 150 lb/day (27 tpy) (Caballero, 1987).
Most of those emissions were attributed to PTOCs. A large fraction
(80%) of the emissions were detected after passage through off-gas
scrubbers. PTOC emissions resulting from gases vented from the pure-oxygen
system were particularly low (< 3 1lb/day), which could possibly be
attributed to the fact that surface oxygenation rather than submerged
diffuser oxygenation was utilized. The order of magnitude difference in
total emissions as observed by the CSDLAC and estimated for this study can
possibly be explained by one or more of the following reasonss:

1. The time periods during which the liquid and gas-phase samples were
drawn did not coincide. It is possible that unusually high PTOC loadings
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in the influent stream were experienced, although for the two 24 hour
periods (12-6-85 and 5-14-86) for which data were available, the
influent concentrations differed by only a factor of 2.6. By the same
token, the gas-phase samples could have been drawn during a period
characterized by wunusually low PTOC mass loadings in the influent
stream.

2. Scrubbers that were designed to reduce emissions of odorous gases
(e.g., hydrogen sulfide) could have also been efficient at removing
PTOCs. The off-gases from most of the aerated processes were passed
through caustic scrubbers, activated carbon beds, or both. The authors
do not believe that removal in caustic scrubbers could have accounted
for an order-of-magnitude reduction in PTOC emissions. However, the
PTOCs could have adsorbed in the activated carbon beds, thereby
reducing emissions. Previous testing by the CSDLAC has indicated break-
through times for the beds as low as two weeks for some of the PTOCs
(Caballero, 1987). The activated carbon was being replaced with rege-
nerated or virgin carbon at intervals of approximately four to six
months. However, even following break-through, some fraction of the
stripped PTOCs could continue to be removed. The extent of this removal
is not known, and further research would be valuable in order to study
the treatment of off-gases as a method for reducing PTOC emissions.

3. Although many processes were analyzed as part of the gas-sampling
study, additional processes which were not considered could be sources
of PTOC emissions. These included emissions after adsorption to solids
(e.g., stripping in, and leakage from, digesters; volatilization during
composting). However, as noted in Section 4 of this report, only a
small fraction of the incoming PTOC mass is typically removed in sludge
streams.

4., The *“worst-case" assumption (i.e., all removal of PTOCs is by
volatilization) might not be valid for pure-oxygen treatment facilities
which, in comparison to conventional activated sludge systems, typically
contact much less dgas with the liquid phase. Because pass-through was
accounted for by subtracting the effluent concentrations from the in-
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fluent concentrations, the removal of PTOCs, if not by volatile losses,
would be expected to result from adsorption and biodegradation. As
noted above, adsorption was expected to be low, leaving only biodegrada-
tion to account for PTOC removals. Such a conclusion can not be veri-
fied at the present time. However, further studies are warranted in
light of the potential significance with respect to reducing PTOC
emissions during wastewater treatment.

The HTP is currently a partial secondary treatment facility. On
the average, 300 MGD (75%) of the incoming wastewater is treated using
only primary treatment processes. The remaining 100 MGD (25%) is
treated using conventional activated sludge systems. Higher in-plant
PTOC emissions would be expected if a larger percentage of the
wastewater was subjected to aerated secondary treatment. Emissions from
the HTP could change significantly, as the facility was scheduled to be
modified to a pure-oxygen activated sludge plant by 1993. At that
time, four 130 MGD pure-oxygen systems will go on-line. The overall
effects of the modification on emissions can not be accurately predicted
at this time. The added treatment could lead to either an increase or
a decrease in PTOC emissions, depending upon the importance of biode-
gradation or installation of off-gas control systems. In either case, a
study of the PTOC emissions before and after the modifications would be
valuable and would provide a better understanding of the role of such

modifications on PTOC emissions.

Other Los Angeles County treatment facilities that emitted greater
than 15 tpy of total PTOCs were the Terminal Island Treatment Plant (30
tpy) and the Los Coyotes Water Reclamation Plant in Cerritos (15 tpy).
Estimated emissions at the Terminal Island Treatment Plant were based
upon extrapolation using data from other MWTPs in Los Angeles and
Orange Counties. The high emissions estimates were a result of a large
industrial flow contribution to the total wastewater flow.

Throughout the rest of California, other MWTPs with total PTOC
emissions greater than 10 tpy included the San Jose/ Santa Clara WPCP
(59 tpy) and the Palo Alto WWTF (29 tpy) in Santa Clara County, the
East Bay MUD WWTF in Oakland (25 tpy) and the Hayward WWTF (10 tpy),
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each in Alameda County, the OCSD plants #2 (22 tpy) and #1 (13 tpy) in
Huntington Beach and Fountain valley, respectively, the Encina Joint
Powers WWTF (47 tpy) and the Point Loma WWTF (11 tpy), each in San Diego
County, and the Stockton Regional WWTF (10 tpy) in San Joagquin County.
None of the emissions from those facilities were based upon extrapola-
tion. The use of possibly outdated data for the Encina Joint Powers
WWTF was discussed previously.

The combined benzene emissions from the JWPCP and the HTP accounted
for 82% of the total benzene emissions from all MWTPs in the state (as-
suming no control systems). The third and fourth largest sources were
also from Los Angeles County; the Los Coyotes WRP (1.5 tpy), and the
Terminal Island Treatment Plant (1.3 tpy).

Ninety-eight percent of the statewide carbon tetrachloride emis-
sions were accounted for by the Hayward WWTF (1.8 tpy) and the HTP (0.9

tpy).

Seventy-six percent of the statewide chlorobenzene emissions were
emitted by the South Bayside WWTF in Redwood City.

The two largest sources of chloroform emissions were the HTP (6.6
tpy) and the Richmond/San Pablo WWTF (3.1 tpy). Recall that volatile
losses after in-plant formation were not considered.

At 8.9 tpy, the HTP was the largest source of ethylbenzene emis-
sions. The HTP also emitted 7.7 tpy of 1,2 dichloroethane.

The JWPCP was responsible for 89% (121 tpy) of the methylene
chloride emissions in Los Angeles County (and 54% of the methylene
chloride emissions statewide (assuming no control systems). Emissions
of methylene chloride were also significant at the Palo Altoc WWTF (22
tpy) and the San Jose-Santa Clara Water Pollution Control Plant (19

tpy).

Perchloroethylene emissions at the East Bay MUD WWTF (13 tpy) ac-
counted for 52% of the total PTOC emissions from that plant. Other
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sources which emitted greater than 5.0 tpy were the San Jose/Santa Clara
WPCP (7.3 tpy) and the JWPCP (5.9 tpy).

An estimated 46% of the toluene (uncontrolled) emitted by MWTPs in
California was emitted by the JWPCP (125 tpy). The HTP added 49 tpy.
The San Jose/Santa Clara WPCP added 28 tpy, and the Terminal Island
Treatment Plant and the Stockton Regional WWTF each emitted greater than
7 tpy.

The largest sources of 1,1,1 trichloroethane emissions were the
Encina Joint Powers WWTF (35 tpy), the HTP (16 tpy), the Hayward WWTF
(5.6 tpy), and the JWPCP (5.5 tpy).

No single MWTP dominated in terms of trichloroethylene emissions.
The largest sources were the HTP (4.4 tpy), the Fresno Regicnal WWTF #1
(2.7 tpy), the JwPCP (2.5 tpy), the Modesto WWTF (2.4 tpy), and the San
Jose/Santa Clara WPCP (2.0 tpy).

Finally, emissions of vinyl chloride occurred only at MWTPs in Los
Angeles County. The MWTPs included the HTP (1.0 tpy), the JwPCP (0.4
typ), and the Terminal Island Treatment Plant (0.2 tpy).

A data base which included speciated PTOC emissions from all of the
MWTPs in California was provided toc the CARB on floppy-disk in partial
fulfillment of the contract which sponsored this report. It also in-
cluded information regarding the locations and treatment characteristics
of individual MWTPs throughout California. The data base is described
in detail in Appendix F.

The Significance of MWTPs in the South Coast Air Basin

In the previous subsections, quantitative estimates of worst-case,
uncontrolled, emissions of PTOCs were presented on a statewide, county-
by-county, and MWTP-by-MWTP bases. For completeness, the significance
of such emissions will be addressed. While a discussion of the signifi-
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cance of those emissions with respect to public health and/or photoche-
mical oxidant formation was beyond the scope of this study, it was
possible to compare the predicted emissions with known or predicted
emissions from other sources. A well documented summary of the
emissions of potentially toxic air contaminants exists for the South
Coast Air Basin (SCAB) (zwiacher et al., 1985). The report contains
estimates of emissions from point sources (> 20 tpy) and combined area
sources (< 20 tpy) throughout Los Angeles, Orange, Riverside, and San
Bernardino Counties (the SCAB). Because such a summary exists, and
because most of the predicted emissions from MWTPs in California
occurred in the SCAB, that region was chosen for further analysis. It
is important to note that the emissions report for the SCAB was updated
as of 1984, and that MWTPs were .not incorporated as emissions sources.
Therefore, the emissions estimates completed for this study could be
added to the existing emissions base.

In Table 18, emissions from all of the MWTPs in the South Coast Air
Basin are compared with total emissions from other sources. From a basin-
wide perspective, emissions of benzene, methylene chloride, perchloro-
ethylene, 1,1,1 trichloroethane, and trichloroethylene from MWTPs were
much less than emissions from other sources. However, emissions of
toluene, chloroform, carbon tetrachloride, 1,2 dichloroethane, and vinyl
chloride from MWTPs were comparable to other sources.

Predicted emissions from individual MWTPs, particularly the JWPCP,
HTP, and the Terminal Island Treatment Plant, indicated that each faci-
lity could be a major source of some PTOCs with respect to other known
point sources. As an example, in Table 19, emissions from the HTP are
compared with emissions from the largest known sources of each PTOC in
the SCAB.

The Significance of Emissions Following Wastewater Treatment

The emissions éstimates presented in this section were based upon
in-plant volatilization. However, at several major MWTPs, a significant
quantity of PTOCs passed through the entire treatment train or were gen-
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Table 18s A Comparison of Emissions from MWTPs and Other Sources in the
South Coast Air Basin

Emissions (tons/year)

Compounds MWTPS Other Sourcesl
Benzene 43. 7983.
Carbon tetrachloride 0.9 3.
Chloroform 16. negligible
1,2 Dichloroethane 8.3 12.5
Methylene chloride 152. 14304.
Perchloroethylene 22. 12756.
Toluene 203. 1010.
1,1,1 Trichloroethane 43. 16495.
Trichloroethylene 9.3 546.
vinyl chloride 1.7 1.3

(1) From Zwiacher et al. (1985).
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Table 19s A Comparison of Emissions from the Hyperion Treatment Plant and

Large Point Sources in the South Coast Air Basin

Emissions (tons/year)

Largest Point

Compound Hyperion Sourcel
Benzene 8.5 34,
Carbon tetrachloride 0.9 3.
Chloroform 6.6 <0.025
1,2 Dichloroethane 7.7 1.8
Methylene chloride 5.0 529.
Perchloroethylene 4.4 214.
Toluene 49. 103.
1,1,1 Trichloroethane 15.6 588,
Trichloroethylene 4.4 5.0
vinyl chloride 1.0 1.32

(1) From Zwiacher et al (1985).

(2) Combined emissions from three PVC producing facilities.



erated during the chlorination process. Those PTOCs were not accounted
for in the emissions estimates. Ultimately, those PTOCs could have
volatilized from either the effluent conveyance system or the receiving
water to which they were discharged. 1In many cases it would have been

inappropriate to add such emissions to the total emissions from a MWTP,
as the point of discharge was often located several miles from the
treatment facility. On a statewide basis, greater than 50% of the total
wastewater treated by MWTPs is discharged directly to the Pacific Ocean.
Furthermore, such MWTPs in the South Coast Air Basin and San Diego
account for a large percentage of the total statewide loading of PTOCs
in effluent streams. It should alsoc be noted that the ultimate fate of
PTOCs that are discharged to receiving waters, particularly to the
ocean, is not well understood.

The quantity of PTOCs that annually pass-through a MWTP can be
estimated. An analysis was completed using PTOC concentration data for
the effluent streams of MWTPs in the largest, most industrialized coun-
ties. These included the five counties with the highest total PTOC
emissions from MWTPs. The results are shown in Table 20. If one
further assumes that volatilization was the ultimate fate of the PTOCs,
“worst-case” emissions following treatment were nearly equal to those
that occurred during treatment in Los Angeles County. In Orange County,
the 94 tpy emitted from effluent streams would be a factor of 2.6
greater than emissions during treatment. 1In both San Diego County and
Alameda County emissions from effluent streams were approximately 35% of
the total in-plant emissions, and emissions from MWTPs in Santa Clara
County were relatively small compared to emissions during treatment.
The latter was due to strict discharge requirements for those facilities
which discharged into the southern end of San Francisco Bay. Bearing in
mind the above caveats, the statewide PTOC emissions would have risen
from 803 tpy to approximately 1400 tpy.

Sludge Generation and PTOC Removal in Sludge Streams

Table 21 provides a list of counties ranked according to the total
removal of all PTOCs by adsorption, sludge treatment, and sludge dispo-
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Table 20s Worst-Case Emissions from Effluent Conveyance Systems and

Receiving waters

County

Los Angeles
Orange

San Diego
Alameda

Santa Clara

Statewide

Total PTOC
Emissions (tons/year)

446
94
20
14

7

600



96

Table 21: PTOC Mass Removals in Sludge Streams

Estisated Mass Resovals in Sludge Streamss (tons/year)

Estinated
Sludge N E &3
Generation  Total % B % o H <« E 2 3 < @ =

County (1000 tons/yr) PTOCs M@ & & B H 2 B & 8 B B8

Los Angeles 43 58.640 0.85 0,05 0.05 0.18 1{.70 0.10 18.90 4.00 32.20 0.50 0.49 0.02
Santa Clara A3 7.20 0,00 0.00 0.01 0,02 0,01 0,00 3.50 0.35 3.20 0,02 0.12 0.00
Orange 122 430 0.06 0,08 0.01 0.02 0.13 0.00 2.20 0.41 1.30 0.11 0.10 0.00
San Diego o4 2,80 0,01 0,00 0.00 0,01 0.12 0.00 .30 0.08 1.00 0.25 0.00 0.00
Alaneda 40 2.40  0.03 0,08 0.00 0,02 0,02 0.00 0.42 0.70 0.74 0.05 0.09 0.00
San Joaquin 17 0.¢1 0.00 0.00 0.00 0.00 0.00 0.00 0.0f 0.10 0.74 0.00 0.05 0.00
Stanislaus 14 0.80 0.00 0.00 0.00 0.01 0.01 0,00 0.09 0.15 0.30 0.01 0.23 0.00
San Francicsa 17 0.79 0,01 0.00 0.00 0.01 0,02 0.00 0.24 0.12 0.27 0.0%1 0.09 0.00
San Natea 17 0.62 0.00 0,00 0.07 0.02 0,02 (.02 0.23 0.08 o0.14 0.01 0.03 0.00
Contra Costa 2 0.50 0.00 0.00 0,00 0,03 0.01 ¢.00 0,34 0.04 0.07 0,00 0.01 0.00
Sacrasento 2 0.47 0.00 0.00 0.00 0.01 0.00 0.00 0.12 o0.1f 0,21 0.00 0.01 0.00
San Bernardino 20 0.47 0.00 0.00 0.00 0.00 0,03 0.00 0.12 0.02 0.28 0.00 0.00 0.00
Fresno 13 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.07 0.09 0.00 0.19 0.00
Selano 9 0.21  0.00 0,00 0.00 0.01 0.00 0.00 0.10 0.03 0.05 0,00 0.01 0.00
Tulare b 0.16 0.00 0.00 0.00 0.00 0.00 0,00 0.02 0.03 0.06 0.00 0.04 0.00
Merced b 0.14 0,00 0.00 0,00 0.00 0.00 0.00 0.02 0.03 0.05 0,00 0.04 0.00
Yolo b 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.05 0.00 0.04 0.00
Riverside |: I 0.12  0.00 0.00 0,00 0.00 0.01 0.00 0.04 0.01 0.06 0.00 0.00 0.00
Honterey 8 0.07 0.00 0.00 0.00 0.00 0,00 0.00 0.03 0.01 0.02 0.00 0.00 0.00
Ventura 22 0.07 0,08 0.00 0.00 0,01 0.00 0.00 0.08 0.02 0.02 0.00 0.00 0,00
Kern 7 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.0f 0.02 0.00 0.01 0.00
Santa Barbara 9 0.06 0.00 0,00 0,00 0.00 0,00 0,00 0.02 0.01 0.02 0.00 0,00 0.00
Sonoma 8 0.03 0.00 0.00 0.00 0.60 0.00 0.00 0.02 0.01 0.02 0.00 0.00 0.00
Sutter 2 0.05 0.00 0.00 0.00 0,00 0,00 0.00 0.08 0,01 0.02 0.00 0.02 0.00
All Others 4 0.29 0,01 0,01 0.01 0.05 0.02 0.01 0.08 0.02 0.06 0.02 0.04 0.0%
Statewide 793 81.7  0.98 0.15 0.15 0.40 2.10 0.13 27.7  6.45 41.0 0.98 1.61 0.03

0.00 = 0.01

VThere BENZ = benzene; CTET = carbon tetrachloride: CBENZ = chlorobenzene:

CFORM = chloroform; EBENZ = ethylbenzene; DCA = 1,2 dichloroethane;

METH = methylene chloride; PERC = perchloroethylene; TOL = toluene;

TCA = 1,1,1 trichloroethane; TCE = trichloroethylene; and VIN = vinyl chloride.



sal. The estimated amount of sludge generated is shown, as are spe-
ciated PTOC removals. Negligible removals were assumed for
acrylonitrile, bromodichloromethane, dibromochloromethane, and 1,1 dich-
loroethylene.

The estimated amount of sludge generated was based on the average
of amounts obtained by using both the flow-correlation and total sus-
pended solids approaches that were described in Section 5. The estima-
tes were corrected for known values. The resultant estimate was 0.8
million dry tpy were generated. Los Angeles and Orange Counties
accounted for 46% of that total.

The sum of PTOCs removed in sludge streams statewide was 81.7 tpy,
with Los Angeles County accounting for 72% of the total.

Only four individual PTOCs were removed in quantities of more than
1.0 tpy for any given county. An estimated 1.7 tpy of ethylbenzene were
removed in the sludges generated in Los Angeles County. Methylene
chloride and toluene removals were both greater than 1.0 tpy in Los
Angeles, Santa Clara, Orange, and San Diego Counties. Perchloroethylene
removals in Los Angeles County were estimated to be 4.0 tpy. On a state-
wide basis, only toluene (41 tpy), methylene chloride (28 tpy), per-
chloroethylene (6.5 tpy), ethylbenzene (2.1 tpy), and trichloroethylene
(1.6 tpy) were removed in sludge at quantities exceeding 1.0 tpy.

A large fraction of the sludge that was generated in California was
placed in landfills. The Hyperion Treatment Plant has practiced sludge
disposal to the ocean, but will soon convert to sludge incineration and
removal to landfills. A small fraction of the total sludge generated
in California was composted and utilized commercially as a soil amend-
ment.

Finally, the PTOC removals in sludge could be subtracted from
statewide and county emissions to arrive at new, less than worst-case,
estimates for PTOC emissions. In most counties this would have led to
less than a 10% reduction in the emissions estimates.
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7. CONCLUSIONS

Potentially toxic organic compounds (PTOCs) have been observed in
the influent of MWTPs in California. With the exception of trihalo-
methanes, concentrations of PTOCs have been generally observed to de-
crease in passing from the influent to the effluent of the plant. A
review of the literature has shown that the following processes are
significant in removing volatile PTOCs from wastewater:s volatilization,
adsorption to solid particles and biomass, and biodegradation. For
volatile PTOCs the literature, expert opinion, and limited data favor
removal from wastewater primarily by volatilization with a lesser amount
being degraded or removed with sludge. This conclusion was largely
based on the following observations:

1) Biodegradation of PTOCs is known to be slow for unacclimated systems.
Based upon the data collected for this study, acclimation of organisms
was unlikely at the levels of PTOC concentrations typically observed in
influents to MWTPs in California.

2) Volatile PTOCS have a low affinity for adsorption. The two PTOCs
with the highest Henry’s law constants, carbon tetrachloride and vinyl
chloride, were observed to be the PTOCs that were the most efficiently
removed in MWTPs.

3) An analysis of raw data obtained from previous studies indicated
that adsorption to sludge accounts for only a small fraction (<10%) of
the total removal of PTOCs during wastewater treatment. Furthermore,
sludge treatment processes such as dissolved air flotation and sludge
drying are conducive to volatile emissions of PTOCs. It was estimated
that 0.8 million tons/year (tpy) of sludge were produced in California,
and that 82 tpy of PTOCs were removed in sludge streams. The most com-
mon  sludge disposal practice was landfilling, from which volatile
emissions of PTOCs was also possible.

For those reasons, a conservative estimate of PTOC 1loss by
volatilization was carried out by assuming that all removal of PTOCs in
a MWTP would occur by volatilization.
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Little is known regarding the fate of PTOCs in collection systems
or after discharge to a receiving water. However, the limited data
available suggests that volatile emissions from collection systems could
be significant with respect to emissions during wastewater treatment,
depending upon the type of collection system, degree of “breathing™
losses from the collection system and possible degradation in the
collection system. Further conclusions regarding the magnitude of these
losses could not be made. The fate of PTOCS in receiving waters was
also uncertain, though for most surface receiving waters one would
expect a high degree of volatilization. However, a large portion of
treated effluent in California was being discharged to the ocean by sub-
merged outfalls.

This study has focussed upon the fate of PTOCs during wastewater
treatment, with a particular emphasis on assessing the potential for in-
plant volatile emissions and losses to sludge streams. The following
points can be made on the basis of the literature reviewed and the data
gathered:

1) PTOCs are potentially emitted from large MWTPS in industrialized areas
in significant quantities in comparison with other known point sources on a
statewide, county-by-county, or individual basis.

2) Counties in which MWTPs were predicted to be major sources of total
and speciated PTOC emissions have now been identified.

3) MWTPs which were potentially significant individual sources of PTOC
emissions have also been identified.

4) Sources of data that can be used to predict veolatile PTOC emissions
have been identified. The data base is expected to increase in future

years leading to improved estimates of PTOC emissions.

5) 1Individual treatment processes that are most conducive to emissions
have been identified. As a result, recommendations regarding areas
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where further field sampling and research would be valuable, in order to
reduce the uncertainties associated with PTOC emissions and to develop
control techniques if they are deemed to be necessary, can be given.

Item 5 is discussed in detail in Section 8 and in Appendix G.
Specific conclusions relating to items 1 through 4 are discussed in the
remainder of this section.

A total volatilization assumption was necessary, as emissions esti-
mates based upon sophisticated models could not be made because of
limited, and sometimes non-existent, PTOC data. As federally mandated
industrial pretreatment programs mature, more influent and effluent data
will become available. The additional data should reduce uncertainties
associated with the temporal representativeness of PTOC mass loading
data at individual treatment plants (a major source of uncertainty in
the values reported). However, substantial uncertainties in emissions
estimates will probably continue to exist as a result of a lack of
understanding regarding the roles of different removal mechanisms,
sample and analysis techniques, and the necessity to extrapolate
emissions to MWTPs that do not sample for PTOCs.

For this study, Pretreatment Annual Reports and surveys of regional
water quality control boards, POTWs, and MWTPs allowed for PTOC data to
be collected at MWTPs that treated 77% of the municipal wastewater that
was discharged to POTWs in California. Extrapolation techniques were
studied and applied to account for the remaining 23%. The uncertainties
associated with emissions estimates were reviewed and estimated to be
within a factor of two to four, depending on the PTOC, on a statewide
basis. A summary of those findings is given belows

1) In recent years (1983-1986), an estimated 803 tons/year (tpy) of
PTOCs were emitted during wastewater treatment throughout California.
A review of past data suggested that emissions of PTOCs from MWTPs have

been reduced significantly during the past décade.

2) An additional 600 tpy of total PTOCs were discharged in the effluent
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streams of MWTPs throughout California. Such discharges may have led to
significant additional emissions of PTOCs.

3) On a statewide basis, emissions were low (<3.0 tpy) for acrylo-
nitrile, bromodichloromethane, carbon tetrachloride, chlorobenzene,
dibromochloromethane, 1,1 dichloroethylene, and vinyl chloride.
Emissions were relatively high (> 200 tpy) for methylene chloride and
toluene. Emissions of benzene, chloroform, ethylbenzene, 1,2 dich-
loroethane, perchloroethylene, 1,1,1 trichloroethane, and trich-
loroethylene were in the range of 10 tpy to 100 tpy.

4) Total PTOC emissions from MWTPs were relatively low in most coun-
ties and from all but a few individual MWTPs. The regions of most sig-
nificant emissions were the South Coast Air Basin, particularly Los
Angeles County, and the region consisting of Alameda and Santa Clara
Counties.

5) The Joint Water Pollution Control Plant (JWPCP) and the Hyperion
Treatment Plant (HTP), both in Los Angeles County, appeared to be po-
tentially significant sources of total and speciated PTOC emissions in
comparison to existing point sources in the SCAQMD. However, the JWPCP
utilized pure-oxygen activated sludge treatment with off-gas controls on
many aerated processes. These control devices could have led to actual
controlled emissions which that were significantly lower than the uncon-
trolled emissions estimated for this study. The HTP was scheduled to be
modified to a pure-oxygen treatment facility by 1993, leading to future
changes in the emissions from that source. A few other MWTPs could be
significant point sources of PTOCs in comparison to other sources in
their respective air basins.

6) Chlorination of wastewater led to significant increases in the
concentration of chloroform in the effluent streams of those MWTPs that
post-chlorinate. On a statewide basis, chlorination may have led to an
increase in chloroform emissions from 36 tpy to approximately 50 tpy.
Chlorination did not lead to significant production or emissions of
bromodichloromethane or dibromochloromethane.
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The study of MWTPs as sources of potentially toxic organic compound
emissions to the atmosphere is a recent topic of concern. Large uncer-
tainties continue to exist regarding several key elements associated
with emissions from POTWs. Hopefully, this study will provide an im-
proved understanding of the potential of MWTPs as PTOC emissions sources
in California. However, in order to reduce uncertainties, to improve
emissions estimates and gain a better understanding of the factors that
affect the fate of PTOCs in POTWs, additional sampling and research is
needed. The completion of this study has allowed for the identification
of specific research needs and sampling efforts that would be valuable
in the future. These will be discussed in the following section.
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8. RECOMMENDATIONS

Precise estimates of emissions of volatile PTOCs from POTWs were
not possible given the data base and level of understanding of the fate
of PTOCs. Future sampling efforts would lead to a better understanding
of the extent of PTOC emissions from POTWs, particularly from those
which have the potential for large emissions. Additional research could
build upon existing knowledge of the factors that affect the fate of
PTOCs in POTWs, and investigate methods of controlling PTOC emissions.
General recommendations in those areas are discussed in this section.
More detailed recommendations for sampling at specific treatment facili-
ties are provided at the end of Appendix G.

Collection Systems: Although we suspect that emissions from collection

systems are relatively small, possibly the greatest uncertainty in total
emission estimates stems from potential emissions from that source. To
reduce the uncertainty, sampling should be undertaken in collection
systems which serve industrial users known to discharge PTOCs. Collec-
tion system air exchange ("breathing®™) rates need to be measured to
determine whether significant air exchange with the atmosphere occurs.
Concurrent measurements of wastewater flowrates, surface levels and tem-
perature gradients would be valuable for future modeling of air displa-
cement. Concentrations in both the collection system atmosphere and the
wastewater should be monitored as well in order to determine whether
acclimation and significant biodegradation can occur before the
wastewater reaches the treatment facility. In light of the size of the
collection system and the characteristics of industrial users, collec-
tion systems in Los Angeles County may be the most appropriate for
future sampling.

Emissions at MWTPs with Significant PTOC Loadingss The most appropriate
method to study PTOC emissions that occur during wastewater treatment
would be to complete an extensive gas and liquid-phase sampling effort
at one or more MWTPS that were identified as having potentially high
uncontrolled emissions. The results of this study indicated that the
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Joint Water Pollution Control Plant, the Hyperion Treatment Plant, and
the San Jose-Santa Clara Water Pollution Control Plant would be suitable
candidates in that respect. Specific treatment processes which should
be investigated through field sampling include bar screens, aerated grit
chambers, aerated conveyance channels, primary clarifiers and clarifier
weirs, conventional and pure-oxygen activated sludge systems, trickling
filters, anaerobic digesters, chlorine contact chambers, and effluent
outfall systems. The identification of treatment facilities with specific
processes that should be considered for future sampling are listed at the
end of Appendix G.

Pure-Oxygen Activated Sludge Treatment: Several of the MWTPs that were
ranked highly as individual sources of PTOC emissions utilized pure-oxy-
gen activated sludge treatment. Because those systems were covered and

employed lower gas-to-liquid volume ratios than conventional activated
sludge treatment processes, reduced PTOC emissions would be expected
from such systems. The Hyperion Treatment Plant (HTP) was scheduled to
be converted from a primary/conventional activated sludge system to a
pure-oxygen activated sludge plant by 1993. To study the stripping
efficiencies of conventional and pure-oxygen systems it would be valu-
able to complete gas and liquid-phase sampling at the HTP’s aeration
basins before and after the process modifications. Concurrent labora-
tory and pilot-scale studies of the effects of different oxygenation
systems (i.e., surface oxygenators, and coarse and fine bubble dif-
fusers) on volatilization might alsc suggest the most appropriate design
considerations for simultaneously satisfying the requirements of efficient
biological treatment and reduced PTOC emissions.

Biodegradation as an Emissions Control Techniques Biodegradation could
be a feasible method for reducing PTOC emissions during secondary waste-
water treatment. However, it is believed that conditions necessary to
maintain a microbial population fully acclimated to PTOCs are rarely, if

ever, met at municipal wastewater treatment plants. Research to study
the factors that affect acclimation could lead to physical, chemical, or
biological treatment modifications, e.g., sequenced batch reactor opera-
tion, which would increase the relative fraction of PTOCs degraded while
reducing the fraction volatilized.
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Production of PTOCs by Degradation: Biodegradation, particularly during
anaerobic digestion, can lead to the production of PTOCs through sequen-
tial dehalogenation of other halogenated compounds. For instance, the
more volatile vinyl chloride can be formed as a result of the degrada-
tion of perchloroethylene or trichloroethylene. Great uncertainties
exist regarding losses of digester gases and the subsequent emissions of
PTOCs such as vinyl chloride and 1,1 dichloroethylene. Knowledge of the
degradation/formation process could be improved through- laboratory or
pilot-scale studies. Emissions of PTOCs from anaerobic digesters should

be investigated through field sampling. Pressure-relief valves are a
potential source of PTOC releases from digesters, as are openings on the
roofs of floating roof digesters.

0ff-Gas Control Devices: Spray scrubbers and activated carbon filters
are control devices sometimes used to treat off-gases from those MWTPs
characterized by covered treatment processes. The Joint water Pollution
Control Plant utilized both caustic scrubbers and activated carbon
filters to treat off-gases. However, the efficiencies of those devices
at removing PTOCs from off-gases were not known. Field studies to in-
vestigate the efficiencies of those devices are warranted, particularly
at the JWPCP, where high uncontrolled emissions of PTOCs were estimated.

Formation of Trihalomethanes: The formation of chloroform during and
after chlorination can occur at MWTPs. The results of this study indi-
cated that chloroform formation could be significant, not only with
respect to emissions of chloroform prior to chlorination, but also to
other known sources of chloroform. Field studies of 1liquid-phase
chloroform concentrations immediately before, during, and after chlorine
injection, and gas-phase sampling for chloroform above and downwind of
chlorine contact chambers would be valuable to further assess the magni-
tude of the chloroform formation problem. Treatment facilities that
appeared to form chloroform in significant amounts relative to detect-
able influent mass loadings included the San Jose-Santa Clara WPCP,
Sunnyvale WWTF, Sacramento Regional WWTF, East Bay MUD WWTF, and
Fairfield-Suisun WWTF.
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Research regarding the formation of chloroform could be valuable in
order to identify important precursor compounds. In addition, methods
to remove precursors prior to chlorination, or to modify disinfection
processes in order to operate with less chlorine available for reaction
to form THMs, could lead to reductions in chloroform formation and
emissions.

Volatilization from Effluent Qutfall and Receiving Waterss The results
of this study indicated that approximately 600 tons/year of PTOCs were
discharged in the effluent streams of MWTPs. The potential emissions of
those PTOCs from effluent conveyance channels and from receiving waters
was not well understood. A large fraction of the PTOCs were discharged
to the ocean where they could have subsequently risen, volatilized, and
been carried onshore. However, great uncertainty exists regarding the
roles of chemical and biological reactions in the degradation of PTQGCs
in an ocean environment. Similarly, large quantities of sludge have
been placed in the ocean. If sludge deposits have built up, it is con-
ceivable that anaerobic decomposition will occur (perhaps at greatly
reduced rates in comparison to sludge digesters) and produce bulk gas
releases which will transport volatile PTOCs to the surface where they
can subsequently be advected on shore. Additional research in these

areas should be undertaken.
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APPENDIX As GLOSSARY

The following definitions are intended to serve those readers with
a limitgd.knowledge of wastewater treatment. To avoid confusion, many of
the definitions are not general, and refer only to descriptions appro-
priate to wastewater treatment.

Absorption: Dissolution of a substance into the body of another.

Acclimations The process by which biomass adjusts to the utilization
of an organic contaminant.

Activated carbon (AC): Porous wood or coal char particles used to col-
lect soluble substances through the process of adsorption. AC is typi-
cally categorized as granular (GAC) or powdered (PAC).

Activated sludge system (AS): A commonly used biological process in
which a suspended, aerobic, microbial culture is used to treat primary
effluent.

Adsorption: The physical and/or chemical process in which a substance
is accumulated at an interface between distinct phases.

Advanced treatments Tertiary treatment. Treatment used to accomplish
further removal of suspended and dissolved materials remaining after
secondary treatment.

AReration: The addition of oxygen to a wastewater in order to meet the
biological requirements of aerobic biomass, or to meet effluent dis-
solved oxygen requirements. Diffused bubble and surface agitation by
mechanical means are two common aeration methods. Both air and pure
oxygen have been utilized for aeration purposes. The former is also
employed for particle suspension.

ARerobic processes: Biological treatment processes that occur in the
presence of oxygen. Certain bacteria (obligate aerobes) car survive
only in the presence of dissolved oxygen.

Anaerobic processes: Biological treatment processes that occur in the
absence of oxygen. Certain bacteria (obligate anaerobes) can survive
only in the absence of dissolved oxygen.

Anaerobic digestion: The stabilization of organic matter in sludge,
carried out under anaerobic conditions. Methane and carbon dioxide are
the principal conversion products.

Bar screen: A screen used to catch and remove large solids (e.g., rags)
from wastewater. Bar screens are an initial treatment process employed
in order to reduce the possibility of pump or other equipment damage.

Batch reactor: A reactor characterized by no inflow or outflow, and
completely mixed conditions.

e
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Biochemical oxygen demand (BOD): The amount of oxygen used in the
metabolism of biodegradable organic compounds.

Biodegradations A biologically induced change in the chemical structure
of a specific compound.

Biological treatment: The use of microbial cultures to remove organic
material from wastewater.

@iomass: Living organisms, usually microbial, that play an active role
in treating wastewater through the biodegradation of organic matter.

Biomass yield: The mass of biomass cells produced per unit mass of
organic matter removed (utilized) by the biomass.

Build;ng sewers: Building connections. Building sewers connect to the
building plumbing and are used to convey wastewater from the buildings
to lateral sewers.

Chemical oxygen demand (COD): The oxygen equivalent of the organic
matter that can be oxidized by a certain test procedure.

Chlorination: The addition of chlorine to wastewater to achieve disin-
fection, odor control, corrosion control, bacterial reduction, and sev-
eral other objectives. The most common use of chlorine addition is for
the disinfection (destruction) of disease-causing organisms prior to
discharge from the treatment plant to a receiving water.

Clarifier: A sedimentation basin. Clarifiers are used to separate
suspended particles from wastewater by gravitational settling.

Collection system:s The network of sewerage piping used to convey waste-
water from discharging sources to a treatment facility.

Combined sewers: Sewers used for the collection of both wastewater and
storm water.

Combined sludge: A mixture of both primary and secondary sludge.
Commercial user: A privately-owned commercial establishment that dis-
charges to a POTW collection system. Commercial users include such
dischargers as restaurants, dry cleaners, gasoline and motor vehicle
services, supermarkets, and office buildings.

Comminuter: A device used to reduce the size of solids in wastewater.
Desorption: The process of detachment from a solid surface.

Digested sludge: Sludge which has been stabilized as a result of
anaerobic digestion.

Digester gas: Gas formed as a result of the degradation of organic
matter during anaerobic digestion. The principal components of di-
gestor gas are methane and carbon dioxide.
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Effluent:s The wgstewater stream which flows out of the treatment plant,
or from a specific treatment stage (e.g., primary effluent).

Equalization basin: A wastewater holding basin used to dampen flowrate
variations.

ngiltration: The process in which wastewater is lost from the collec-
tion system to the ground as a result of defective pipes, pipe joints,
connections, or other means.

Facultative process: Biological-treatment processes in which the orga-
nisms are indifferent to the presence of dissolved oxygen.

Grit: Solids with relatively large specific gravities (e.g., sand,
gravel, cinders, seeds, eggshells, bone chips, coffee grounds, food
wastes, etc.).

Grit chamber: A device used to remove grit from the wastewater stream.
Grit chambers are typically aerated in order to provide a mixing pattern
in which grit particles are removed by centrifugal action and friction
against the chamber wall.

Industrial user: An industrial establishment, usually involved with
product manufacture, that discharges to a POTW collection system. Ex-
amples of industrial users are electroplaters, oil refineries, textile
mills, power plants, and pulp mills.

Infiltration: The process in which water enters a collection system
from the ground due to defective pipes, pipe joints, connections, or
other means.

Influent: The raw wastewater entering a treatment plant, or the treated
wastewater entering a specific treatment stage (e.g., secondary influ-
ent).

Institutional user: A private or public institution which is not class-
ified as commercial, industrial, or residential, that discharges to a
POTW collection system. Examples of institutional users are hospitals,
educational institutions, prisons, and military bases.

Interceptor sewer: Large sewers that are used to intercept a number of
main or trunk sewers and convey the wastewater to treatment or other

disposal facilities.

Lateral sewers: Branch sewers. The first element of a wastewater col-
lection system. Lateral sewers collect wastewater from one or more
building sewers and convey it to a main sewer.

Main sewers: Sewers used to convey wastewater from one or more lateral
sewers to trunk or interceptor sewers.

NEEDS: An EPA data base which consists of information regarding the
treatment characteristics of municipal wastewater treatment and collec-

tion systems.
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Nitrification: The conversion of nitrogen in the form of ammonia to
nitrate.

Outfall:s The effluent wastewater stream that is conveyed from a treat-
ment plant to an ultimate receiving system.

Overland flows The treatment of wastewater by application to sloped
terraces. The wastewater flows across the vegetated surfaces where
physical, chemical, and biological processes improve the quality of the
wastewater.

Pass-through: The process in which a compound is not removed during
treatment (i.e., it passes through the entire treatment plant from the
influent to the effluent stream).

Percolation pond: A holding basin designed to remove wastewater by per-
colation to the underlying soil column.

Pretreatment: The treatment of industrial-wastewater streams prior to
discharge to a municipal sewerage system.

Pretreatment annual report (PAR): A report submitted by POTWs, with de-
sign flows greater than 5 MGD, to the EPA, California Water Resources
Control Board, and the RWQCB. PARs typically consist of information
regarding the enforcement of industrial pretreatment programs, and the
monitoring of pollutants in influent and effluent wastewater streams.

Primary sludge: Solid material removed as a result of sedimentation
(gravitational settling) prior to secondary treatment.

Primary treatment: The removal of a portion of the suspended solids and
organic matter in wastewater as it enters a treatment plant. Primary
treatment is usually accomplished through physical processes (e.g., bar
screens and primary clarifiers).

Priority pollutant: One of approximately 126 pollutants identified to
be regulated by categorical discharge standards established by the EPA.
Priority pollutants were selected on the basis of their known or
suspected carcinogenicity, mutagenicity, or teratogenicity.

Publicly-Owned Treatment Works (POTW): A system which is owned by a
public entity, and which involves wastewater collection systems, treat-

ment systems, or both.

Pure-oxygen activated sludge system: An activated sludge system which
utilizes nearly pure oxygen, rather than air, to sustain aerobic micro-

bial processes.

Purifax process: A patented commercial process in which chlorine gas is
added to wastewater sludge, septage, or digester supernatant to stabi-
lize and condition the material before dewatering and disposal.

Recycles The return of effluent to the influent or some intermediate
point.
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Residential user: A POTW user that discharges household wastewaters
from toilets, drains, etc..

Retention time (hydraulic): The average time that a “parcel™ of waste-
water exists in a treatment process or group of processes. The
hydraulic residence time is taken to be the process volume divided by
the wastewater flowrate into the process.

Rotating.biological contactor (RBC): A series of closely spaced cir-
cular disks which are partially submerged in wastewater and slowly
rotated to promote contact with the air. Biological growths become
attached to the surfaces of the disks, and act to degrade organic matter
present in the wastewater.

Secondary sludge: Solid material removed as a result of sedimentation
(gravitational settling) or other secondary clarification process.
Secondary sludge typically contains a large amount of biomass, in
addition to non-viable solids.

Secondary treatment: Further treatment, of the effluent from primary
treatment, to remove the residual organic matter and suspended material.
Secondary treatment typically consists of the use of biological pro-
cesses.

Separated sewers: Sewers intended solely for the collection of waste-
water.

Shock loading: The upset of a biological treatment process due to a
high dose of a contaminant which is detrimental to biomass in the
system.

Sludge: The solid material removed, collected, and disposed of during
wastewater treatment.

Stabilization: The biological process by which the organic matter in
sludges is stabilized, usually by conversion to gases and cell tissue.

Tertiary treatment: See advanced treatment.

Total suspended solids: The concentration sum of all solid materials
that are suspended, as opposed to dissolved, in a wastewater.

Trickling filter: An aerobic, attached-growth, biological-treatment
process used to remove organic matter or to achieve nitrification. The
trickling filter consists of a bed of highly permeable media in which
microorganisms are attached and through which wastewater is percolated.

Trihalomethane: A compound with the chemical structure of methane with
three of the hydrogen atoms replaced by halogens.

Trunkline: Trunk sewer. A Large sewer that is used to convey waste-
water from main sewers to treatment or disposal facilities, or to larger

intercepting sewers.
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Users A source of wastewater that is discharged to a municipal sewerage
system.

Volatilization: The process whereby liquids and solids vaporize and
escape to the atmosphere.

Wastewater: Used, unwanted water discharged to municipal sewerage
systems by residential, commercial, industrial and institutional users.

Wastewater treatment: An improvement in the quality of wastewater due
to a combination of physical, chemical, and biological processes.
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APPENDIX Bs Regulations for the National Pretreatment Program
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the date of issuance ofthe]un.e'za. 1578
regulations.

Dougias M. Costle,

Adminsstrotor.
January 13, 1981

40 CFR Part 403 is revised o read as
follows: ’

PART 403—GENERAL
PRETREATMENT REGULATIONS FOR
EXISTING AND NEW SOURCES OF
POLLUTION

Sec.

403.1 Purpose and applicability.

4032 Objectve of general pretreatment

ation.

403.3 Definitions.

403.4 State or local law.

403.5 Nationa] pretrestment standards:
prohibited discharges.

4038 National pretrsatment standards:
categorical standards.

403.7 Revision of categorical pretreatment

- - standards to reflect POTW removal of
pollutants.

403.8 POTW pretrestment programs:
davelopment by POTW.

4039 POTW preceatment programs and/ar
suthorization to revise pretreatment
standards: submission for approval

403.10 Development and submission of
NPDES State pretreatment programs.

POTW

403.12 Reporting requirements for POTW's
and industriai users.
403.13 Variances from categorical
trestment standards for
entally different factors.

403.14 Confidentiality. o el e

403.15 Net/Gross calculation
403.18 Upset provision.
Appendix A=FPRM 735-34.
Appendix B—85 Toxic pollutants.
. Appendix C—34 Industrial categories
* Appendix D—Selected industrial
subcategories exempted from regulated
pursuant to paragraph 8 of the NRDC v.
Castle consent decree. .
Aathority: Section S4(c)(2) of the Clean
Water Act of 1977 (Pub. L. 85-217),
1§ 204(b)(1){C). 208(b)(2)(C)(Lif),
301(b)(1){A)(ii). 301(b}2}(A)(if). 301(b)}{2)(C).
301(h)(5), 301(i)(2). 304{e), 304(g). 307, 308, 300,
402(b). 405, and 501(a) of the Federal Water
Pollution Control Act (Pub. L. 92~5001, as
_ amended by the Clean Water Act of 1977.

§ 403.1 Purpose and applicabinty.

(a) This part implements sections
204(b)(1)(C). 208(b)(2){C)(ii). .
301(b}(1)(A)(ii). 301(b)(2){A)(L). 301(h)(S
and 301(i)(2), 304 (e) and [g). 307, 308,
309. 402(b), 405. and 501(4) of the
Federal Water Pollution Control Act as
amended by the Clean Water Act of
1977 (Pub. L. 95-217) or “The Act" It
establishes responsitilities of Federal
State. and local government. industry
ard the public to implement Nationai
Pretreatment Standards to controi

pollutants which pass through or
interiere with treatmnent processes in
Publicly Owned Treatment Works
{POTWs) or which may contaminata
sewage siudge. -

{b) This reguiation appliex (1) to
pollutants from non-domestic sources
covered by Pretreatment Standards
which are indirectly discharged into or
transported by truck or rail or otherwise
introduced into POTWs as defined
below in § 403.3; (2) to POTWs which

_receive wastewater from sources subject

to National Pretreatment Standards: (3)
to States which have or are appiying for
National Pollutant Discharge

Elimination System (NPDES) programs
approved in accordance with section 402
of the Act; and (4} to any new or
existing source subject 1o Pretreatment
Standards. Nationai Pretreament
Standards do not apply to sources which
Discharge to a sewer which is not

- connected to a POTW Treament Plant.

§ 4032 Objectives of general
pretreatment reguistions.

By establishing the responsibilities of
government and industry to implement
National Pretreatment Standards this
regulation fulfills three objectives: (a) to
prevent the introdoction of poilatants

interference with its use or disposal of
municipal sludge; (b) to prevent the
introduction of pollutants into POTWs
which will pass through the treatment
works or otherwise be incompatible
with such works: and {c) to improve

" opportunities to recycle and reclaim

municipal and industrial wastewaters
and sludges.

§ 4033, Definitions.

For the purpose of this regulation:

{a) Except as discussed below, the
general definitions, abbreviations, and
methods of analysis set forth in 40 CFR
Part 401 shall apply to this regulation.

(b) The term “Act” means Federal
Water Pollution Control Act. also
known as the Clean Water Act. as
amended. 33 U.S.C. 1251. et seq.

{c} The term “Approval Authority”
means the Director in an NPDES State
with an approved State pretreatment
program and the sppropriate Regional
Admmistrator in a non-NPDES State or
NPDES S:ate without ar approved State
pretreaicent program.

{d) Tte term "Approved POTW
Prereaument Program” or “Program” or
“POTVW Preceatment Program " means a
program administered by a POT\W that
meets the crena estabiished in this
tegulaticn {5 § 403.3 anc 403.9) and
which has ceen spproved by a Reqonal
Ad=unistzicr or State Disecicrn
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accordance with § 403.11 of this
reguiation

{e] The term “Director” means the
chief administrative officer of a State cr
Interstate water pollution control agency
with an NPDES permit program
approved pursuant to section 402(b) of
the Act and an approved State
pretreatment program.

{f) The term “Eaforcement Division
Director” means oze of the Directors -{
the Enforcement Divisions within the
Regional oifices of the Environmental
Protection Agency or this person’s
delegated representative.

(g} The term “Indirect Discharge™ or
“Discharge™ means the introduction of
pollutants into a POTW from any non-
domestic source regulated under section
307(b). (c) or (d) of the Act.

(b} The term “Industrial User™ or
“User” means a source of Indirect
Discharge.

_ {i) The term “Interference™ means an
fnhibition or disruption of the POTW, its
treatment processes or operations. or its
sindge processes, use or dispasal which
is a cause of or significantly contributes
to either a viclation of any requirement
of the POTW s NPDES permit (including
an increase in the magnitude or duration
of a violation) or to the prevention of

~—into POTWs which will interfere with - —sewage sludge uses or disposal by the
--the operation of a POTW, including

POTW in accordance with the following
statutory provisions and regulations or
permits issued thereunder (or mare
stringent State or Jocal regulations}:
Section 405 of the Clean Water Act. the
Solid Waste Disposal Act (SWDA)
(including title I more commonly
referred to as the Resource
Conservation and Recovery Act (RCRA)
and including State regulations
contained in any State sludge
management plan prepared pursuant to
Subtitie D of the SWDA), the Clean Air
Act., and the Toxic Substances Control
Act An Industrial User significantly
contributes to such & permit violation or
prevention of sludge use or disposal in
sccordance with above-cited authorities
whenever such User:

{1) Discharges a daily pollutant
loading in excess of that allowed by
contract with the POTW or by Federal
State or local law;

{2) Discharges wastewster which
substantially differs in nature or
constituents from the User's average
Discharge: ar

{3} Knows or has reason to know that
its Discharge. alone or in conjunctioa
with Discharges from other sources,
wouid resuit in a POTW permut
violation or prevent sewage siudge use
or cisposal in accordance with the
above-cited authonties as they appiv to
the POTW's selected method of sjucze
management,



9410

Federal Register / '~ 28

No. 18 / Wednesday. Januarv 28. 1981 / Rules end Reguizncns

=
(j) The term “National Pregreatmect
gtandard.” “Pretreatment Stancerd.” or
«stanaard” means any regulatcn
_containing pollutant discharge Limuts
mulgated by the EPA in sccordance
_with section 307 (b] and (c} of the Act.
.which applics to Industrial Users. This
includes prohititive discharge
its established pursuant to § 403.5.
(k) The term “New Source” means any
puilding. structure. fadility. or
-fastallation from which there is or may
be a Discharge. the construcgon of
which commenced:
(1) After prumuigation of Pretreatment
Standards under section 307(c) of the
- Act which are applicable to such source:

or

{2) After proposal of Pretreatment
Standards in accordance with secton
-307(c) of the Act which are applicable to
-such source, but only if the Standards
are promulgated in accordance with
“section 307(c} within 120 days of their

pos '
(1) The terms “NPDES Permit” or
“Permit” means a permit {ssued to &
.POTW pursuant to section 402 of the

‘Act.
> (m} The tarm “NPDES State” means g
State (as defined in 40 CFR § 1223} or
Ipterstate water pollution conool agency
_with an NPDES permit program
approved pursuant to section 402{b) of
.the Act.
" {n) The term “Pass Through™ means
-the Discharge of poliutants through the
'POTW into navigable waters in
-quantities or concentrations which are a
‘cause of or significantly contribute to a
violation of any requirement of the
POTW's NPDES permit (including an
"‘ncrease in the magnitude or duretion of
8 violation). An Industrial User
significantly contributes to such permut
violation where it

(1) Discharges a daily poilutant
loading in excess of that ailowed by
contract with the POTW or by Federal,
State. or local law:

(2) Discharges wastewater which
Substantiaily differs in nature and
Constituents from the User's average

ischarge:

(3) Knows or has reason to know that
s Discharge. alone or 1n conjunct:on
With Discharges from other sources.
Would result in a permit violation: or

(4) Knows or has reason to know that
| e POTW is. for any teasor. vioia'inz
4 finai effluen: limitatons in its permut
ind that such Incustnal User s
'scharge erther alone or in canunczon
Discharges from other sources.
Creases the magritude of duraticn zf
bhe POTW's violaucrs.
T (0] The term "Pusirciv Cwmes
feStment VVerks™ or PO mens-
®aiment worxs as def.nec v eeci T

212 of the Act which {s owned bya
State cr muricipality (as defined by
secton 502(4) of the Act). This definitor
inciudes any devices and systems used
{n the storage. treatment. recycling and
reclamation of municipai sewage or
{ndustnal wastes of a liquid narure. It
als0 inciudes sewers. pipes and otner
cocoveyances only if they convey
wastewater to 8 POTW Treament
Plant. The term also means the
munucipality as defined in section 502(4)
of the Act, which has jurisdiction over
the Indirect Discharges to and the
discharges from suca s treatment works.

(p) The term “POTW Tresatment
Plant” means that portion of the POTW
which is designed to provide treatment
(inciuding recycling end reclamation) of
muncipal sewage and industrial wasta.

{q) The term “Pretreatment” means
the reduction of the amount of
poilutants, the elimination of pollutants,
or the alteration of the nature of
peilutant properties in wastewater priar
to or in lieu of discharging or otherwise
fntroducing such pollutants into &
POTW. The reduction or alteration may
be obtained by physical. chemical or
biological processes. process changes or
by other means, except as prohibited by
§ 403.8(d). Appropriate pretreatment
technology inciudes control equipment,
such as equalization tanks or facilitiés,
for protection against surges or siug
loadings that might interfere with or
otherwise be mcompatible with the
POTW. However, where wastewatsr
from a regulated process is mixed in an
equalization facility with onregulated
wastewater or with- wastewater from
another regulated process. the efluent
from the equalization {acility must meet
an adjusted pretreatment limit
calculated in accordance with § 403.68(e).

(r) The term “Pretreatment
Requirements™ means any substantive
or procedural requirement related to
Pretreatment. other than a National
Pretreatment Standard. imposed on an
Industrial User.

(s) The term “Regional Administrator”
means the appropriate EPA Regional
Admunistrator.

(t) The term “Submission” means: (1)
a request by a POTW for approval of a
Pretreatment Program to the EPA or a
Director; {2) a request by a POTW to the
EPA or a Director for authonty to revise
the discharge limuts in categoncal
Preceatment Standarcs to refiect POTW
poiiutant removais: or {3} a reques: t0
the EPA by an NPDES State for approval
of its State pretreatment program.

§ 403.4 State oriocsi law.

Nothing 1n this regulation is intended
*3 affzct any Pretreaument
T.eauirements, including any standarcs
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or prohibitions. estabiisbed by State or
locai iaw as iong as the Stare or joczi
requIrements are not jess $TIDKED: S22
any set forth in Navonz! Precez et
Stanaarcs. or agyv ciner reguUremens o
probibitons estabiisned unaer the AZ
or this regulation. S:ates wath ec NFLCES
perTul program approvec 1N 8ccorcace
with secton 402 {b) and {z) of the Act cr
States requesung NPDES programs. are
responsipie {or developing a State
pretreatment program in accordance
with § 403.10 of this regulation.

§ 4035 Nstionai pretreatment siancaards:
pronidited discharges.

(a) General/ proAibitions. Pollutants
introduced into POTW's by an non-
domesac source shall not Pass Through
the POTW or Interfere wath the
operaaon or performance of the works.
These generai prohibitions and the
specific prohibitions in paragraph (b) of
this section apply to all non-domestic
sources introducing pollutants into a
POTW whether or not the source 18
subject to other National Pretrestment
Standards or any national, State, or
local Pretreatment Requirements.

(b) Specific profubitions. In addition.
the following pollutants shail not be
{otroduced into a POTW: = _

(1) Pollutants which creat & fire or
explosion hazard in the POTW:

(2! Pollutants which will cause
corrosive structurai damage to the
POTW. but in no case Discharges with
pH lower than 5.0. unless the works is
specifically designed to accommodate
such Discharges:

(3) Solid or viscous pollutants in
amounts which will cause obstruction to
the flow in the POTW resulting in
Interference:

{4} Any pollutant. including oxvgen
demanding pollutants (BOD. etc.)
released in a Discharge at a flow rate
and/or poilutant concentration which
will cause Interference with the POTW.

(5) Heat in amounts which will inhibit
biological gcuvity in the POTW
resuiting in Interference. but in no case
heat in such quantities that the
temperature at the POTW Treatment
Plant exceeds 40°C (104°F) uriess the
Approval Authonity. upon request of the
PCTW. approves aiternate temperature
limuts.

(¢} When Scec: e [oz:es Mus: be
Deve:cvea bv FCTV FOTW s
deveioping FCT 2oment
Programs pursuan: iz £ 403.8 shadl

impiement the prohibiicne usied in

§4035.8 ‘ajsnc .

(2 Alictner FCT M s snzil m cases
wnere fOilllin's canirouiea o Usertst
resiut .m mtamtitinzc - Tiee-Thrzuza.
and such viciznoo IootToracun



Feoderal Register / Vol 48, No. 18 / Wednesday. January 28 18561 / Rules and Regulations

9441

develop and enforce specific effluent
limits for Industrial User(s), and all
other users. as appropriate. which.
together with appropriate changes in the
POTW Treatment Plant’s Fecilities or
operation. are necessary to ensure
renewed and continued compliance with
the POTW's NPDES permit or siudge use

or disposal practices.

(3) Specific effluent limits shall not be
developed and enforced without
individual notice to persons or groups
who have requested such notice and an

to respond.
Qd) Uu? Limits. Where p:lrd.ﬁc
prohibitions or limits on pollutants or
poliutant parameters are developed by a
POTW in accordance with paragraph (c)
above. such limits shall be deemed
Pretreatment Standards for the purposes
. of section ﬂd) of the Act.

{e)' EPA and State Enforcement
Actions. If, within 30 days after notice of
an Interferenice or Pass Through

_ violation bas been sent by EPA or the

NPDES State to th:'hPOTW. and to d

-persons or o have reques

_such notice, the POTW fails to
commencs appropriaie enforcement
action to correct the violation, EPA or
the NPDES State may take appropriate
enforcement action. " - -

(f) Compliance Deadlines. Compliance
with the provisions of this section is

lication in the Federal Registar]

except for paragraph (b)(5) of this
section which must be complied with by
August 25, 1981.

§403.8 National Prefrestmeant Standards:

National Pretreatment Standards
specifying quantities or concentrations
of pollutants or pollutant properties
which may be Discharged to a POTW by
existing or new Industrial Users in
specific industrial subcategories will be
established as separate regulations
under the appropriate subpart of §0 CFR
Chapter L Subchapter N. These
Standards, unless specifically noted
otherwise, shall be in addition to the
general prohibitions established in
§ 4035 of this regulation.

.(a) Category Determination Request
(1) Application Deadline. Within 60
days after the effective date of a
Pretreatment Standard for a subcategory
under which an Industrial User may be
included. or within 60 days after the
Federal Register notice announcing the
availability of the technical
development document for that
subcategory, whichever is later, the
existing industrial User or POTW may
request that the Enforcement Division
Director or Director. as appropriate,
provide written certification on whether*

i on [44 days after — -

the Industrial User falls within that
particular subcategory. A new source
must request this certification prior to
commencing discharge. Where a request
for certification is submitted by a
POTW, the POTW shall notify any
affected Industrial User of such
submission. The Industrial User may
provide written comments on the POTW

“submission to the Enforcement Division

Director or Director, as appropriate,
within 30 days of notification.

(2} Contents of applicotion. Each
nat)ul;:. shall contain a mumr::_h

cribing which subcategories
might be applicable: and

(if) Citing evidence and reasons why a
particular subcategory is applicable and
why others are not applicable. Each

statement sghall contain an oath
stating that the facts contained therein
are true on the basis of the applicant's
personal knowledge or to the best of his
information and belief The oath shall be
that set forth {n § 403.7(b)(2)(ii), except
that the phrase “§ 403.7(d)"” shall bs
replaced with “§ 603.8(a).”

(3) Deficient Requests. The
Enforcement Division Director or
Director will only act on written
requests for determinations that cantain
all of the information Persons
who have made incomplete submissions
will be notified by the Enforcement |
Division Director or Director that their
requests are deficient and. unless the
time period is extended. will be given 30
days to correct the deficiency. If the
deficiency is not corrected within 30
days or within an extended period
allowsd by the Enforcement Division
Directar or the Director, the request for

a determination pe denied.
(4) Final Decizion. -
(i) When the Enforcement Division

Director or Director receives a submittal
he or she will. after determining that it
contains all of the information required
by paragraph (2] of this section, consider
the submission. any additional evidence
that may have been requested. and any
other available information relevant to
the request. The Enforcement Division
Director or Director will then make a
written determination of the applicable
subcategory and state the reasons for
the determination.

{ii) Where the request is submitted to
the Director. the Director shall forward
the determination described in this
paragraph to the Enforcement Division
Director who may make s final
determination. The Enforcement
Division Director may waive receipt of
these determinations. If the Enforcement
Division Director does not modify the
Director's decision within 60 days after
receipt thereof. or if the Enforcement
Division Director waives receipt of the
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g:ﬁmm&on. the Director’s decision is

(lii) Where the request is submitted by
the Industrial User or POTW to the
Enforcement Division Director or where
the Enforcement Division Director elects
to modify the Director's decision. the
Enforcement Division Director’s
decision will be final.

{iv) The Enforcement Division
Director or Director, as appropriate.
shall send a copy of the determination
to the affected Industrial User and the
POTW. Whers the final determination is
made by the Enforcement Division
Director, he or she shall send a copy of
the determination to the Director.

(5) Requests for Hearing and/or Legal
Decision. Within 30 days following the
date of receipt of notice of the final
determination as provided for by
paragraph (a)(4)(iv) of this section., the
Requester may submit a petition to
reconsider or contest the decision to the
Regional Administrator who shall act on
such petition expediticusly and state the
reasons for his or ber determination in

writing. .

(b) Deadline for Compliance With
Categorical Standards. Compliance by
existing sources with categorical
Pretreatment Standards shall be within
3 years of the date the Standard is
effective unless a shorter compliance
time is specified in the appropriate
subpart of 40 CFR Chapter I, Subchapter
N but in any case no later than July 1,
1884. Direct Discharges with NPDES
permits modified or reissued to provide
a variance pursuant to section 301(i)(2)
of the Act shall be required to meet
compliance dates set forth in any
applicable categorical Pretreatment
Standard. Existing sources which
become Industrial Users subsequent to
promulgation of an spplicable
categorical Pretrestment Standard shall
be considered existing Industrial Users
except where such sources meet the
definition of 8 New Source a3 defined in
§ 403.3(k). Compliance with categorical
Pretreatment Standards for New
Sources will be required upon
promulgation.

(c) Concentration and Mass Limits.
Pollutant discharge limits in categorical
Pretrestment Standards will be
sxpressed either as concentration or
mass limits. Wherever possible, where
concentration limits are specified in
standards. equivalent mass limits will
be provided so that local State or
Federal authorities responsible for
enforcement may use either
concentration or mass limits. Limits in
categorical Pretreatment Standards shall
apply to the effluent of the process
regulated by the Standard. or as
otherwise specified by the Standard.
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{d) Dilution Prohibited as Subst:tute
for Treaunent. Except where expressiy
‘suthorized 10 do 80 by an eppiicao.e
categoncal Pretreatment Standaxd. ro
{ndustmael User shall ever tncrease the
gse of process water or, 1o any other
way. attempt to dilute a Discharge as a

ial or complete substitute for
sdequate treatment to achieve
-compliance with a categoncal
_Pretreatment Standard. The Contrel
Authority (as defined in § 403.12{a)) may
tmpose mass limitations on Industriai
.Users which are using dilution to meet
applicable P-etreatment Standarcs or 1o
other cases where the imposition of
mass limitations is appropriate.

{e) Combined Wastestream Formula
Where process effluent is mixed prior to
treatment with wastewaters other than
those generated by the regulated
. s3. fixed alternative discharge
m may be derived by the Control
‘Authonty, as defined in § 403.12{a}). or
by the Industrial User with the wmitten
“concurrence of the Control Authority.
-These alternative limits shall be applied
to the mixed effluent. When deriving
alternative categorical limits, the
*Control Authonty or Industrial User
:shall calculate both an aiternative daily
‘maximam value using the daily _
“maximum value(s) specified in the
~appropriate categorical Pretreatment
-Standard(s) and an aiternative
‘consecutive sampling day average value
wusing the long-term average value(s)
specified in the appropriate categoncal
‘Pretreatment Standard(s). The Industrial
*User shall comply with the alternative
daily maximum and long-term average
-limsts fixed by the Control Authority
until the Control Aathority modifies the
limits or approves an Industnal User
modification request. Modification is
authorized whenever there is 2 material
or significant change in the vaiues used
in the calculation to fix alternative limuts
for the reguiated pollutant An Industrial
User must immediately report any such
Material or significant change to the
Coatrol Authority. Where appropniate
Uew alternative categoncal limits shall

calculated within 30 days.

(1) Alternative Limit coicuiation. For
_Purposes-of these formuias. the “average

aily flow™ means a reasonable measure
of the average daily flow for a 30-day
Penod. For new sources. flows shall be
®ttimated using proected vaiues. The
*llemauve jimut for a spe<:fied poilutant
Wil be denved by the use of either of

¢ lollowing formulas:

() A'ternative Concentrotion Limit:

N
DAY
={ = 1T D
R N
%\Pi/ T

where

Cy=tbe alternative concentration limit for
the combined wastestream.

C = the categoncal Preteatrment Standard
concentration limit for & pollutant in the
regulated stream L

F,=the average dady flow (at least g 30-
day average) of stream 1 (o the extent
that 1t is regulated for such poilutant.

Fp=tha average dauly flow (at least g 30-
day sverage) from boiler biowdown
streams. non-contact coaling streams.
sanitary wastestreams (where such
streams are not regulated by s
categorical Precrestment Standard) and
from any process wastasreams which
were or could bave been eatreiy
exemptad from categoncal Pretreatment
Standards pursuant to parsgraph 8 of the
NRDC v. Castle Consent Decree (12 ERC
1533] for one or more of the following
reasons {see Appendix D):

(1) the pollutants of concern are oot
detectable in the effluent from the
Industnal User (paragraph (8)(a)(iii)}

(2] the pollutants of concem are present
only in trace amounts and are seither
causing nor likely to causs taxic effects
{paragraph (8){a](iii]}

(3) the pollutants of concern are present in
amounts too small to be effectively
reduced by technologies known to the
Admimstrator (parsgraph (8)(a)(iii)); or

{4) the wastesTeam contains only
pollutants which are compatible with the
POTW (paragreph (8)(b)(i)).

Py the sverage daily low (at least s 30-
day aversge) through the combined
treatment facility (includes F, Fp and
unregulated sgeams).

N = the total pumber of regulated streams

(ii) AJternative Mass Limit:

N
ZH

1=1

il fr = fp

nr i N
> F

i=1

where
Me. = the aiternative mass limit for @
pollutantin the combined wastestream.
M, = the categoncal Pretreatment Standard
mass limit {or a pollutant in the regu.ated
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strearr i [the categorca) prewreaiment
mass umit muiupued by the approprale
messure of preguction).

F,= e average "ow (at least a 30-dav
sverage) of s- am 1 to the exient that it
is reguiated for such poilutant

Fo=the average {low {at ieas: a 55-Cav
average; from boiier biowdown stresms.
LOR-CON(act COOiNg sTeams. sanlary
wastestreams (where such sueams are
oot reguwated by a categoncal
Pretreatment Standard) and {rom any
process wastestreams which were or
couid bave been enurely exempted {rom
categzoncai Pretreaunent Stanaarcs
pursuast te paragrapn 8 of the NRDC .
Costie Consent Decree (12 ERC 1833) fcr

swone or more of the following reasons (see
Appencux D):

(1) the pouutants of concern are aot
detectabie in the effluent from the
Incustnal User (paragrapo (8)(a)(iiil):

(2) the podutants of concern are present
only in trace amounts and are peitber
causing sor likely to cause toxic effects
(paragraph (8){a}{iii)}:

(3) the pollutants of concern are present in
amousnts 100 smail to be effecuvely
reduced by technologies known to the
Adminstrator (paragrapb (8)(a)(lii}): or

{¢] the wastestream contains only

-— poilutants which are compatibie with the

.POTW (paragraph (8)(b](i}}-

Fy=the average flow (at least & 30-day
average) through the cormbined treatmnent
facility (includes F, Fp and unregulated
streams)

Nw=the total pumber of regulated streams.

(2) Alternate Limits Below Detection
Limit An siternative pretreatment limit
may not be used if the alternative limut
is below the analytical detection limut
for any of the regulated pollutants.

(3} Seif-monitoring. Seif-monitoring
requ.red to insure comoilance with the
alternative categonical lirut shail be as
follows:

(i) The type and frequency of
sampling. analysis and flow
measurement shall be determined by
reference to the seif-monitorning
requirements of the approonate
categoncal Pretreatment Stancarc(s);

(ii) Where the seif-mcnitcming
schedules for the apprezrate Standasds
differ. mon:toring snawu ze ccne

accorc:ng to the most ~zcuent schecu.e:
(ii1) “Where ow ce:= s re
frequency of seif-mzniicrimz g

categoncdl Frefreatmen: Siancard. the
sum of all recuiated Sows . Fiisthe ficw
which snah be usec to getermine se:f-
monitonng {recuency.
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§ 4017 Rension of categorical
pretreatment stancaras o refiect POTW
removal of polivtants.

This section provides the criteria and
procedures to be used by a POTW in
revising the poilutant discharge limits
specified in categorical Pretreatment
Standards to reflect Removal of
pollutants by the POTW.

(=) Definitions. For the purpose of this
section: {1) “Removai” shall mean a
reduction in the amount of a pollutant in
the POTW's effluent or alteration of the
usture of a pollutant during treatment at
the POTW. The reduction or alteration
can be obtained by physical chemical
or biological means and may be the

- result of specifically designed POTW
capabilities or it may be incidental to
the operation of the treatment system.
Removal as used in this subpart shall
not mean dilution of a pollutant in the
POTW. The demonstration of Removal
shall consist of data which reflect the
Removal achieved by the POTW for
thoge specific pollutants of concern
inciuded on the list developed pursuant
to section 307(a) of the Act. Each
categorical Pretreatment Standard will
specify whether or not a Removal

. Allowance may be granted for indicator

or surrogate pollutants regulated in that

Standard. --

{2) “Consistent Removal” shall mean
the average of the lowest 50 percent of
the removals measured according to
paragraph (d)(2) of this section. All
sample data obtained for the measured
pollutant during the time period ]
prescribed in paragraph (d)(2) of this
section must be reported and used in
computing Consistent Removal If a
substance is measurable in the influent
but not in the effluent, the effluent level
may be essumed to be the limit of
measurement, and those data may be
used by the POTW at its discretion and
subject to approval by the Approval
Authority. If the substance is not
measurable in the influent., the data may
not be used. Where the number of
samples with concentrations equal to or
above the limit of measurement is
between 8 and 12. the average of the
lowest 8 removals shall be used. If there
are leas than 8 samples with
concentrations equal to or above the
limit of measurement, the Approvai
Authority may approve alternate means
for demonstrating Consistent Removal.
The term “xeasurement. refers to the
_ability of the znaiyticai method or
protocol to quanufy as weil as identify
the presence of the substance in
qQuestion.

(3) “Overflow " =esans the intentional
or unintentiens: c:vermon of flow from
the POTYY bLz:oce o2 POTW Treatment
Plant

{b) Revision of Categorical independent engineer containing the
Pretreatment Standards to Reflect following statement “] have personally
POTW Pollutant Removal. Any POTW examined and am familiar with the
receiving wastes from an Industrial User information submitted in the attached

to which a categorical Pretreatment document. and I hereby certify under
Standard applies may, subject to the penalty of law that this information was
conditions of this section, revise the obtained in accordance with the
discharge limits for a specific requirements of § 403.7(d). Moreover,
pollutant(s) covered in the categorical based upon my inquiry of those
Pretreatment Standard appiicable to individuals immediately responsible for
that User. Revisions will only be made obtaining the information reported
where the POTW demonstrates herein, ] believe that the submitted _
Consistent Removal of each pollutant information is true. accurate and

for which the discharge limit in a compiete, | am aware that there are

categorical Pretreatment Standard isto significant penalties for submitting false
be revised at a level which justifies the  information, including the possibility of

amount of revision to the discharge fine and imprisonment.”;

limit. In addition. revision of péllutant (iif) The POTW must submit to the
discharge limits in categorical Approval Authority an application for
Pretreatment Standards by a POTW pretreatment program approval meeting
may only be made provided that: the requirements of §§ 403.8 and 403.9(a

(1) Application. The POTW applies or (b) in a timely manner, not to exceed
for. and receives, suthorization from the . time limitation set forth in a

- Regional Administrator and/or Director _ compliance schedule for development o

to revise the discharge limits in .
Pretreatment Standards, for specific a Pfem:l?i:%lgroym}é included in the
i with the (iv) If a POTW grants conditional or

fiemeis s yocedurss s otln, - provsionl eviot) und e Agoros
(2) POTW Pretrea P uthority subsequently makes a

! determination. after notice and an

The POTW has a Pretreatment Program o . -
i . '3 pportunity for a hearing, that the
approved in a ance with §§ 403.8. POTW failed to comply with the

mm'g'ﬂm, n:{a;o:oinlai%mu n Idn;d' hqv:e&e: -a conditions in paragraphs (b)(2)(ii) or (iii
discharge limits for .ﬁ':p" oulluuntl. of this section. or that its sludge use or
even though a Pretreatment Program has disposal practices are not in'complianc
not been approved. in accordance with with the provisions of paragraph (b)(4)

. oo of this section. the revision shall be
the following terms and conditions. terminated by the Approval Authority

These provision also govern the h
issuance of provisional authorizations and ‘l‘lilgi‘:“c;md Users to whom the
under § 403.7(d)(2)(vii): revise arge limits had been

(i) All Industrial Users who wish to ~ Pplied shall achieve compliance with
receive a conditional or provisional the applicable categorical Pretreatment
revision of categorical Pretreatment Standard(s) within a reasonable time

Standards must submit to the POTW the (DOt to exceed the period of time
information required in § 403.12(b)(1)~{7) prescribed in the applicable categorical

ertaining to the categorical Pretreatment Stancard(s)) as specified
lgretreaunent Standaexs.l as modified by by the Approval Authority. However,
the conditional or provisional removal the revision(s) shall not be terminated

allowance, except that the compliance where the POTW has not made a timel:
schedule required by § 403.12(b)(7) is application for program approval if the

not required where a provisional POTW bas made demonstrable progres
allowance is requested. The submission  towards and has demonstrated and
shall indicate what additional continues to demonstrate an intention t
technology, if any, will be needed to submit an approvable pretreatment
comply with the categorical program as expeditiously as possible
Pretreatment Standards as revised by within an additional period of time, not
the POTW: to exceed one year, established by the
(ii) The POTW must compile and Approval Authonty:
submit data demonstrating removal in {v) If a POTW grants conditional or
accordance with the requirements of provisional revision(s) and the POTW «
paragraphs (d)(1){7) of this section. The  Approval Authcnty subsequently maks
POTW shall submit to the Approval a final determination. afier notice and
Authority a removal report which an opportunity for a hearing, that the
comports with the signatory and Industrial User{s) failed to comply witt
certification requirements of § 403.12(l)  conditions in parac~aph (b){2)(i) of this
and (m). This report shall contain a section. inciuding := the case of a
certification by any of the persons zsncitional revision. the dates speafier
specified in § 403.12(1) or by an < e compliance schecuie reguires by
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'mmm&u revision shall be wiable plan \o insure that incustrial by July 1. 1983, the POTW must have
by the POTW or the Users will learn of an impending completed the analysis required by PRM
W Aszthonty for the noo- OverSow 0 safficient t=re \5 contain. 75~34 and be making an eflort to
+ gplying lodustrial Users and all pon-  cppse or recoee Disckargrg to prevest impiement the pian

fmmpm Indastrial Users to whom the
:"-,.d discharge limits bad been
}‘ypli‘d shall achieve complance with
s spplicable categarical Pretreamnent
‘sw,dudm within the time penod
vy in soch Standard(s). The
Spevision(s) shail not be termunated .
* where & violanon of the provisions of
" is subparagraph results from causes
atirely oatside of tha control of the
jpdustnal User or the industnal User
_jas demanstrated subswuantial
_ompliance: and _
&-(vi) The POTW shall submit to the
“Approval Authority by December 31 of
"each year the name and address of each
“jpdustrial User that bas received a
“esoditionally or provisionally revised
rdischarge limit If the revised discharge
‘Egit is revoked, tbe POTW must submit
* fha information in paragraph (b)2Ki)
i:boﬂ to the Approval Asthority:
22 (8) Campensation for overflow.
'POTW's which at least once annually
. untreated wastewater to
‘mceiving waters may claim Coasistent
Removal of & pollutant oaly by

lying with either paragraphs

fB)3)(i} o (i} below. However, this —:

shall not apply where ~
iindustrial User(s) tan demonstrate that
ow dces not occur between the
trial User(s) and the POTW
stment Plant:
{0 The Industrial User provides
Sontzinment or otherwise ceases or
s Discharges from the regulated
igcuus which contain the pollutant
;o which an allowance is requested
iduring al] circumtistances in which an
Overflow event can reasonably be
pected to occur ot the POTW or st s
Sewer toed.'hjd’d:m Industrial User is b
' Discharges must cease or be
Nduced, or pretreatment must be
-Bcreaged, 10 the extent necessary to
Pensate for the removal not being
:‘”'lded by the POTW. Allowances
'hd" this provision will only be granted
Ap“! the POTW submits to the
Proval Authority evidence that
Jé,?{vﬁulnduluiﬂ Users to which the
ke proposes to spply this provision
o demonstruted the sbility to contain
Stherwise cease or reduce. dunng
ey tances in which an Overflow
%; Can reasonably be expected to
Mbncharges from the reguiated
Whiy 13 Waich cootaun poilutants for
mch in allowance is requestec:
u"‘fl}mm POTW bas idennfied
tven Slances in which an Overflow
‘;%; Can re2sonahly be expecied to
*and has a nouficatcn ar otzer

uotested Overfows rom occurnng.
The POTW must aiso ceonstrate that
it will monitor and verify the data
requred in paragraph (O} 3Ni)C) herein
to insure that Inausmai Users are
containing, ceasing or redocmg
operations during POTW System
Overflow: and

(C) All Industrial Users to which the
POTW proposes to apply this provision
have demonstrated the ability and
commitment to collect and maxe
availsble opon request by the POTW,
State Director or EPA Regional
Admunistrator daily flow reports or
other data sufficient to demonstrate that
all Discharges from regulated processes
containing the pollutant {or which, the
allowance is requested were contained,
reduced or otherwise ceased. as
sppropriate, doring all circumstances in
which an Overflow event was
reasouably expected to occur: or

(ti}{A) The Consistent Removal
claimed [s reduced pursuant to the
following equstion:

rC. rll

parsgraphs (aX1) and (dX2) of thus
secton

t.nt-.rmcvd correctad by the Overfiow

ctor

Z = bours per year that Overflow occurred
between the Industrial User(s) and the
POTW Treatment Plant. the hours either
%0 be shown 10 the POTW's currest
NPDES permit spplication or the bours,
as demonstrated by venfiable
tachaiques, that a particular industnal
User's Discharge Overflows between the
Industrial User and the POTW Trestment
Plant and

(BY1) After july 1. 1883. Consistent
Removal may be claimed only where
efforts to correct the conditions resuiting
in untreated Discharges by the POTW
are underway in accordance with the
policy and procedures set forth in “PRM
75-34" or “Program Guidance
Memorandum-61" (same Gocument)
publisbed on December 18. 1675 by EPA
Office of Water Program Operaaocts
(WH-548). (See Appeadix A.) Revisions
to discharge limsts 1n categoncal
Pretreatment Standards may not be
made wiere effors have £at beea
committed to by the POTW ty cuneze
poiiution from Overflows. At mun.um.
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(2} 1. by July 1. 1923, 8 POTW has
begun the PRM 75-34 analysis but due to
circumswances beyond its control bas
not completed it Consistent Removal
subject to the approval of the Approval
Authonty, may coatinue to be claimed
according to the formula in paragraph
(b)(3)(ii)}{A) above s0 long as the POTW
acts in a timely fasiion to complete the
analysis and maxes an efiort to
impiement the non-structrural cost-
effecove measures identified by the
analysis: and so long as the POTW has
expressed its willingness to appiy, after
compieting the anaiysis. for a
consucton grant necessary {o
fmpiement any other cost-effective
Overflow controls identified in the
analys:s shouid federal funds become
available, so applies for such funds. and
proceeds with the required construction
in an expediticus manner. In addition.
Consistent Removal may. subject to the
approval of the Approval Authority,
continue to be claimed according to the
formula in paragraph (b)(3)(ii)(A) above
where the POTW has compileted and the
Approval Authority has accepted the
anslysis required by PRM 75-34 and the
POTW has requested inclusion in its
NPDES permit of an acceptable
compliance schedale providing for
timely implementation of cost-efective
measures identified in the analysis. (In
considering what is timely
implementation. the Approval Authority
shall coosider the availability of funds.,
cost of control measares. and
seriousness of the water quality
problem.); and

(4) Compliance with eppiicable sluage
requirements. Such revision will not
contribute to the POTW s inability to
comply with its NPDES permut or with
the following statutory provisions and
regulations or permits i1ssued thereunder
(or more stringent State or locai '
regulations) as they appiy to the sludge
management methods bewng used:
section 405 of the Clean Water Act the
Solid Waste Disposai Act (SWDA)
{including Tide IL more commonuy
referred to a3 the Resource
Conservaucet Reccvery Ac: (RCRA) ana
including State requ.aucns cortainec n
any State siucge =anagement ;.an
prepared pursuant tc Subt:tie D of
SWDA)). the Clean Aur Act anc the
Toxic Sutstances Conwrai Act. The
POT\WY wili be suttonzed 10 revise
discnarce Louts e for these oeilutanes
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jts NPDES permut or any of the above
statutes.

(c) POTW application for
outhorizotion to revise discharge limits.
(1) Application for authorization to
revise dischasge limits for Industrial
Usaers who are ar in the future may be
subject to categorical Pretreatment

Standards, or approval of discharge
limits conditionally or provisionaily
revised for Industriai Users by the
POTW pursuant to paragraphs (b)(2)
and (d)(2)(vii) shall be submitted by the
POTW to the Approval Aathority.

(2) Each POTW may submit such an
applicetion no mors than cace per year
with respect to sither:

- (i) any categorical Pretreatment
Stendard promulgated in the prior 18
months:

{ii) any new or modified facilities or
production changes resulting in the
Discharge of poliutants which were no:
previously and which are
-~ subject to promuigated categorical
Standards: or

" {lii) any significant incresse in

Removal efficiency attributable to

specific identifiable circumstances or

corrective measures {such as
improvements in operation and
maeintenance practices, new treatment
or treatment capacity, or a significant
"change in the influent to the POTW
K.

however, elect not to review such
lpplie’;:ion(s] upon receipt, in which

provisionally revised discharge limits
willmlmnin effect until reviewed by
the Approval Authority. This review
m'i occur at any time in accordancs
the procedures of § 403.11, but in
no event later than the time of any
pretreatment program approval or any
NPDES permit reissuance thereafter.

(4) If the Consistent Removal claimed
..1s based on an analytical technique
other than the technique specified for
the applicable categorical Pretreatment
Standard, the Approval Authority may
require the POTW perform additional
analyses.

{d) Contents of application to revise
discharge limits. Requests for
authorization to revise discharge limits
in categorical Pretreatment Standards
must be supported by the following
{nformation:

(1) List of Pollutants. A list of
pollutants for which disctarge limit
revisiohs are proposed.

(2) Consistent Removal Data. Influent
and effluent operational data
demonstrating Consistent Removal or
other information. as orovided for in
paragraph (a)(2) of th:s ceczon. which
demonstrates Consisten: Removai of the

pollutants for which discharge limit
revisions are proposed. This data shall
meet the following reqmremenu

Henreseniolive Y.ieLkTe}els

m_l‘x oh-1en4-He7 S5

8rly and seagonal condit D which

POTW is m'_rnmm
lmmﬂ*mwmm
1' +Ja-? g q Quality ang

Quantity. lhe ,ﬂmw be
eptesentative of the quglity
quantity of normal efliyent and jnflyegt
fiow il data can be obtained. I
sych da btainablie ait
ata or information may be pres

{8}(2) of this section. )
g4 "',A" Frocequres: T pOSLE

Hluen ng eitiuent operguan

(A) The in
.nm.ﬂmm. ..,. hroueh 24-hon

flow-proport

Au orlty etenninu tlnt this u:hednlc
will not be most representative of the
actual operation of the POTW
Treatment Plant, an alternative
sampling schedule will be approved.

(2} In addition, upon the Approval
Authority’s concurrence, a POTW may
utilize an historical data base amassed
prior to the effective date of this section
provided that such data otherwiss meet
the requirements of this paragraph. In
order for the historical data base to be
approved it must present a statistically
valid description of daily, weekly and
seasonal sewage treatment plant
loadings and performance for at least
cne year.

—

be taken approximately one detentio
%e !aEr gan Ee comanng
uent sample when farure to do 80

Would result o B3 warepreSeATa e D 3 Unrepreselatve

of actu eration

!TﬂT g

y
be b aned upon the uvmge of the dmly
flows during the same month of the
previous year. Grab sampies will be
required, for example, where the
parameters being evaluated are those,
such as cyanide and phenol. which may
not be held for any extended period
because of biological, chemical or
physical interactions which take place
after sample collecﬁon and affect the

results. A grab s an
sam) i
not ex i

(v) Andytical methods. The sampling
referred to in paragraphs (d)(2)(i)-{iv)
and (d)(S) of this section and an analysi:
of these samples shall be performed in
accordance with the techniques
prescribed in 40 CFR Part 136 and
amendments thereto. Where 40 CFR Par
138 does not contain sampling or
analytical techniques for the pollutant It
question. or where the Administrator
determines that the Part 138 sampling
and analytical techniques are
inappropriate for the pollutant in
question. sampling and analysis shall be
performed using validated analytical
methods or any other applicable
sampling and analytical procedures,
including procedures suggested by the
POTW or other parties, approved by the
Administrator.

{vi) Calculation of removal. All data
acquired under the provisions of this
section must be submitted to the
Approval Author:ty. Removal for a
spec:iic pollutant saall be determined
either, {or eack sampie, by measuring
the difference between the
concentrations of the pollutant in the
influent and effluent of the POTW and
expressing the difference as a percent ¢
the influent concentation. or. where
suct datz cannict Se obtained. Remove!
may be demonsirated using other dats



Federal Register [ Vol. 48. No. 18 / Wedresday, Jannary 22 1961 / Ruies and Regulations

pioad

of ures subject to concurrence by
the Apprevel Authority vs provided for
-ip peregraph (a)(2) of this secdon.
(vii) Exception to sampling dota
pirement provisional removul
demonstration. For pollutants which are
' got currently being discharged (new or
modified facilities, or production
changes) application may be made by
POTW for provisional authorization
~{o revise the applicable categorical
Pretreatment Standard prior to initial
discharge of the poilutant. Consistent
Removel may be based provisionally ca
data from treatebility studies or
demonstrated removal at other
. reatment facilities where the quality
- and quantity of influent are similar. In
calculating and applying for provisional
‘ emoval allowances, the POTW must
~comply with the provisions of
sparagraphs (b)(1}{4) of this section.
: Within 18 months after the
“commencement of Discharge cf the
tpoliutants in question. Consistent
*Removal must be demonstrated
;fpmnnnt to the requirements of
*paragraphs (a}{2] and (d}(2)({}{vi) of
s&h section.
%¥(3) List of industrial subcategaries. A
. list of the industrial subcategories for
~which discharge limits in categorical
gPretreatment Standards will be revised,
iincluding the number of Industrial Users
iin each such subcategory and an
:lentification of which of the pollutants
von the list prepared under paragraph
d)(1) of this section are Discharged by
seack subcategory. :
f (8) Calculation of ravised discharge
vlim/ts. Proposed revised discharge limits
for each of the subcategories of
: Industrial Users identified in paragraph
{d)(3) of this section calculated in the
lollowing manner: -
.. {i) The proposed revised discharge
it for a specified pollutant shall be
derived by use of the following formula:

Y X
.'I-:

. 'ht
X=pollutant discharge limut specified in the
&pplicable categoncai Pretreatment
Stancard
t=POTW s Consistent Removai rate for
that pollutant as estabiished uader
Paragraphs (a){2). {d)(2} and. if
Sppropnate. (b}(INii){A) of thus section.
(Dercenlage expressed as a deamal)

Yurenised discharged limut for the

cpedﬁdpnﬂnum(ewe_u-dhmo

wmts &8 xj

(ii) In ralcolating revised discharge
limits, such revision for POTW Removal
of a specified pollutent shall be applied
equally to all existing and new
Industrial Users in an industrial
subcategory subject to categorical
Pretreatment Standards weich -
Discharge that pollutant to the POTW,

(5) n gludge syics.
Data showing concentrations and
amounts in the POTW's sludge of the
pollutants for which discharge limit
revisions are proposed and for which
EPA, the State or locality have
published sludge disposal or uss citeria
applicable to the POTW's carrent
method of sludge use or disposal These
data shall meet the following
reguirements.

(i} The data % be obtained throuch
cg 1

a te taken during the
: ¢ | Qunne
mmn

a W

— YT -
iu shail be
i i ysis of the

samples referred to in paragreph (d){5){i)
of this section shall be performed in
accordance with the sampling and
previously in paragraph (d}(2)(v) of this
section.

(8) Description of s/udge management.
A specific description of the POTW's
current methods of use or disposal of its
sludge and data demonstrating that the
current sludge use or disposai methods

- comply and will continue to comply with

the requirements of paragraph (bj{4) of
this section.
- (7) Certification statement The
certification statement required by
paragraph (b)(2)(ii) of this section
stating that the pollutant Removals and
associated revised discharged limuts
have been or will be calculated in
sccordence with this regulation and any
guidelines issued by EPA under Secuon
304(g) of the Act

(e) Procedure for aothorizing mocifi-
cation of standards. (1) Applicaaon for
authorization to revise Nationai
Pretreatment Standards shail comply
with § 403.9(d) and paragraphbs (¢} and
(d) of this section. Notice. public .
comment, and review by the Approvai
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Authority shall compiy with § 40311

{2) POTW's which nave receivea &
construction grapt from funds
enthorized for apy fiscai vear begionimg
afier September 30, 1973. wili onry oe
considered for suthonzanon 5 OCY
Natonal Standards after they aave
completed tne anaivns requured by
secuon 201({g)(5} af the Az and
demonstrateq that modification of the
discharge limuts in National Standarcs
will not preciude the ase of innovative
or alternative technoiogy. In addition.
where sludge disposal or treatme=t
technoiogy 1s or will be acguired or
consgucled with construction grant
funds, POTWs shouid refer to
§ 35.9171d)(6) and Appendix A of Part 35
of Title 40 of the Code of Federal
Regulations to determine the funding
eligibility of sludge disposal or
treatment facilittes.

(3) The Approvai Authority shall, at
such time as it elects to review the
Submission under paragraph (c} of this
section. or at the time of POTW
pretreatment program approval or
NPDES permit reissuance thereafter,
authorize the POTW to revise Industrial
User discharge limits. as submitted
pursuant to paragraph (d}(4) of this
section, which comply with the
provisions of this section.

{4) Nothing in these regulations
precludes an Industrial User or other
{nterested party from assisting the
POTW in preparing and presenting the
information necessary to aspply for
authorization to revise categorical
Pretreatinent Standards.

(f) Continuation and withdrawa! of
authorization. (1) Monitoring and
reporting of consistent removal.
Following suthorization to revise the
discharge limits in Pretreatment
Standards, the POTW shail continue to
monitor and report on (at such
frequencies and over such intervals as
may be specified by the Regional
Administrator, but in no case less than
two times per year) the POTW's
Removal capabilities for ail pollutants
for which authority to revise the
Standards was granted. Such monitoring
and reporting shail be in accordance
with § 403.12 (i) and (j) pertaining to
pollutant removal capaniiity reports.

(2) Re-evaiuation of revisions.
Approval of authority to revise
Prewreatment Stancards wiil be re-
exsm:ned whenever the POTWs NFDES
Permit is reissued. unless the Regional
Administrator determines the need to
re-evajuate the authonty pursuant to
paragraph {f)(S] of this sectian. [n order
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to maintain a removal allowance, the
POTW rmust comply with all federal,.
State and local Statutes. regulations and
permits applicable to the POTWs
selected method of sludge use or
disposal. In addition. where Overflows
of untreated waste by the POTW
continue to occur the Regional
Administrator may condition continued
authorization to revise discharge limits
upon the POTW performing additional
analysis and/or implementing
additional control measures as is
consistent with EPA policy on POTW
Overflows.

{3) Inclusion in POTW permit. Ounce
authority to revise discharge limits for a
specified pollutant is granted, the
revised discharge limits for Industrial
Users of the system as well as the
Consistent Removal documented by the
POTW for that pollutant and the other
requirements of paragraph (b) of this
section, shall be included in the POTW's

. NPDES Permit upon the earliest
reissuance or modification {(ator
following Program approval) and shall
become enforceable requirements of the
POTW's NPDES Permit.

{4} EPA review of state removal
allowance approvals. Where the NPDES
State has an approved pretreatment
program, the Regional Administrator
may agree, in the Memorandum of
Agreement under 40 CFR 123.7. to waive
the right to review and object to
Submissions for authority to revise
discharge limits under this section. Such
an agreement shail not restrict the
Regional Administrator’s right to
comment upon or object to permits
issued to POTW's except to the extent
perniitted under 40 CFR 123.7{b){3)(1}(D).

{5} Modification or withdrawal of
revised limits.—{i) Notice to POTW.
The Approval Authority shall notify the
POTW if. on the basis of pollutant
removal capability reports received
pursuant to paragraph (f)(1) of this
section or other information available to
it. the Approval Authority determines:
- (A) that one or more of the discharge
limit revisions made by the POTW, or
the POTW itself, no longer meets the
requirements of this section, or

(B) that such discharge limit revisions
are causing or signrficantly contributing
to a violation of any conditions or limits
contained in the POTW's NPDES Permit.
A revised discharge limit is significantly
contributing to a violatjon of the
POTW's permit if it satisfies the
definition set forth in § 40.33 (i) or (n).

(ii) Corrective action. If sppropriate
corrective acuon is not taken within a
reasonable time. not to exceed 60 days
unless the POTW or the affected °
Industrial Users demonstrate that a
longer tme venod is reasonably

necessary to undertake the appropriate
corrective action, the Approvai
Authority shall either withdraw such
discharge limits or require modifications
in the revised e limits,

*(iii) Public notice of withdrawal or
modification. The Approval Authority
shall not withdraw or modify revised
discharge limits unless it shall first bave
notified the POTW and ail Industrial
Users to whom revised discharge limits
bave been applied, and made public, in
writing, the reasons for such withdrawal
or modification. and an opportunity is
provided for a hearing. Following such
notice and withdrawal or modification.
all Industrial Users to whom revised
discharge limits had been epplied. shall
be subject to the modified discharge
limits or the discharge limits prescribed
in the applicable categorical
Pretreatment Standards. as appropriate,
and shall achieve compliance with such
limits within a reasonable time (not to
exceed the period of time prescribed in
the applicable categorical Pretreatment
Standard(s) as may be specified by the
Approval Anthority.

(g) Removal allowances in State-run
pretreatment progroms under
-§ 403.10(e). Where an NPDES State with

.an spproved pretreatment program

elects to implement a Jocal pretreatment
program in lieu of requiring the POTW
to develop such a program (see -~
§ 403.10(e)) the POTW shall
nevertheless be responsible for
demonstrating Consistent Removal as
provided for in this section. The POTW
will not, however, be fequired to
develop a pretreatment program as a
precondition to obtaining approval of
the allowance as required by paragraph
(b)(2) of this section. Instead, before &
removal allowance is approved, the
State will be required to demonstrate
that sufficient technical personne] and
resources are available to ensure that
modified discharge limits are correctly
applied to affected Users and that
Consistent Removal is maintained.

§ 4038 POTW pretreatment programs:
deveiopment by POTW. |

{(a) POTW's required to develop a
pretreatment program. Any POTW {of
combination of POTW's operated by the
same suthority) with a total design flow
greater than 5 million gallons per day
{mgd) and receiving from Industrial
Users pollutants which Pass Through or
Interfere with the operation of the
POTW or are otherwise subject to
Pretreatment Standards will be required
to establish a POTW Pretreatment
Program unless the NPDES State
exercises its option to assume local
responsibilities as provided for in
§ 403.10(ej. The Regional Administrator
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or Director may require that a8 POTW
with a design fiow of 5 mgd or less
develop a POTW Pretreatment Program
if he or she finds that the nature or
volume of the industrial influent,
treatment process upsets, violations of
POTW effluent limitations,
contaminsation of municipal sludge, or
other circumstances warrant in order to
prevent Interference with the POTW or
Pass Through. In addition. any POTW
desiring to modify categorical
Pretrestment Standards for pollutants
Removed by the POTW (as provided for
by § 403.7) must have an approved
POTW Pretreatment Program prior to
obtaining final approval of a removal
allowance. POTW's may receive
conditional approval of a removal
allowance, as provided for by

§ 403.7(b)(2), prior to obtaining POTW
Pretreatment Program Approval A
POTW may receive § 403.7(g) authority
to revise Pretreatment Standards -
without being reqiired to develop a
POTW Pretreatment Program where the
NPDES State has assumed responsibility
for running a local program in lieu of the
POTW in accordance with § 403.10(e).

(b) Deadline for Program Approval. A
POTW which meets the criteria of
paragraph (a) of this section must
receive approval of a POTW
Pretreatment Program no later than 3
years after the reissuance or
modification of its existing NPDES-
permit but in no case later than July 1,
1983. POTW's whose NPDES permits are
modified under section 301(h) of the Act,
shall have a Pretreatment Program
within less than 3 years as provided for
in 40 CFR Part 125. Subpart G (44 FR
34783 (1979). The POTW Pretreatment
Program shall meet the criteria set forth
‘in paragraph (f) of this section and will
be administered by the POTW to ensure
compliance by Industrial Users with °
applicable Pretreatment Standards and
Requirements.

(c) Incorporation of approved
programs in permits. A POTW may
develop an approvable POTW
Pretreatment Program any time before
the time limit set forth in paragraph (b)
of this section. If (1) the POTW is
located in a State which has an
approved State permut program under
section 402 of the Act and an approved
State pretreatment program in
accordance with § 403.10; or (2) the
POTW is located in a State which does
not bave an appreved permit program
under section 402 of the Act; the
POTW's NPDES Per=xit will be reissued
or modified by the NPDEs State or EPA.
respectively, to incorporate the
approved Program conditions as
enforceabie conc:tizns of the Permut. If
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the POTW is located in an NPDES State

which does oot have en approved State

' pretrestment program. the spproved
Pretreatment Program shail be

{jacorporated imo the POTW s NFDES

“Permit as provided for in § 403.10(d).

- (d) Incorporat:on of compliance

:gchedules in permuts. U the POTW dces .

‘pot have an approved Pretreatment
at the time the- POTW's
existing Permit is reissued or modified,
 the reissued or modified Permit will
contain the shortest reasonable
‘compliance schedule, not to exceed
‘three years ot July 1, 1963, whichever is
soouer, for the 2pproval of the legal
guthority, procedures and funding
_pequired by paragraph (f) of this section.
*Where the POTW is located in en -
"NPDES State currenty without authority
to require & POTW Pretreatmnent
‘Program. the Permit shall incorparate a
*modification or termmation clause as
" provided for in § 403.10(d) and the
* compliznce schedule shali be
~incorparated when the Permit is
“modified or reissued pursuant o such
r

tiause
2 - (e) Cause for Rerssuance or
:Modificatiop of Permits. Under the
T suthority of section 402(b}1)}(C) of the
{A.ct. the Approvai Anthocity may
*modify, or alternatively, revoke and
{ reissue 8 POTW's Permut in order to
#:{1) put the POTW on a compliancs
Tschedule for the development of a
§POTW Pretreatment Program where the
taddition of pollutants inio a POTW by
Yan Industria] User or combinaticn of
Elndustrial Users presents a substantial
#hazerd to tha functioning of the
»eatment workas, quality of the receiving
¢Waters, human heaith, or the

, Qvironment;

3 (2) coordinate the issuance of a

‘tection 201 construction grant with the

_Bcorporation into a permit of a
Smpliance schedule far POTW
Pretreatment Program:

-(3) incorporate a modification of the
Perait approved under sections 301(h)
0t 301(i) of the Act

{4) incarporate an approved POTW
Pretreatment Program in the POTW
Permit; or

(5) incorporate a compliance schedule
for the development of a POTW

- g::aunen( program in the POTW
t

() POTW pretreatment program
Uirements. A POTW Pretreatment
Tam shail meet the {oilgwing

WUrements:

(1) Lega/ Authority. The POTW sball
wi te pursuant to legal authority
& Orcesble in Federel. State or iocal
h“;‘l- which suthorizes or enables the
teo. 'V 10 apply and to enforce the

Tirements of sectons 307 (b) and (c),

and 402(b}{6) of the Act and any
regulaticas implementing those sections.
Such zuthority may be contained in a
riatrte, ordinance, or senes of contracts
of joint powers agreements which the
POTW is authorized to enact, enter into
or impiement, and which are suthorized
by State law. At a minimum. this legal
authority shall enable the POTW to:

(i) Deny or condition new or increased
contributions of poilutants, or changes
in the natore of pollutants, to the POTW
by Industrial Users where such
contributions do not meet appiicable
Pretrestment Standards and
Requirements or where such
conmibutions would canse the POTW to
violate its NPDES permit:

(ii) Require compliance with
applicable Pretreatment Standards and
Requirements by Industrial Users:

(iii) Control, through permit, coatract.
arder. or similar means. the coatribution
to the POTW by each Industriaj User to
ensure compliance with appticable
Pretreatment Standards and
Requirements; -

{iv) Require (A) the development of &

«» compliance schedule by each Industriai

User for the installation of technology
required to meet applicable
Pretreatment Standards and
Requirements and (B) the submiseion of

~ ” all potices and self-monitoring reports

from Industrial Users 23 are necessary
to asseas and assure compliance by
Industrial Users with Pretreatment
Standards and Requirements, inciuding
but not limited o the reports required in
§ 40312

(v) Carry out all inspection.
surveillance and monitoring procedures
necessary to determine. independent of
information supplied by Industrial
Users, compliance or noncompliance
with applicable Pretreatment Standards
and Reguirements by Industrial Users.

" Representatives of the POTW shall be

authorized {0 enter any premises of any
Industrial User in which a Discharge
source of treatment system is located ar
in which records are required to be kept
under § 463.12{m)} to assure compliance
with Pretreatment Standards. Such
authority shall be at least as extecsive
as the authority provided under section
308 of the Act:

{vi) (A} Obtain remedies for
noncompliance by any Industrial User
with any Pretreatment Standard and
Requirement All POTW s shall be able
to seek injuctive relief for
noncompliance by Industrial Users with
Pretreatment Standards and
Reqwrements. ln cases where State law
has euthorized the munic:peiity or
POT'V to pass ordinances cr ztuer local
legsiation. the POTW sna.l pxerzice
sucn euthornities in passing ¢ *z.za3nta
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seek end assess civil or crimuinal
penalties for noncompliance by
Industrial Users with Precreatment
Standards and Requrements. POTW's
without such euthorities shail enter ato
contracts with Industrial Users to assare
compliance by Industrial Users with
Pretreatment Standards and
Reguirements. An adequate contract
will provide for liquidated damages for
violation of Pretreatment Standards and
Requirements and will include en
agreement by the Industrial User to
submit to the remedy of specific
performance for breaca of contract

(B) Pretreatment Requirements which
will be enforced through the remedies
set forth tn paragraph (f)(1)(vi){A) will
inciude but not be limited to. the duty to
allow or carry out inspections, entry, or
monitoring activities; any rules.
regulations, or orders {ssued by the
POTW; or any reporting requirements
fmposed by the POTW or these
regulations. The POTW shall have
authority and procedures {after informal
notice to the discharger) immediately
and effectively to halt or prevent any
Discharge of pollutants to the POTW
which reasonably eppears to present an
fmminsant endangerment to the health or
welifare of persona. The POTW ghall
also have anthority and procedures
{which shall include notice to the
affected Industrial Users and an
opportunity to respord) to halt or
prevent any Discharge to the POTW
which presents or may present an
endangerment to the eaviroament or
which threatens to interfere with the
operation of the POTW. The Approval
Authority shall have authority to seek
fudicial relief for noncompliance by
Industria] Users when the POTW has
acted to seek such relief but has sought
a penslty which the Approval Authonty
finds to be insufficient The procedures
for notice to dischargers where the
POTW is seeking ex parte temporary
judicial injunctive relief will be
governed by applicable state or federal
law and not by this provision: and

(vii} Coamply with the confidentiality
requirements set forth in § 403.14.

(2) Proceciures. The POTW shail
develop and implement procedures to

ensure compliance with the

requirements of a Pretreatment Procram.
At a‘minimum. these procedures saail
enable the POTW to:

(i) Idendfy and locate ail possible
Industrial Users whnich might be subiect
to the POTW Pretreatment Program.
Any compiletion. index or inventory of
Industnai Users made urder this
paragrapd snau be made availaole 10
the Regionel Adounusmater cr Ciremiar
upon request
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(ii) Identify the character and volume
of pollutants contributed to the POTW
by the Industrial Users ideatified under
§ 403.8(f)(2)(i). This information shall be
made available to the Regional
Administrator or Director upon request;

(iii) Notify Industrial Users identified
under § 403.8(f)(2)(i) of applicable
Pretreatment Standards and any
applicable requirements under section
204(b)} and 405 of the Act and Subtitles C
and D of the Resource Conservation and

Recovery Act.
* (iv) Receive and analyze self-
monitoring reports and other notices
submitted by industrial Users in
accordance with the self-monitoring
requirements in § 403.12

{v) Randomly sample and analyze the
effluent from Industrial Users and
conduct surveillance and inspection
activities in order to identify,

independent of information supplied by

Industrial Users. occasional and
continuing noncompliance with
Pretreatment Standards. The results of
these activities shall be made available
to the Regional Administrator or
Director upon requast;
~ (vi) Investigate instances of
noncompliance with Pretreatment
Standards and Requirements, as
- tndicated in the reports and notices
required under § 403.12, or indicated by
analysis, inspection, and surveillancs
activities described in paragraph
{D)(2)(v) of this section. Sample taking
and analysis and the collection of other
information shall be performed with
sufficient care to produce evidence
admissible in enforcement proceedings
or in judicial actions: and
{vii) Comply with the public
participation requirements of 46 CFR
Part 25 in the enforcement of National
Pretreatment Standards. These
ures shall include provision for at
east annually providing public
notification. in the largest daily
pewspaper published in the municipality
in which the POTW is located. of
Industrial Users which, during the
previous 12 months, were significantly
violating applicable Pretreatment
Standards or other Pretreatment
Requirements. For the purposes of this
provision, a significant violation is a
violation which remains uncorrected 45
days after notification of
noncompliance: which is part of a
pattern of noncompiiance over a twelve
month period: which involves a failure
to accurately report noncompliance: or
which resulted in the POTW éxercising
its emergency authority under
§ 403.8(f)(1)(iv)(B. )
(3) Funding. The POT'V shall have
sufficient resources oz suzitfisd
personnei to carry ouz: 32 ruinorides

. POTWs which have independent legal

of the Program the responsible agencies
should be identified. their respective
responsibilities deiireated, and their
procedures for ccord:nation set ferth:
and ]
(4) A description of the funding level:
and full- and part-time manpower
available to implement the Program:
{c) Conditionai POTW program
approval. The POTW may request
conditional approval of the Pretreatme:
Program pending the acquisition of
funding and personnei for certain
elements of the Program. The reguest fi
conditional approval must meet tce
requirements set forth in paragrapz (b)
of this section except that the
requirements of paragraph (b} may be
relaxed if the Submission demonstrate
that:
(1) A limited aspect of the Program
 does not need to be implemented
immedrately:
(2) The POTW bhad adequate legal
" authority and procedures to carry out
those aspects of the Program which wi
Lor L not be implemented immediately; and
submission. The program description (3) Funding and personnel for the
must contain the following information:  Program aspects to be implemented at
(1) A statement from the City Solicitor  later date will be available when
or & city official acting in a comparable  needed. The POTW will describe in th
capacity (or the attorney for those Submission the mechanism by which
_ this funding will be acquired. Upon
receipt of a request for conditional
approval, the Approval Authority will
establish a fixed date for the acquisiti
of the needed funding and personnel. !
funding is not acquired by this date, t

and procedures described in paragraphs
() (1) and (2} of this section. In some
limited circumstances. funding and
personnel may be delayed where (i) the
POTW has adequate legal authority and
procedures to carry out the Pretreatment
requirements described in this
section, and (ii) a limited aspect of the
Program does not need to be
implemented immediately {see

§ 403.9(b)).

§ 403.9 POTW pretrestment programs
and/or authorization to revise pretrsatment
standards: submission for approval

{a) Who Approves Program. A POTW
requesting approval of a POTW
Pretreatment Program shall develop a
program description which includes the
information set forth in paragraphs
(b)(1}{4) of this section. This
description shall be submitted to the
Approval Authority which wiil make a
determination on the request for
program approval in accordance with
the procedures described in § 403.11.

(b) Contents of POTW program

gounsel) that the POTW has authority

adequste to carry out the programs
described in § 403.8. This statement

shall:
(i) Identify the provision of the legal

authority under § 403.8(f)(1) which conditional approval of the POTW
es the basis for each procedure Pretreatment Program and any remow:
under § 403.8(f)(2): allowances granted to the POTW. ma:
(if) Identify the manner in which the be modified or withdrawn.
POTW will implement the program -(d) Content of removal allowance
requirements set forth in § 403.8, - submission. The request for authority
including the means by which revise categorical Pretreatment

Pretreatment Standards will be applied
to individual Industrial Users (e.g., by
order, permit, ordinance, contract, etc.};

and.

(ili) Identify how the POTW intends to
ensure compliance with Pretreatment
Standards and Requirements, and to
enforce them in the event of
noncompliance by Industrial Users;

(2) A copy of any statutes. ordirances,
regulations, contracts. agreements, or
other authorities relied upon by the
POTW for its administration of the
Program. This Submission shall include
a statement reflecting the endorsement
or approval of the locai boards or bodies
responsible for supervising and/or
funding the POTW Pretreatment
Program if approved: -

(3) A brief description (including
organization charts) of the POTW
organization which will administer the
Pretreatment Progrem. If more than one
agency is responsible for administration

Standards must contain the informati
required in § 403.7(d).

(e) Approval authority action. Any
POTW requesting POTW Pretreatmer
Program approvai shall submit to the
Approval Authority three copies of th
Submission descridbed in paragraph {t
and. if appropriate. (d) of this section.
Upon a preliminary determinadon th:
the Submission meets the requiremen
of paragraph (b} and. if appropriate. |
o{‘ t!ﬁia section. the Approvai Authori:
shall:

(1} Notify the FOTW that the
Submission has been received and is
uncer review: and

(2} Commence 32 puciic nouce an
evaluation activites set forts in § 40:

(f) Notification wnere sutmission :
defecuve. If, after review of the
Submission &s provided for in paragr
{e) of this seccen. ze Approva;
Authont: determ:nes that tne

Suo=izsizn Zoar nat compiy Atk ok
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= quirements of paragrachs (b} or {c}

d. if eppropniate. (d). of thus sectica,
_)2‘ . Approval Autherity shali provide
-ﬁ‘. in wrnung 1o the applying POTW

esch person who has requested

«ridual notice. This notification shail
"Lentify any defects in the Submussicn

_wdadﬁnmmmdeachpm '

who bas requested individual notice of
spe means by which the POTW can
+eomply with the applicable
_sgquirernents of paragraphs (b). (c), and.
".ppmpnate. (d) of this sectioan.

(g) Consister.cy with water quality
mwmgement plans. (1) In order to be
*gpproved the POTW Pretreatment
tprogram shall be consistent with any
'-'Tp water quality management
- olan developed in accordance with 40
R Parts 130, 131. as revised. where
“goch 208 plan includes Management
sency designations and addresses
Bargtreatment in a4 manner consistent
with 40 CFR Part 403. In order to assare
och consistency the Approva!l
gthority shall sclicit the review and
smment of the appropriate 208

ng Agency duning the public

idisapproval of the Program.

E={2) Where no 208 pian has been
spproved or where a plan has been

ved but lacks Management

cy designations and/or does not

pretreatment in a manner

istent with this regulation. the

Authority shall nevertheless

the review and comment of the

.10 Developmem and submission of
State pretrestment programe.
& (a) Approval of Stata Programs. No
“Sate NPDES program shall be approved
tnder section 402 of the Act after the
lective date of these regulations unless
ls determuned to meet the
Rquirements of paragraph (f) of this
ection. Notwithstanding any other
Vision of this regulation. a State will
Tequired to act upon those authorities
“hich it currently possesses befare the
"proval of a State Pretreatment
l""'lram.
':nfb) Deadline for requesting approval.
. Y NPDES State with a permit program
PProved under section 402 of the Act
or 1o December 27, 1977, which
Quires modification tq conform to the
™ Irements set forth 1n paragraph (f] of
N ! section will be required to submut a
lw':'"‘ﬂl for approval of a modified
P*ogram (bereafter State Pretreatment
) rfam approvel) by Marca 27, 1978
" 33 an NPDES State must amend or
st a law 1o make required
ficauons. in which case the NPDES

State shall request State Pretreatment
Progrer: approval by March 2. 1880.

(c) Failure to request approval Tte
EPA thail exercse the authontes
aveilable w0 it t1 appty end enforce
Pretreatment Standards and
Requirements undl the cecessary
impiementing action ts taken by the
State. Failure of a State to seex approvai
of a State Pretreatment Program as
provided for in paragraph (b) and failnre
of an approved State to admunister its
State Pretreatment Program in
accordance with the requirements of
this section constitutes grounds for
withdrawal of NPDES program approval
uander secticn 402(c)(3) of the Act

(d) Modification ciquse 1n POTW
permits prior to submission deadline. (1)
Before the submission deadline for State
Pretreatment Program approval set forth
in paragraph (b} of this section, any
Permit issued to a POTW which meets
the requirements of § 403.8(a} by an
NPDES State without an epproved Suate
pretrestmeént program shall include &
modification clause. This clacse will
require that such Permits be promptly
modified or, altematively, revoked and
reissued after the submission deadline
{or State Pretreatment Program approval
set forth {n (b) of this section to
incorporate into the POTW's Permit an
approved POTW Pretreatment Program
or a compliance schedule for the
development of a POTW Pretreatment
Program according to the requirements
of § 403.8 (b) and {(d) and § ¢03.12(h).
The following language is an acceptable
clause for the purposes of this
subparagraph:

This permit shall be modified. or
alterpatively, rsvoked and reissued. by
September 27, 1979 (or September 27, 1980. as
appropnate) to incorporate an a
POTW Pretreatment Program or a comoliance
schedule for the deveiopment of a POTW
Pretreatment Program as required unger
section 402(b)(8) of the Clean Water Act and
implementng reguistions or by the
requuemants of the spproved State
Pretreatment Program. as sppropnats.

(2) All Permits subject to the
requirements of paragraph (d)(1) of this
section which do not contain the
modification ciause referred to 1n that
paragraph will be subfect to cdjecnon
by EPA under secuon 402(d) of the Act
as being outside the gudelines and
requirements of the Act.

(3) Permits 1ssued by an NFCES State
after the Submussion deadline ior State
Pretreatment Program approvai (set
forth in paragraph (b} of this sectonj
shall contain conditions of an aocroved
Pretreatment Program of a compuance
schedule for develop:ng such e o1
in accordance with § 403.8 {bj anaia:
and § 403.1Xb).

134

(e) State Progrest in Lev of POTW
Prograc. Notwithstanding the provisicn
of § 403.8{a). a State wr, an approved
Pretreacment Program may assume
responsioiity for unplemeaung tne
POTW Pregeatment Program
requirements set forth 1n § 403.E(f} .=
Lieu of requunng the POTW 0 deveiop &
Pretreatment Program. Hcowever. s
does not preciude POTW's rom
independenty deveiopuig Pretreawunent

(f) State Pretreatment Program
recuiremen:s. In order 5 be approved. a
request far State Pretresiment fProgam
Approval must demonsuwrate that tte
State Pretreatment Program has the
following elements:

(1)} Legal outhority. The Attorney
General's Statement sudbmitted in
accordance wmith subparagrapa {g){(1)(1)
shall cerufy that the Director has
authonty under State iaw to operate and

--enforce the State Pretreatment Program

to the extent required by tus Part and
by 40 CFR § 123.9. At & ounimum, the
Director shall have the aunthonty to:

(i) Incorporate POTW Pretreaument
Program conditions into permits issued
to POTW's: require compliance by
POTW's with these incorporsted permut
conditions: and require compiiance by
Industrial Users with Prewreatment
Standards;

(ii) Ensure continuing compiiance by
POTW's with pretreatment conditions
incorporated into the POTW Perzut
through review of monitonng reports
submutted to the Director by the POTW
{n accordance with § 4303.12 and ensure
continung compliance by Industrial
Users with Pretreatment Standards
through the review of self-momitonng
reports submitted to the POTW or to the
Director by the Incustriai Users 1n
accordance wvath § 403.12

(iii) Carry out inspecnon. surveilance
and monitonng procedures which will
determune. 1ndependent of information
supplied by the POTW, ccmpliance or
noncompiiance by the POTW wath
pretreaunent conditions wicorportated
into the POTW Permut ana carry out
inspection. surveulance and morutonng
procedures which will detesmune,
independcent of informaton suppued by
the Industrial User, wnether toe
Industnai User 1s in comziiance wath
Prevreatmen: Stancards:

(iv) Seex avii and cmm=:inai cenaites.
ana :niuncuve rever. f.‘.‘ oonIlim™T.aaace
by the POTW with prewceat=zen:
conditions incorporateq .nto the FOTHV
Permit and for noncomp.:ance with
Pretreatment Stancarzs tv [nouscmai
Users s s2tiortnin § +13.6.0{1 11 The
Cirestar <hau D3ve zuizomiv oo seen
jugic:ai reuel for cenccm™oaznce Cv
{ngustnal Users even wnez (ze FOTHY
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_has acted to seek such relief (e.g..'if the
"* POTW has sought a penalty which the
Director finds to be insufficient);

{v) Approve and deny requests for
spproval of POTW Pretreatment
Programs submitted by 8 POTW to the
Director: -

(vi) Deny and reemnmend approval of
(but not approve) requests for
Fun tally Different Factors
variances submitted by Industrial Users
in accordance with the criteria and
procedures set forth in § 403.13; and

(vii} Approve and deny requests for
authority to modify categorical
Pretreatment Standards to reflect
removals achieved by the POTW in

"accordance with the criteria and
procedures set forth in §§ 403.7, 403.9
and 403.11.

(2) Procedures. The Director shall

have developed procedures to carry out
.. the ments of sections 307 (b) and

(c): and 402(b)(1), 402(b)(2), 402(b})(8). -
and 402(b)(9) of the Act. At a minimum,

these procedures shall enable the

Director to: .

(i) ldentify PO'!'W‘; requ!nd to
-- develop Pretrestment Programs in . .
accordance with § 403.8(a) and noﬁfy
thmPOTWloftheneedtodevalopn
—POTW Pretreatment Program. In the
sbsence of a POTW Pretreatment
Program. the State shall have - .

rocedures to carry out the sctivities set
orth in § 403.8(f)(2): : ‘

(ﬂ]vandetechmahnd gal S
Pmmilhnee to Programs:mh deve pina ‘;

treatment

{iii) Develop complianee u:hedulen for
fnclusion in POTW Permits which set
forth the shortest reasonable time
schedule for the completion of tasks
needed to implement 8 POTW
Pretreatment Program. The final-
compliance date in these schedules shall
be no later than July 1, 1983;

(iv) Sample and analyze:

{A) Influent and effluent of the POTW
to identify, independent of information
supplied by the POTW, compliance or
noncompliance with pollutant removal
levels set forth in the POTW permit (see
§ 403.7); and

{(B) The contents of sludge from the
POTW and methods of sludge disposal
and use to identify, independent of
information supplied by the POTW,
compliance or noncompliance with
requirements applicable to the selected
method of sludge management:

(v) Investigate evidence of violations
of pretreatment conditions set forth in
the POTW Permit by taking samples and
acquiring other information as needed.
This data acquisition shall be performed
with sufficient care as to produce
evidence admissible in an enforcement
proceeding or in court;

- statutes or regulations which shall be
-sme Pretreatment Program: and _ __

{vi) Review and approve requests for
.. approval of POTW Pretreatment

Programs and suthority to modify
categorical Pretreatmnent Standards

submitted by a POTW to the Director:

and

{vii) Consider requests for
Fundamentally Different Factors
variances submitted by Industrial Users
in accordancs with the criteria and
procedures set forth in § 403.13. - -

(3) Funding. The Director shall assure
that funding and qualified personnel are
available to carry out the authorities
and procedures described in paragraphs
{f)(1) and (2) of this section.

(g) Content of State Pretreatment
Program Submission. The request for
State Pretreatment Program approval
will consist of:

(1) (f) A statement from the State
Attorney General (or the Attorney for

. _those State agencies which have

independent counsel) that the laws
of the State provide adequate authority
to implement the requirements of this

" Part. The authorities cited by the

Attorney General in this statement shall
- be in the form of lawfully adopted State

- effective by the time of approval of the

. - - (if) Copies of all State statutes and
reguhﬁom cited in the above statement;

meets the requirements of pmgraph (g)
the Regional Administrator

-(1) Notify the Director that the
Submission has been received and is
under review; and

{2) Commence the program revision

. process set out in 40 CFR § 123.13. For

purposes of that section all requests for
approval of State Pretreatment Programs
shall be deemed substantiai program
modifications. A comiment period of at
least 30 days and the opportunity for a
hearing shall be afforded the public on
all such proposed program revisions.

{i) Notification where submission is
defective. If, after review of the
Submission as provided for in paragraph
(h) of this section, EPA determines that
the Submission does not comply with
the irements of paragraphs (f} or (g)
of this section EPA shall so notify the
applying NPDES State in writing. This
notification shall identify any defects in

..the Submission and advise the NPDES

-

“. requests for

{iii) Notwithstanding paragraphs -

-(8)(1)(i) and (ii) of this section; if the

* State has the statutory authority to
“‘jmplement the requirements of this Part,
" and if the State at the time of
submission of this request bas an
approved NPDES Program, then
regulations setting forth the
requirements of this section need not be
promulgated by the State if the
Administrator finds that the State has
submitted a complete description of
procedures to administer its program in
conformance with the requirements of
this section. States without an approved
NPDES program will be required to
comply with the requirements of
paragraphs (g){1)(i) and (ii) of this
section.

{2) A description of the funding levels
and full- and part-time personnel
available to implement the program; and

(3) Any modifications or additions to
the Momorandum of Agreement
(required by 40 CFR 123.6) which may be
necessary for EPA and the State to
implerment the requirements of this Part.

(h} EPA Action. Any approved NPDES
Slate requesting State Pretreatment
Program approval shall submit tothe
Regional Administrator three copies of
the Sutzussion described in paragraph
(g) of thia section. Upon & preliminary
deferm:neucn that the Submission
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State of the means by which it can
comply with the reqmremenu of this
Part.

§402.11 Approval Procedures for POTW
Pratreatment Programs and POTW Revision
Pretreatment Standards.,

The following procedures shall be

adopted in npprov'uﬁ or denying
of POTW

Pretreatment Programs and revising
Categorical Pretreatment Standards,
including requests for authorization to
grant conditional revised discharge
limitations and i limitations:

{a) Deadline for review of submission.
The Approval Authority shall have 90
days from the date of public notice of
any Submission complying with the
requirements of § 403.9(b} and, where
removal allowance approval is sought,
with §§ 403.7(d) and 403.9(d), to review
the Submission. The Approval Authority
shall review the Submission to
determine compliance with the
requirements of § 403.8(b} and (f). and,
where removal allowance approval is
sought, with § 403.7(a}~{e) and (g). The
Approval Authority may have up to an
additional 90 days to complete the
evaluation of the Submission if the
public comment period provided for in
paragraph (b){1)(ii) of this section is
extended beyond 30 days or if a public
hearing is heid as previded for in
peragraph (b)(2) of this section. In no
event. however, shail the time for
evajuation of the Submission exceed 2
total of 180 days from the date ¢f ~ubi:c
notice of a Submission meeting e
requirements of § 403.9(b) and. in the
case of removal allowance appiicaton,
$§ 403.7(d) and 403.9:d).

(b) Public notice ca opportunity ror
hearing. Upon receipt of a Sunrm"sxcm
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he Approval Autbornty shall commencs
ts review. Within § days after maxcng 2
[elerminstion that a Submission meets
he requrexects of § 403.89(b}. and
vhere removal allowance approval is
ought. §§ 403.7{d) and 403.9(d). or &t
gen later ume under § 403.7(c) that ths
\pproval Authority elects toreview the
emoval ailowance Submission, the
\pproval Authority shall:

(1) Issue & public notice of request far
pproval of the Submission:

{i) This public notice shail be
arculated in & manner designed to
aform interested and potentally
aterested persons of the Submussion.
‘yocedures {or the circulation of public
iotice shall incjude:

(A) Mailing notices of the request for
prroval of the Submission to
lesignated 208 planning agencies,
'ederai and State fish, ahellfish, and
vildlife resource agencies: and to any
ther person or group who has -
equested individoal potice. including
hose on sppropriate mailing lists: and

(B) Publication of & notice of request
or approval of the Submission in the

argest daily newspaper withio the .
arisdiction(s) served by the POTW.

(ii) The public notice shall provide a
eriod of not less than 30 days following
he date of the public notice during _..
vhich time {nterested persons may .,
ubmit their written views on the -
ubmission. .

- (iii} All written comments submitted
luring the 30 day comment period shall
'e retained by the Approval Authority
nd considered in the decision on
vhether or not to approve the
ubmission. The peniod for comment’
cay be extended at the discretion of the
\pproval Authority; and .

(2) Provide an opportunity for th
pplicant, any affected State, any
nterested State or Federa] agency,
)erson or group of persons to request a
ublic bearing with respect to the

Jubmission. -~

(i) This request for public bearing
shall be filed within the 30 day (or
extended) comment period described in
peragraph (b)(1)(ii} of this secuon and
shall indicate the interest of the person
filing such request and the reasons why
& hearing is warranted.

{ii) The Approval Authority shall hold
8 heanng if the POTW o0 requests. In
additior. a hearing will be heid if there
‘s a mignuficant publc interest in 1ssues
Teiaung to waether or not the
Subrussion shouid be approved.
Instances of doubt should be resolved iz
favor of holdug the hearing.

{iii) Putlic nouce of & hearing 1o
€cneicer a Submission and suificient to
INismz interested partes of the natwre of
'z ncanng and the right to parucpate

shail be publishedin the same
pewspeper as (be potce of the ari inal
request for approvai of the Submission
under paragrepk (b)Y 1)i)(B) of this
section In sadditioe. potice of the
bearing shall be sert to those persons
regquestng individnal potice.

(3) Whenever tbe gpproval acthority
eiects to dejer review of a submission
which suthonzes the POTW to grant
conditional revised discharge limits
under § 403.7(b}(2) and 4037{c), the

Approval Authonty shall publish public
nouce of its election in accordance with

paragraph (b)(1) of this secuon
(c} Approval authority decision. At

the end of the 30 day {or extended)
comment period and within the 80 day
{or extended) period provided for in
paragraph (a) of this section. the
Approval Authority shall approve or
deny the Submission based upon the
evaluation in parsgraph () of this

section and taking into consideration
comments submitted during the
comment period and the record of the
public hearing, if held Where the

. Approval Authority makesa - - "

. determination to deny the request, the

. TApproval Anthority shall so notify the

" POTW and each person who has -
—requested individual notice. This

. notification shall include suggested

~modifications and the Approval :
 Authority may allow the requestor —
“additional time to bring the Submission

into compliance with applicable
o uirements. F §o0ditve+ SRS QUNRCRUIIIN Y . NS Lo
(d) EPA objection to Director’s = .
decision. No POTW pretreatment
program or suthorization to grant

removal allowances shall be spproved
by the Director if following the 30 day
(or extended) evaluation penod
provided for in paragraph (b)(1)(ii) of
this secton and any hearing heid
pursuant to paragraph (b}(2) of this
section the Regional Admunistrator sets
forth in writing objections to the
approval of such Submission and the
reasons for such objections. A copy of
> the Regional Admimstrator’s objections
shall be provided to the appiicant, and
each person who has requested
{ndividual notice. The Regional
Administrator shall provide an
opportunity for wrnitten comments and
ey convene a public hearing on his or
her objecuons. Uniess retracted. the
Remonai Admun:stratar s objections
shad consutute 8 final ruiing to deny
approvai of a FOTHY pretreatment
program or authorization to grant
remcval allowances 90 days after the
date the objections are issa:d.
{e) Nouce of Sec:s:on. The Approval

Auwmicnty snas 2culy Licse ferscns wio
subm:tted comTents anc parucioated ia

the putiic tearng. :f Seid, ci the
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approval cr cisapprevai cf the
Submissiocn. L1 eacition. the Approval
Authorty snall cause 19 te published a
notice of approval or disapproval ic the
same newspapers as Lhe criginel nouce
of request for approvai of the
Submission was pudlished. The
Approval Authcnty sa2il identify in any
pooce of POTW Precesozent Program
approval any autrcmzaton to mocily
categonical Preceaunent Standarcs
which the POTW may make. in
accordance with § 403.7, for removal of
podutants subject to Pretreatment
Stanaarcs.

(f} Pub:ic access to submission. The
Approvai Authoncy shalil ensure that the
Submission and any comments upon
such Submission are available to the
public for inspecticn and copying.

§ 40112 Reporting requirements for
POTW's and Industnal users.

(a) Definition. The term “Control
Authority” as it is used in this secuon
refers to: (1} The POTW if the POTW's
Submission for its pretreatment program
(§ 403.3(t)(1)) has been approved in
accordance with the requirements of
§ 403.11: or (2) the Approval Authonty if
the Submission has not been approved.

(b) Reporting requirement for

~industral users upon effective dote of
categorical pretreatment standarg—
baseiine report. Within 180 days after
the effective date of a categoncal
Pretreatment Standard. or 180 days after

. the final administrative decision made

_ upon a category determination

submission under § 403.6(a}(4).
whichever is later. existing Industrial
Users subject to such categorical
Pretreament Standards and currently
discharqing to or scheduled to discharge
to a POTW shall be required to subout
‘o the Controi Authority a report which
contains the inforrmation listed 1n
paragraph (b)(1}~{7) of this seczon.
Where reports contauung this
information already have been
submutted to the Director or Regional
Admunustrator in compiiance with the
requirements of 40 CrR 128.140(bi, the
Indusmiai user wall not be required to
submut this informsuen again. New

the Controi Authonty a repor: waich
ctontans the information uistec in
paragrecns 0 :1—3iof Uus secuen:
(4 T me Siimm mo e e~ Ty Teaw
Lo s d 700300202 072500 L2 L eer

A TIT2inZ icli2sscl
~

list of 32V entsonments: conwa: rermu's
heid v ir orrme rzaary:

Nl o rmrirzeerome The
Ueerdnu.. :uamoi o In2r C2eCm20inn o7
METE . . .. ToiEIitroIizion
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*‘andsundndhdumhlmuiﬁuﬁmo{
the operation(s) carried out by such ™ - E&cContml Authority: - s35sagis

T W VW'F’ n.....m«

Industrial User. This dnu:pdnndmuld 35" (vi) Sampling and analysis shall be
¥performed

. Include a schematic process

* which indicates points of Discharge to™ -

in accordance with the ‘«'1’-"’"
in 40 CFR Part 138

el o

AT

2 IRE
dluthlll bctublnmed lo --1‘*-(!1) If the ategoﬁal Pretreatment

¢ Standard is modified by a removal
—allowanca ($ 403.7), the combined

% wastestream formula (§ 403.6(e)), and/o;

" 8 Fundsmentally Different Factors

Wwbod
the POTW from-the regulated processes. -and amendments thereto. Where 40 CFR ':nrhna (§ 403.13) after the User
{4) Flow measurement. The User shall  Part 138 does not contain samplingor -

_submit information the - -

showing .
" ‘massured average daily and mn:lmm"

dnilyﬂmv lngtﬂonspcdly.hﬂu
POTW from each of ths following: |

mreguhtadpromumms:nd
(ii) other streams as nscessary to

. allow use of the combined wastestream
-"- formula of § 403.6(e). (Secpnnsnph -

" (b)(S)(v) of this section.) ¥R W
" The Control Authority may allow iar
- weeiflable estimates of these flows . -

 Considerations. -

'_‘-"L» 4-'

pxoeeu:
.- (i} In addition, the User shall submit

‘Pidentifying
g(ormmwhmnqn!ndbym'@

" regulated pollutants in the

«-4

s whmimﬁﬂedbyeodwhaﬁbiﬂty =

(S)Mmmmdhﬂmamm "hlubmhlinnoflbue!imngut
Sundanh v A Filong nthndaonlpfvla.dahfd.n” "
lppliublctnnchrquhhd as ta ormation
Y g TRy a'%"‘wﬁt:lemtotlletex'minot.!luuez'lfm- e
o results of sampling and analysis .= viti) report shall
thnmtu;‘:snndmﬂon lndhtuhcﬁmc.dnumdphea.of
'Mlhsmdmthodsdlnlyds.
‘,ShndardorConuolAn&uity)of v=3%° 3 .shall certify that such sampling and - é 4_»
+"analysis is representative of normal .x: ’l“"

= submits the report required by

mwumuhniqmtumpoummh pmsmh(b)ofthmecﬂon- any

tion. or where the Administrator 4 _: nacessary amendments to the
termines that the Part 138 unﬂ.lng ‘infom.lﬁm ested by paragraphs
l-‘-tnd analytical techniques are ;. (b)(6) and (7) } of this section shall be
- insppropriate for the pollutant in # ¢ =csubmitted by the User to the Control
-question, sampling and analysis shall bo Authority within 60 days after the
.--performed by using validated uulyﬂul modxﬁed limit is approved.

*< Jnethods or any other applicable - ; - (¢) Compliance Schedule for Meeting
¥ sampling and analytical ou. W8 &Ca jcal Pretreatment Standards.
 including procedures suggested by the: > The following conditions shall apply to
~ZPOTW ar other parties, approved by the ‘ﬂ;m required by paragraph

-~Adminilﬂ'ltor - --:-.~—~—~ ks s - section:

5 e Control Authrity may ail ,,.," 2 ¥{1) The schedule shall contain

7T The A ty may %ghammuofmintbefomof
: tes for the commencement and

#<completion of major events lead.mg to
3}& construction and operation of
-ﬂ“ f;addlﬁoul preireatment-required for the

- .p Industrial User to meet the applicable

i utegorlcd Pretreatment Standards (e g-

hlrlng an nginnx completing

""Irom each regulated process. Both daily "Twork cycles and expectedpollnun! _‘-:“'

nwnmnm and ayerage concentration (or :
.mass, where required) shall be reporied. i3-{6} Certification. A mtment.

£ 'ﬂu sample uhanbemprucnhﬁnd
m || R

obhined through the ﬂow-propm-ﬁnul

(-:‘

Pretrunnent Standard. Where
" eompodte sampling is not feasible, a
_.grab sample is acceptable:
.. {iv) Where the {flow of the stream
being sampled is less than or equal to
- 950,000 liters/day (approximately .-
250,000 gpd), the User must take three
samples within a two-week period.
Where the flow of the stream being
sampled is greater than 950,000 liters
day (approximately 250.000 gpd). the
User must take six samples within &
two-week period:
{v) Samples should be taken
immediately downstream from
_pretreatment facilities if such exist or
immediately downstream from the
regulated process if no pretreatment
exists. If other wastewaters are mixed
with the regulated wastewater prior lo
pretreatment the User should measure
the flows and concentrations necessary
10 allow use of the combined
wastestream formula of § 403.8{e} in
order to evaluate compliance with the
Pretreatment Slandards. Where an
alternate concentration or mass limit
has been caiculated in accordance with
§ 403.8(e) this adjusted limit along with

-

* ‘zuwhether additional operstion and ooy .
. maintenance (O and M) and/or
*  .additional pretreatment is required for

(m=~ e

“Discharges to the POTW; =& :
-peviewed by an suthorized -~ aeWi k-

v vt Sosepresentative of the Industrial Usez (as -
& mi)wmfeuible. wl  must be %eﬁnedinnbpmph(k)oﬂhh
cpedﬁed &”r:fﬁ:;}o.:ll.d indi ﬁnt: ther

composite sampling techniques ;P ca e
in the applicable categorical ;-5 ;.Pnu'eaunent Standards are being met

aqnllﬁed

on & consistent basis, and, if not, ...5%

the Industrial User to meet the

.~ Pretreatment Slandards and

Regquirements; and

.. [7) Compliance Schedule. If additional

pretrentment and/or O and M will be
tequired to meel the Pretreatment
Standards: the shortest schedule by
which the Industrial User will provide
such additional pretreatment and/or O
and M. The completion date in this
schedule shall not be later than the
compliance date established for the
applicable Pretreatment Standard.

(i) Where the Industrial User's
categorical Pretreatment Standard has
been modified by a removal allowance
{8 403.7), the combined wastestream
formula (§ 403.8{e)), and/or a
Fundamentally Different Factors
variance (§ $03.13) at the time the User
submits the report required by
paragraph (b) of this section. the
information required by paragraphs
(b){8) and (7) of this section shall pertain
to the modified limits.
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o

-pmmph (c)(l) d'dm section shalil

’{txceed 9 months.
J#22:(3) Not later than 14 days following

sach date in the schedule and the final

;tdlte for compliance, the Industrial User
=T =593 ghall submit a progress report to the
% Control Authority including, at a

~“minimum, whether or not it complied

~2with the increment of progress to be met
e - on guch date and. if not, the date on

- which it expects to comply with this
increment of progress. the reason for
: delay, and the steps being taken by the
Industrial User to return the
construction to the schedule established.
.In no event shall more than 9 months
-+elapse between such progress reports to
the Control Authority.

(d) Report on compliance with
categoricol pretreatment standard
deadl/ine. Within 90 days following the
date for final compliance with
applicable categorical Pretreatment
Standards or in the case of a New
Source following commencement of the
introduction of wastewater into the
POTW. any Industrial User subject to
Pretreatment.Standards and
Requirements shall submit to the
Control Authority a report indicating the
nature and concentrauon of ail
pollutants in the Disckharge irom the
regulated process wiich are i:mited by
Pretreatment Standards a=¢
Requirements and the averzge and
maximum daily flow {or thase srocess
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:.Tr"th -.'~'-"'-"a-:l e I L D R T - -
“pnits in the Industrial User which are = ; The frequency of moritoririg stall be .~ which contams the ixormstor required
?ﬁgmted by such Pretrestment Standards  prescribed m the cppljul;ines ~.-~J‘:_‘by §3 €03.7(d}2). 403 TTLN5) u:.'.'m
" and Requuemen}g. The report shall state  Pretresmnent Standard. All analyses .- 4037Td)6). A pummurr of cne s&mpie
twhether the appiicable Pretreatment _ . shall be performed in accordance with _._ per montn duning the reporting penoc i
E::::dards or E_(etquxr;me_nu ?dbeing.‘ " _. procedures established by the ~ - rrequired = F

on a consistent basis and. if aot, .~ Admunistrator pursuant to section 304(g) } Periodic reports by POTW o
;what additional O and M and/or of the Act and contained in 40 CFR Part degar.szmte caaﬂnueg"aompz}anae with
= retreatment is necessary to bnng' the - 138 and amendments thereto or with any . removal allowance. The reports referred
i]ndu.:tr:al User into compliance with the --other test procedures approved by the -- »to in paragraph (i) of this section will L 2
? .pphgable Pretreatment Standards or .. .» Administrator. Sampling shail be -<:-.:.. ‘submitted to the Approval Authority at
Rgpnrcments. Thus statement shallbe - perfarmed in accordancs with the -+ - 6-month intervals beginning with the
_signed by an authorized representative techniques approved by the submussion of the initial report referred
of the Indusmal User, as defined in Administrator. Where 40 CFR Part 138 to in paragraph (i} of this section uniess
pua_graph (k) of this secuon. and‘ does not include sampling or analytical required more frequently by the
“certified to by a qualified professional. . technigues for ths pollutants in question, -:Approval Authority. -
% (e) Periodic reports on continved -~ or where the Administratar determines ~+ (k) Signatory requirements for
{eompliance. (1) Any lndustrial User - that the Part 138 sampling and enalytical industria/ user reports. The reports
rsubject to a categorical Pretreatment - -.-tecaniques are inappropriates for the - -required by paragraphs (b). (d). and (e),
%S(andud. after the compliance dateof , pollutant in question. sampiing and ..r-=r=0f this section must be signed byan -
ssuch Pretreatment Standard. ot, in the .:c-analyses shail be performed umng #4522 . &uthorized representative of the
~case of a New Source, l:ﬁer “3omr 7 -.zUvalidated analytical methods or any a7 ~Industrial User. An authorized
tcommencement of the discharge into the - —-other sampiing and analytical - --=—=xTwepresentative may be: -~~~ .
ﬁ:‘ shall submit to the Control . 4«1, 6 procedures. including procedures <w<e (1) A principal executive officer of at
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thority during the months of June and  suggested by the POTW or other parties. «:least the levei of vice president, if the

ber, unless required more .~ - -~ approved by the Administratar. =~ ve--=<-Industrial User submitting the reporta -
;%ﬁ'equmtly in the Pretrestment Standard 3 (b) Compliance schedule for POTWs. - Yrequired by paragraphs (b), {d) and (e) of
i:pby the Coatrol Authority or the AT, The following conditions and reporting - s¢.this section is & corporation. <o - 3 3
4 proval Authority, a report indicating . ~erequirements shall apply to the - zut=:44dl* (2} A general partner or proprietor if =
ithe nature and concentration of =3t..-1-gcompliance schedule for development of - the Industrial User submitting the report
{pollutants in the effluent which are . _*: an approvable POTW Pretreatment .:. ; ;required by paragraphs (b}, (d) and (e} of .
Timited by such categorical Pretreatment 3 ired by § 4038 - sususs-z  this section is & p ip or sole
‘Standards. In addition. this repart shalt -= -{1) The schedule shail contain —=— &% >:proprietorship respectively. -
dnclude a record of measured or - S crements of progress in the form of . 422 .. . (3] A duly authorized representative
‘estimated average and maximaum ?&dnu for the commencement and Fag-7o-of the individual designated in - - -
.fows for the reparting period for the . ~2o5ccompletion of major events leading to s sa:subparagraph (1) ar (2) of this paragrap
.Discharge reported in paragraph (b}{4) ¢} - the development and implementation of Af such representative is responsible for .
2of this section except that the Control . goza POTW Pretreatment Program (e.g. »esgs sthe overall operation of the facility from
*Authority may require more detailed 1.} acquiring required autharities. 333 i, which the Indirect Discharge originates.
-reporting of fllows. At the discretion of —-developing funding mechanisms, -3 ;:r .~ (1} Signatory requirements for POTW
‘the Control Authority and in .-~ - _-: -@cquiring equipment}; .=.. - ».%% . :-7eports. Reports submitted to the f
‘consideraton of such factors as local (2) No increment referred tofn 23 .y Approval Authority by the POTWin -
-high or low flow rates, holidays. budget paragraph (b)(1) of this section .+ ~.accordance with paragraphs (b), {i) and
“tycles, etc. the Control Authority may ~ exceed pine monthss . -+~ (j) of this section must be signed by a
“agree (o alter the months during which (3) Not later than 14 days following - principal executive officer. ranking

N

the above reports are to be submitted.
{2) Where the Control Authority has

‘Imposed mass limitations on Industrial _

Users as provided for by § 403.8(d), the-
report required by paragraph (e)(1) of
this section shall indicate the mass of
pollutants regulated by Pretreatment
Standards in the Discharge from the
Industrial User. '
(L Notice of slug loading. The
Industrial User shall notify the POTW
ediately of any slug loading, as
defined by § 403.5(b)(4). by the
Industrial User.
(8) Monitoring and cralysis w
emonstrete continued compliance. The
Teports required in pasegraphs (b)(5)
(d). and (e} of this section shell contain
the results of sampling and analysis cf
¢ Discharge. incJuding the flow and
the nature and cencentration. cr
roduction and mass where requested

Containea there:n whics are inutec by
e applicable Pretreatment Stancards.

each date in the schedule and the final
date for compliance, the POTW shall

‘submit & progress report to the Approval

-Authority including, as a minimum,

* <-whether or not it complied with the
increment of progress to be met oo such
date and. if not. the date on which it

. expects to comply with this incement of
progress, the reason for delay, and the
steps taken by the POTW to return to
the schedule established. In n0 event
shail more than n:ne menths elapse
berween suck pregress reports to the
Approval Authonty.

{i) Initza! POT3Y report on compliance
with approved removal cllowance. A
POT\V wiuck bas received authonzation
to modify categoncal Pretreament
Standarcs fer poilutants removed by the
POTW in accor2ance with the
recorrements of § 493.7 must submit to
tSe Asorovai Authanty wathin 60 days
siter wie efecuve date cf & Fretreatment
S:ancarg for wnich BuLtenzIauoato
oo fy has been zoproved S repont

138

elected official or oiher duly authorized

- employee if such employee is

responsible for overall operation of the
POTW.

(m) Provisions governing fraud and
{alse statements. The reports required

y paragraphs (b), (d). (e). (h). (i) and (j)
of this section shall be subject to the
provisions of 18 U.S.C. section 1001
relating to fraud and false statements
and the provisions of section 309(c}(2) of
the Act governing false statements.
representations or cerufications 1n
repcris required uncer the Act.

{2) Reccrd-Aeeping reguirements

(1) Any Industnal User and POTY
subject to the reporting requirements
established in this section shall
mainta:n records of ail 1=formancen
tesulting from any mc=.tonng activites
required by this sect.cn. S.cn receras
shaii :nciude for ail samoies:

{i}) Tte cate. exact .ace. mcthod. and
tme of sampiing ang e naces of ~e
person or fersons taiunz the samp.es;
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(i} The dates anaiyses were

the limit at issus. A.ny interested person

stringent than required by the Sundards

performed. Al - believing that factors relating to an : »i.- shall be approved only £ -
" (iii) Who-performed the analyses: — - Industrial User are fundamentally - —=-- (i) The alternative limit request is no
(iv) The analytical techniques/ different from the factors considered --+3- more stringent than justified by the
methods use; and during development of s categorical " - fundamental difference: and
(v) The results of such analyses. Pretreatment Standard applicable to '~ . (ii) Compliance with the alternative
(2) Any Industrial User or POTW that User and further, that the existence -<: Bmit would not result in either:
subject tothe reporting requirements : of thoss factors justifies a different -2 *~ ™" (A) A removal cost (adjusted for
established in this sestion shall be limit from that specified in the inflation) wholly out of proportion to the
required to retain for a minimum of 3 "applicable categorical Pretreatment .- removal cost considered during
years any records of monitoring <~ “¥Standard, may request a fundamentally >+ development of the Standards: or
" activities and results (whether or not ~ different factors variancs under this -2 * (B) A non-water quality

such monitoring activities are required
by this section) and shall make such
records available for inspection and
copy:ng by the Director and the
Regionai Administrator (and POTW in
the case of an Industrial User). This
period of retention shall be extended
during the course of any unresolved
litigation regarding the Industrial User
or POTW or when requested by the

submitted by an Industrial User

~ ~gpproved only i #:Tiw 2T v

*t (i) There is an applicable categorical
-~Pretreatment Standard which .

.-xspecifically controls the poilutant for .2 xcontained in the raw waste load of the
- “‘which alternative limits have been .
Director or the Regional Administrator. :requested: and
_{3) Any POTW to which reports are -
»+'controlled by the categorical

be initiated by the EPA.

{c) Criteria.—{1) General mtana. A
request for a variance based opon
fundamentally different hctors shall be

- F YRR S - soad e
_,{Hi) Factors relating to the dhdmrge

S<User’s
i (2)
-2 *uuu.'water and effluent discharged:
EUR-1 2 1 e

*“section or such a variance request my “s  environmental impact (including energy

requirements) fundamentally more
adverse than the impact considered

. --during development of the Standards.

{d) Factors considered fundamentally

=% different. Factors which may be
~ considered fundamentally different are:

(1) The nature or quality of pollutants

rocess wastewater
e volume of the User’s process

(3) Non-water quality environmental

pumunt to paragraphs (b}, (d), and (e) *d!Ianuunent Standard are 2. deaer ¥ -impact of control and trestment of the
of this section shall retain such reports ~=:fundamentally different from the factors  User’s raw waste load:
for a minimum of 3 years and shall make “tonsidsred by EPA in establishing the +’" (4) Energy requirements of the ~ -

such reports available for inspection afi

" and copying by the Director and the

Standards: and

ARIRGRR STk
,.(ﬁi)'l'hemquutforlnﬂmahn

Regional Administrator. This period of ~#made in accordance with the procedural -
retention shall be extended during the -:- Tequirements in paragraphs (g) and (h)

-course of ;1:1 unresolved hugnunn———--mOf this section.

of pollutants by

regarding _

&:%rmwmalUmortheopmﬂonof q:‘
Pretreatment Program -

- Cthe = thmnqumdbytthhndndnhanbe

g mmvedonly

when requested by the Director or the
'Regional Admlnutntor fr,F W‘?
-~ ,.lwa h T s
§ 403.13 Vlrhneu from ahgodal i
pretreatment standards for M
different factors.
(a) Definition The term 'Requestu"

. means an Industrial User or a POTW or
other interested person seeking &
variance from the limits specified in a
categorical Pretreatment Standard

(b) Purpose and scope. In establishing
categorical Pretreatment Standards for
existing sources. the EPA will take into
account all the information it can
collect, develop and solicit regarding the
factors relevant to pretreatment
standards under section 307(b). In some
cases, information which may affect
these Pretreatment Standards will not
be available or. for other reasons. will
not be considered during their
development. As & result. it may be
necessary on a case-by-case basis to
adjust the limits in categoncal
Pretreatment Standards. paking them
either more or iess stringent, as they
apply to a certain Industnai User within
an industrial category or subcategory.
This wnll onlv be done if data specific io
that Industnal User indicates it presents
factore funcamentally different from

:nsudered by EPA in deveicring

[}
RefoRe iy

btnngent limits. A variance

‘application of control and trestment

uchnology- B i S SRR

-{5) Age. size, land availability, and
eonﬁgnntion as they relate to the Uaerf

————equipment or facilities: processes
- (2) Criteria appbaxbla fo hﬂ Mmplmd_ process

request for - engineering aspects of the npphcauo;: of

changes: and

“eithe establishment of limits leu stringent ~Xcontrol

(i) The alternative lhitnqnu

- (iii) The alternative Jimit will not
result in a non-water quality
environmental impact{including energy
requirements) fundamentally more
adverse than the impact considered
during development of the Pretreatment
Standards: and

(iv) Compliance with the Standards
(either by using the technologies upon
which the Standards are based or by
using other control alternatives) would
result in either:

(A} A removal cost (adjusted for
inflation) wholly out of proportion to the
removal cost sonsidered during
development of the Standards: or

{B) A non-water quality
environmental impact (including energy
requirements) fundamentally more
adverse than the impact considered
during development of the Standards.

(3) Criteria appllcable to more
stringent limits. A variance request for
the establishment of limits more

139

;& (6) Cost of compum wit.h raqun'ed
-3 control technology. + ::
h T2 ‘(e) Factors which tn.ll notbe
1./00 less stringent than justified by the v considered fundamentally d:ﬂ'eunt. A
&rfnndnmenml difference: - 'Zouar pT-oxyariance request or portion of such a
(ii) The alternative limit will not result
“‘xdn a violation of prohibitive discharge -
-{'standards prescribed by or uubluhad
“™-~~under § 403.5% v ¢}

,“-n.

.request under this section may not be

ted on any of the following grounds:
’ff) The feusibility of hstnlllnggt:e
required waste treatment equipment
within the time the Act allows;

(2) The assertion that the Standards
cannot be achieved with the appropriate
waste treatment facilities installed. if
such assertion is not based on factors
listed in paragraph {d) of this section:

(3) The User's ability to pay for the
required waste treatment: or

(4) The impactof a Discharge on the
quality of the POTW's receiving waters.

(f) State or local low. Nothmg in this
section shall be construed to impair the
right of any state or locality under
section 510 of the Act to impose more
stringent limitations than required by
Federal law.

(g) Application deadline.

(1) Requests for a variance and
supporting information must be
submitted in writing to the Director or to
the Enforcement Division Director, as
appropriate.

(2) In order to be considered. reques:
for variances must be suomutted within
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180 days after the effective date of the

to correct the deficiency. If the

_categorical Pretreatment Standard = _ . deficiency is not corrected within the

“gnless the User bas requested a
- categorical dstermination pursuant to
§403.0(a). - - -
<" {3) Where the User has requested a
ca determination pursuant to
R 403.6(a). the User may elect to await
" the results of the category determination
-before submitting a variance request
..gnder this section. Where th® User so
Felects, be or she must submit the
- yariance request within 30 days after a
- final decision has been made on the
categorical determination pursuant to
§ 403.6(a)(4). L.
(h) Contents of submission. Written

time period allowed by the Enforcement
- Division Director or the Director, the

~ request for a variance shall be denied.

-(§) Public notice. Upon receipt of a
_ complete request, the Director or

” Enforcement Division Director will

provide notice of receipt, opportunity to
review theé submission. and opportunity

.~-0 comment.

(1) The public notice shall be
circulated in a manner designed to
inform interested and potentially
interested persons of the request.
Procedures for the circulation of public
notice shall inciude mailing notices to:

~Submissions for variance request, (i) The POTW into which the
".whether made to the Enforcement . A

“ gi:luion Director or to the Director must mg urmquemng the variance
> (1) The name tin::tl address of the \ my;')l::d :g-ms:t:' whose watars

+ person making the request: . . X .

k.., (2) Identification of the interest of the r.&mmmmﬁ ?;sh.p‘l;nnmg ‘”Sd”'
“Requester which is affected by the - cede shellfish an
’ategoriell Pretreatment Standard for - wildlife resource agencies: and to any

L which the variance is requested: -~ other person or group who bas

2+ (3) ldentification of the POTW rquested individual potice. including
 currently receiving the waste from the : “0%¢ 90 sppropriate mailing lists.
*Industrial User for which alternative ;- (2) The public notice shall provide for
> disch limits are ted: ' fapenodnothuthanaogay!fqnowing
* {4) ldentification of ge categorical the date of the public notice during
_Pretreatment Standards which are . ___. Which time intsrested persons may
"applicable to the Industrial User: - review the request and submit their

£ 7(5) A list of each pollutant or pollutant _ Written views on the request

. parameter for which en alternative ~(3) Following the comment period, the
~discharge limit {s sought - = Director or Enforcement Division

&' (6) The alternative discharge limits
“pro by the Requester for each
“poliutant or pollutant parameter . ~-
"{dentified in item (5) of this paragraph:
= (7) A description of the Industrial

User’s existing water pollution control
. facilities:

(8) A schematic flow representation of
the Industrial User’s water system
including water supply. process
wastewasler systems, and points of
Discharge: and

{9) A Statement of facts clearly
establishing why the variance request
should be approved. including detailed
support data, documentation., and :
evidence necessary to fully evaluate the
merits of the request, e.g., technical and
economic data collected by the EPA and
used in developing each pollutant
discharge limit in the Pretreatment
Standard.

{1) Deficient requests. The
Enforcement Divisiof Director or
Director will only act on written
Tfequests for variances that contain all of
the information required. Persons who

ve made incomplete Submissions will
be notified by the Enforcement Division
Director or Director that their requests
are deficient and unless the time perod
Is extended, will be given up to 30 days

- Director will make a determination on
' the request taking into consideration
“ 'any comments received. Notice of this
_.final decision shall be provided to the
* requestor (and the Industrial User for
which the variance is requested If
different), the POTW into which the
Industrial User discharges and all
persons who submitted comments on the
request .

{k) Review of requests by state. (1)
Where the Director finds that
fundamentally different factors do not
exist, he may deny the request and
potify the requester (and Industrial User
where they are not the same) and the
POTW of the denial.

(2) Where the director finds that
fundamentally different {actors do exist,
be shall forward the request. and a
recommendation that the request be
approved. to the Enforcement Division
Director.

(1) Review of requests by EPA. (1)
Where the Enforcement Division
Director finds that fundamentally
different factors do not exist. he shall
deny the request for a variance and
send u copy of his determination to the
Director. to the POTW, and to the
Requester (anc to the Industnal User,
where Lhey are not the same).

140

(2) Where the Enforcement Division
Director finds that fundamentally
different factors do exist. and that a
partial or full variance s justified. be
will approve the variance. In approving
the variance, the Enforcement Division
Director will: « :

(i} Prepare recommended alternative
discharge limits for the Industrial User
either more or less stringent than those

~ prescribed by the applicable categorical
Pretrestment Standard to the extent
warranted by the demonstrated
fundamentally different factors:

(ii) Provide the following information
in his written determination:

(A) the recommended alternative
discharge limits for the Industrial User
concemed:

(B) the rationale for the adjustment of
the Pretreatment Standard (including the
Enforcement Division Director’'s reasons
for recommending that a fundamentally
different factor variance be granted) and
an explanation. of how the Enforcement
Division Director’s recommended
aiternative discharge limits were

- .derived:
- {C) the supporting evidence submitted
o :l:he Enforcement Division Director:
an L i
{D) other information considered by

- —ithe Enforcement Division Director in

- developing the recommended
.alternative di limits;
:% (iif) Notify the Director and the POTW
. .of his or her determination; and
i - (iv) Send the information described in

* ~paragraphs (1)(2) (i) and (ii) above to the

i« ‘Requestor (and to the Industrial User
" where they are not the same).

{m) Request for hearing. (1) Within 30
days following the date of receipt of
potice of the Enforcement Division
Director’s decision on a variance
request, the Requester or any other
interested person may submit a petition
to the Regional Administrator for a
hearing to reconsider or contest the
decision. If such a request is submitted
by a person other than the Industrial
User the person shall simultaneously
serve a copy of the request on the
Industrial User.

(2) Uf the Regiona] Administrator
declines to hold a hearing and the
Regional Administrator affirms the
Enforcement Division Director’s
findings. the Requester may submit a
petition for a hearing to the
Admnistrator within 30 days of the
Regional Admunistrator’'s decision.

§403.14 Confidentiality.

(a) EPA author:ties. In accordance
with 40 CFR Part 2. any information
submitied to EPA pursuant to these
regulations may be claimed as
confidential by the submitter. Any such
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elaim must be asserted at the time of

" submission in the manner prescribed on
the application form or instructions, or,
in the case of other submissions. by
stamping the words “confidential

~business information” on each page
containing such inforhnation. If no claim
is made at the time of submission. EPA
may make the information available to

“the public without further notice. If a

water which are limited by the Standard . and Control Authority within 24 hours of

are not temoved by the trestment -
technology loyed by the User.

{c) Notice. The User shall notify the
Regional Enforcement Officer if there
are any significant changes in the
quantity of the pollutants in the intake
water or in the level of treatment

_ provided. ...
- (d) EPA decision. The Enforcement

claim is asserted. the information will be Division Director shall require the User

treated in accordance with the
procedures in 40 CFR Part 2 (Public
Information).

{b) Effluent data. Information and
data provided to the Control Authority
pursuant to this part which is effluent
data shall be available to the public
without restriction. )

" {c) Stats or POTW. All other
:information which is submitted to the

to conduct additional monitoring (i.e.

for flow and concentration of pollutants)

as necessary to determine continued
eligibility for and compliance with any

) lgliuntnl:nh. The Enforcement Division

Director shall consider all timely
applications for credits for intake
pollutants plus any additional evidence

. that may bave been submitted in -
.. response to the EPA’s request. The
- State or POTW shall be available to the  Enforcement Division Director shall then .

. public at least to the extent provided by ---make a written determination of the

740 CFR § 2.302. »osh .. % ropecr, -
P T S & N R
§403.15 Net/Gross caicuistion, .
Categorical Pretreatment Standards
may be adjusted to reflect the presence

of pollutants in the Industrial Users’ - <

"intake water in accardance with the ~
_gr_?visiom of paragraph (a)={d) below:

_applicable credit(s), if any. state the
reasons for its determination, state what

;. additional monitoring is necessary, and 4
_:send a copy of said determination to the __Upset. No determinations made in the

12 Applicant and the applicant's POTW. " _.course of the review constitute final

“x:3The decision of the Enforcement ;- a3 Agency action subject to judicial review.

-z Division Director shall be final. 443 - .. Industrial Users will have the

~Ta) Applicatien deodline and contents. - §403.18 "Upest provislon. 235 ¥~

* Any Industrial User wishing to obtain a " (e) Definition. For the purposes of

- credit for intake pollutants must make .- section. “Upset” means an exceptional

- application therefore within 80 days
*after the effective date of the applicable

. incident in which there is unintentional

o

" and temporary noncompliance with

+

--ir becoming aware of the Upset (if this

Information is provided crally. a written
submission must be provided within five

\d‘y')i . P BT

4

* (1) A description of the Indirect .

i-Discharge and cause of noncompliance:

(ii) The period of noncompliance.

- including exact dstes and times or. if not
s ‘corrected. the anticipated time the

noncompliance is expected to continue:
~ {iif) Steps being taken and/or planned
to reduce. eliminate and prevent
recurrence of the noncompliance.

" {d) Burden of proof. In any
“enforcement

ing the Industrial
User seeking to establish the occurrence

" of an Upset shail have the burden of
- proof. )

(e) Reviewuability of agency '
consideration of claims of upset In the
exercise of prosecutorial

"> discretion. Agency enforcement
personnel should review any claims that

-compliance was caused by an

-.opportunity for a judicial determination
——von any clasim of Upsetonlyinan - -

« enforcement action brought for ...
45 boncompliance with catégorical .
« Pretreatment Standards. 29 gerr 3

. oo - . - sz (f) User responsibility in case of
categorical Pretreatment Standard. - . :;;_categorical Pretreatment Standards . s -Gpset. The Industrial User shall control

FApplication shall be made to the -
‘ appropriate Enforcement Division R
; Director. Upon request of the [ndustrial
User, the applicatle Standard will be
<calculated on a “pet” basis. .e., adjusted
-te reflect credit for pollutants in the
i&t:ke water, if the User demonstrates
t

(1) Its intake water is drawn from the
same body of water into which the
discharge from its publicily owned
treatment works is made;

(2) The pollutants present in the
intake water will not be entirely
removed by the treatment system
operated by the User;

(3) The pollutants in the intake water
do not vary chemically or biologically
from the pollutants limited by the
applicable Standards: and

(4) The User does not significantly
increase concentrations of poilutants in
the intake water, even if the total
amount of pollutants remains the same.

(b) Criteria. Standards“adjusted under
this paragraph shall be calculated on the
basis of the amount of poliutants
present after uny treaument steps kave
been performed on the intake water by
or for t~e ‘nurein3j User. Adiusauents
uncer s e sisi e gives oy i3
the extent w.a. ....uianiB LN L€ JTiaGAE

7 T because of factors beyond the ;‘lgi " =« production ar all Discharges to the

* User. An Upset does not include rextent pecessary to maintain T

" noncompliance to the extent caused-by

reasonable control of the Industri

operational error, improperly designed
treatment facilities, inadequate
treatment [acilities. lack of preventive
maintepante, or careless or improper
opersation.

(b) Effect of an upset. An Upset shall
constitute an affirmative defense to an
action brought for noncompliance with
categorical Pretreatment Standards if
the requirements of paragraph (c) are
met.

(c) Conditions necessary for a
demoanstration of upset An lodustrial
User who wishes to establish the
affirmative defense of Upset shall
demonstrate, through properly signed.
contemporaneous operating logs, or
other reievant evidence that:

(1) An Upset occurred and the
Industrial User can identify the specific
cause(s) of the Upset;

{2) The facility was at the time being
operated in a prudent and workman-like
manner and in compliance with
applicable operation and maintenance
procedures:

{2 The Industrial User has submitted
22 foilowing information to the POTW

141

" = compliance with categorical .- -
 Pretreatment Standards upon reduction.
~-loss. or failure of its treatment facility

= until the fadility is restored or an

alternative method of treatment is
provided. This requirement applies in
the situatiot where, among other things,
the primary source of power of the
;:eﬂa'tment facility is reduced. lost or

Appendix A—United States Environmentai
Protection Agency
December 16, 1975,

Program Guidance Memorondum—a1

Subject Grants for Treatment and Control of
Combined Sewer Overflows and
Stormwater Discharges.

From: John T. Rhett. Deputy Assistant
Adminstrator for Water Program
Operations (WH-546).

To: Regronal Adounustrators. Regions I-X.

This memorandum summanzes the

Agency's policy on the use of construction

granuws for teatmernt anc conmoi of combined

sewer overllows and s:ormwater discharges
dunng wet-weather corcitions. The purpose

Is 10 assure tha: provects a4 funded only

when care~. S..ULNI 1l Zemenstated then

are cogi-erlizie.
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Lchbmnd&wOvuﬂam -
"4 Bockground .&:.:x.h.'r, e T €

~a 3 =

..‘-.p,

The costs and beneBts of control ¢ of varicus
 portions of pollution cue to combined sawer
over{lows and by-passes vary greatly wmith |
,undundemucaduunmmd N
” treatment system, the duration, hmmty
frequency sod areal extent of precipitation, *
 the fype and extent of development in the
" sernice area, and the characteristics. uses
.and water quality standards of the recesving
_ waters. Decisions on grants for control of |
" combined sewer gverflows. therefore, must
be made on s case-by-case basis after
detailed plaming at the local level
Where detailed planning has been
~ compisted, trestment or conoroi of pollotion
.. from wet-westher overflows and bypasses
- may be given priarity for construction grant
funds only afler provision has been made far
treatment of dry-westher flows in
__th. area. The detailed planning requirements
_;and criteria for project lpprvvd follow. —~

- - v T

&Plamuqkqmnmcnb " @eanipratl .

:’_“Cnnsmmumybolppmndfar -

control of pollution from combined sewer
ovuﬂomonlylfphnmnxfathopmjodm
a(baonghlymdlarlhnmycuphm

Tl - -

'TAltmun coatrol tzd:mquel wh!

cial uses. if appropriate} inciuding at
hutmndmxdmﬂmdnuthn - "
aulm'nnﬂmdna-ibedmlbcncuoncn

"mbmtd sewer and stormwater contel fn T =

'!‘.'Alternadn Wasts Management Techmquu
r‘md Best Practicable Waste Treatment™ -
_(SzcdonConnptamo!&ahfomdcn
% for comment tn March 1974}, =~ =’
2 The costs of achisving the various levels
;dpoﬂuﬁonwuuolbyudo{thc techniques
sppearing to be the most feasible and cost-
: effective after the preliminary analysis.
> 3. The benefits to the receiving waters ofs
< range of levels of pollution contrel durng
‘ wet-weather conditions. This analysis will
normally be conducted as part of State water
-quality management planning. 208 areawide
management pianning. ar other State. .
tegional or local planning efort
4. The costs and benefits of addition of
advanced waste treatment processes to dry-
weather lows in the ares.

€ Criteria for Project Approval

The fina] aiternative selected shall meet
the following cnteria:

1. The ansiysis required above has
demonstrated that the level of polluGon
eontrol provided will be necessary to protect
@ beneficial use of the receiving water even
afler technology based standards required by
Section 301 of P.L. 82-500 are schieved by
tndustnal point sources and at least
secondary treatment 1s achieved for dry-
weather municipal flows in the area.

2 Provision has alresdy been mads for
funding of secondary trestment of dry-
weather flows in the area.

3. The pollution control techaique proposed
for combined sewer overilow is 8 more cast-
eflective means of protecting the benelcial
use of the receiving waters than other
combined sewer poilution control techruques

N

and the addition of treatment higher than

-, secundary treaunent for dry-weadher

musicpal flows in the area. . . - -

4 The margiral coets are not lubttutnl
copared {0 margaai benefits. - -

Margnal costs and beaefits far each
altemadve may be displayed graphically to
8ssist with determining & project’s .-
sccepuabulity under tus citenca Dollar costs
should be compared with quantified poilution
reducton and water quality improvements. A
descriptive narrative sbould aiso be inciuded
analyzing monstary, social and
environmental costs compared to benefits.
particularly the siguficance of the beneficial
uses 1o be protected by the project.

IL Stormwater Discharges

Approaches for reducing pollution from
separate stormwater discharges are sow in
the early stages of deveiopment and -
evaluguon. We anticipate, however, that in
_mmany cases the bepefits obtained by
construction of treatment works for this -2
* purpose will be small compared with the
. costs, and other techniques of controi and
. preveauon will be more cost¢ffecive. The
* policy of the Agency is, therefors, that =- <
construction grants shall pot be ased for -+ .

T — . e =

PP

construction of treatment works to cootrol  ~_-
'« polluticn from separuta dischargesof . .. -

w be atilized to attain varicus levels of ~'x dormwater axcept onder unusual conditions bexachloroethane)

otion control (related to alternative --==22%

where tha project cleariy has been

demanstrated to meet the planning 4’*“‘3"

requirements and criteria described above for
combined sewer overflows, - T - -

—

This condition shounid. as & minimum. contaza
s provision suxalar 1o ke following
*The grantee expiicitly scknowlecges and
~ agrees that ccsts are ailowabie only to the
extent they are incurred for the water
poilution cor rol elements of tus project.”
Additonai specal conditions sboulc be
tnciuded as eppropnate w essure that the
grantee cleany understands which slementy
of the proiect are seligible for constructioa
grants uncer Pudlic Law §2-500. .

Appendix B~—8S Taxic Pollutants
Acenspathens .
Acoiein . - R
Acrylorutnle -
Aldnn/Dieidrin

Anumony and compounds?

Arnsenic and compounds

Asbestos - .
Benzene s g e m
Beandine e
Beryilium and compounds Rz
Cadmium and compounds  ___ __--  _
Carbon tetrachloride

Chlordane (technical mixture and -
. metabolites) . r -

Qlodmted benzenes {other than .. - =~

dichlorobenzenaes) AL n
Qlonnlxed ethanes (iocluding 1.2- - -

“ dichloroethane. 1.11-trichloroethane. and
A . B - TN
"‘Chloralkyl ethers (chioromathyl, chloroethyl,
't end muxed ethers)
Chlorinsted naphthalene . < ~ " ~s-

-

=A

:Chionnated phenois (other than those listed

jm.Mnhi-pwpoqupds m_J iz

—elsewhers: includes thnchlorophenois and
chlonnated cresols) - -

- AT

- Projects with multiple purpotes. such as  ~~_Chloroform T Crea D Tag
~. fisod controf and recreation tn eddition to T 2<hlorophenal N arem3taeiosium :
: pollution control. may be eligible for an . Chromium and compounds  S-=p e -

- amount not to exceed the cost of the most "‘,cappgrmdmpo\mds Aum £y, o

cost-effective single purpose poll

ution T

. Cyanides -z x:3& . .- Ak by

sbatement system. Normally the Separsble * ~ DDT and metabolites eas™ ™ 27 192 u.;

S Costa-Remaining Benefits (SCRB) method ;

should be used to allocate costs between
pollution control and other purposes.

—--a

+=! glthough tn anusual cases another method

may be appropriate. For such cost allocation,
the cost of the least cost pollution abatement
alternative may be used as ¢ substtute

measare of Ure benefits for that purpose. The

~"“method ls descnbed tn "Proposed Practces

for Economic Analyms of River Basin

Projects.” GPO. Washungton. D.C. 1958 and

*Efficiency in Government through Systems

Analysis.” by Roland N. McKean, joha Wiley
\& Sons. Inc., 1988

Enlargement of or otherwise adding to
combined sewer conveyance systems is one
means of reducing or eliminating fooding
caused by wet-weather conditicns. These
edditions may be designed so as to produce
some benefits in terms of reduced discharge
of poilutants to surrounding waterways. The
pollution controi benefits of such flood
control measures. however. are hkely to be
smail compared with the costs. and the
measures thereiore would normaily be
neiigible for funding undes the constuction
grants progam.

All uiti-purpose proiects where less than
10C% of the ccats are eug:ole for censtructen
graots under this poucy sbad conwain &
special grant conastion preciucung EPA
funa:ng i cez-foi .0 conirel elements

142

Dicnlmbm(lz\u-.tndl.l- -
- dichlorobenzenes) . -.- .- . ..

- Dichlorobenndine .-

Dichloroethylenes (1.1- ud 1.2- .-
dichloroethylene) L e T L.,

2 4-dichloropbenoi

Dichloropropane snd dichloropropene

t4-dimethyiphenol

Dinitrotoluene

Diphenyihydrazine

Endosuifan and metsbolites

Endrin and metabolites

Ethyibenzene

Fluorvanthene

Haloethers (other than those listed
elsewhere: includes chlorophenyliphenyl
ethers. bromophenyiphenyi ether.
bis(dischloroisopropyl)} ether, bis-
(chioroethoxy) methane and
poiychlonnated diphenyl ethers)

Halomethanes (other than those listed
elsewhere: includes methylene
chioromethyl<chlonde. methyibromde.
bromoiorm. dichiorodromometnane.
tnchiorofluoromethane.
dichlorodufluoromethane)

Heptachlor and metaboiites

Hexacc.crooutadiene

' As usea Uroughout this Appendix B the term
“somoounas” snad inciude orgenic snd inorgenic
comtounas.

g -Pe RF TR T
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C—
Hexachlorocyclohexane (all hom] Decrwe for ons or more of the following +*:- ¢ Ammonium Chioride
Hexachiorocyclopentadians ressons: (1) the pollutants of concarn arenot ¢ Ammonium Hydroxide
lsophorong — ~=-—— -0 - detectable in the effluent from the Industrial  * Banum Cnrbonau
Lead and compounds - User (paragraph 8(s){iil)); (2) the poilutants of ¢ Borax
Moercury and compounds concern ars present only in trace amounts » Boric Acid
Naphthalens - =~ -~ and are neither ca noe likely to cause ¢ Bromine -
Nicke! and compounds .- toxic effects S(a)i)) (S} the >.: . » Calcium Carbide
Nitrobenzene - ¥rwwy-- ¥ .- - pollutants of concers are present in amounts ¢ Calctum Carbonate -
Nitrophenols (Including 2.¢-dinitrophenol. 00 small to be effectively reduced by -~ = e Calcium Chloride

dinitrocresol) technologies known to tha Admunistrator ¢ Calcium Hydroxide
Nitrosamines - -.1. - . ¢ Calcium Oxide

Phthalate esters R
Polychlorinated biphcnyh (PCB.)
Polynuzisar aromsuc hydrocarbons
(including benzanthracenes.
uroranthene.
chrysenes. dibenzanthracenes. and -
{ndenopyrenes) - g
Selenium end compounds

.
IR i e
P

Auto and Other Laundries
--lnury Manufacturing - et

dain

Coal Mining e;i.—':‘{.—o:}%. :I"WI{L%_.-,

Coil Coating ;. & i -

Copper Forming il i It Thi

Elecmcalmdﬂccuvnic(:ow "'tr"

Electoplating . @2 o3 b, swaumern
losives

Foundries - ~--%--
- GmnndWéonmiah %hﬁt‘k:b i)
- Inorganic Chemicals Manufscturing i<
Iron and Steei Manufacturing L
Lsather Tanning and Finishing o
Mechanical Products Manufacturing ~ .2 ::
. Noaferrous Metals Manufacturing - .-
Ore Mining
Organic Chemiclh Manufacturing
Paint and Ink Formulstion
Pesticides
Petroleum Refining
Pharmaceutical Preparations
Photographic Equipment and Supplies
Plastics Processing
Plastic and Synthetic Materials
Manufacturing
Porceiain Enameling
Printing and Publishing
Pulp and Paper Mills
Rubber Processing
Soep and Detergent Manufacturing
Steam Electric Power Plants
Textile Mills
Timber Products Procesaing ~

Appeodix D—Selected Industnial
Subcategories Exempted From Regulation
Pursuant of Paragrapb 8 of the NRDC v.
Costie Consent Decree

The following industriai subcategones
have been excluded from further rulemaking
pursuant o paragraoh 8 ci the Natural
Resources Defense Couna: v. Costie Consent

e quninn&rbon&mﬂu
: Ol(hinnmA.IhhmBAttuhs

(ptnmph &a)Xiii)k or (4) thbe westastream
. dat

tains only which are v-as-"\-:
mmubhwithhm
AdXi)). lnmhlmdiﬂmnmh
were given {or exclusion under paragraph 8.
However, EPA has reviewed these
subcategories and has determined that
exclusion could bave occurred dus t0.00e of
the four reasons listed above.

L AT e

This list includes all subcategories that - =
have been excluded for the above-listed

reascns as of {date of publication in the =~-¢
rmmpmunwmb.mu :
Muﬂyfuhmdm

Mk

* Magnesiam Call Batteries

¢ Nickel Zinc Batteries -
P I

OSSNy 7 130
ﬂmxldﬂmwcw .
-« Carbon and Graphite Products o< el

'!lnd&p‘dhq nﬂmﬁug‘m.
¢ Fluorescent Lampe m wrat ?:.3
* Mhﬂ’ -—vé,‘ -IWEE - +.~

o Magnstic Coatings  <-_ PR
* Mica Paper -3.&: y*0h~ -t L SR BN
Electroploting *~ * —* T i
» Alkaline Cleaning
* Bright Dipping
¢ Chemical Machining
¢ Galvaniring
* Immersion Plating
¢ lridite Dipping
¢ Pickling
Explosives Industry
o Military Explosive Manulacturing
Foundries Industry
* Nickel Casting
¢ Tin Casting
¢ Titanium Casting
Gum and Wood Chemicals
¢ Char and Charcoal Briquets
¢ Gum Resin. Turpentine and Essential Oils
lIron and Steel Industry

< Basic Oxygen Furnace (Semiwet)
* Beelhuve Coke Process
¢ Electnic Arc Fumnace (Semiwet)

Inorganic Chemicals Manufacturing Industry
¢ Aluminum Sulfate

143

~_-_e Nitric Acid

e Carbon Dioxide .~
o Carbon Monoxide .~
e Chromic Acid )

o Cuprous Oxide

® Ferric Chloride

¢ Ferrous Sulfate

U Fluom iy

Hydrogen ,
. Hydmchloﬂc Acid

e Manganese Sulfate

Oxygentnleu-ogea

1 ¢ Potassium Chloride ..

+ Potassium Dichromats ~ +
¢ Potassium lodide -
® Potassium Metal =

- asgr

" ® Potassium Permanganats _ -
- ‘o -Potassium Sulfate

Ol
¢ Sodium Bicarbonate .
¢ Sodium Carbonate

reifrre—s Sodium Chloride 7 .. 0. I

» Sodium Fluoride -. ., -«
- 9.Sodium Hydrosulfide . ..’
¢ Sodium Metal |, v = o
o Sodium Sllicats ~ - ™
® Sodium Salfite " L:.r- -
-#eBodium Thiosulfste «mys
o-Stannic Oxdde - g~y -

o Sulfur Dioxide IR

o Sulfuric Acid

¢ Zinc Oxide

e Zinc Sulfate

Leather Industries

¢ Cloves

¢ Luggage

* Shoes and Related Footwear
* Personal Goods

Non Ferrous Metals Industry

¢ Primary Arsenic

= Primary Antimony

¢ Secondary Babbitt

¢ Primary Barium

¢ Secondary Beryllium
* Pnmary Bismuth

e Primary Boron

e Secondary Boron

¢ -Bauxite

¢ Secondary Cadmium
¢ Primary Calcium

¢ Pnmary Cesium

¢ Primary Chromium

¢ Primary Cobalt

® Secondary Cobalt

® Secondary Columbium
e Primary Calbum

¢ Primary Germanium
¢ Pnmary Gold

e Secondary Precious Metais
¢ Prumary Hafruum
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¢ Primary and Secondary Indium _ sovm,.ﬁ
e Primary Lithium ~= 9. -7 =% ® Wet Storage -
"o Primary Manganese . =T e Wood antn' ﬂnorpnla}?mau
e Primary Magnesium 2
¢ Secondary Magnesium .or PART 125—CRITERIA AND
- o Primary Mercwy ;. , _STANDARDS FOR THE NATIONAL
? Secondary Mereury “=% .- - - POLLUTANT DISCHARGE
. 'w'm’ ::: :ym - ELIMINATION SYSTEM
¢ Primary Ni
o Secondary Nickel . Subpart D—Criteris and Standards for
¢ Secondary Plutonium .’ ~ . Determining Fundamentally Different
¢ Primary Potassium Factors Under Sections 301(bX1XA),
¢ Primary Rare Earths e S01(b)2) (A) and (E) AnD 307(B)] OF
¢ Primary Rhenium THE ACT
¢ Secondary Rhenium
¢ Primary Rubidium *Z 40 CFR Part 125 subpart D is
_ ¢ Primary Platinum Group amended by deleting “and 307(b)" from
“ Primary Silicon . sthe title of the subpart.
:msﬂ%‘“ 3. 40 CFR § 125.3C is amended to read
. So’ |mm, sntalum as follows: ox
¢ Secondary Tin $ 12530 Purpoes and scope.
b Simend Kbl y (a) This subpart establishes the
+8 Secondary Tungsten _ ‘. _: .- criteria and standards to be used in

......

P T ]

- Paint and Ink Indus®y og. i 2

JESNE

»* Solvent Base Process “aies S - *-7mb ..a

. ® Solvent Wuh Process

determimn.g whether effluent limitations

- alternative to those required by
= plnmulgated EPA effluent limitations
;. guidelines under sections 301 and 304 of
the Act (hereinafier referred to as
,."nationnl limits™) should be imposed on

."a discharger because factors relating to

"_the discharger's facilities. equipment,
hvmandﬂoaﬁmlnduttry_____ - -—-—pwceuelarotherfactmnlatedlothe
o Asphalt Concrete ..:x- .. . - "1 " " discharger are fundamentally different

o Asphalt Emulsion ;. 7;. :. %  * from the factars considered by EPA in
:gﬂ":‘l:“ . th w =".x _ . S-development of the naticnal limits. This
“ Roof “'phn __:j-‘-—'» gt 1T -utubpnﬂappliestonnuﬁnulhmiu

£ . 3% promulgated under sections 301 and 304
MMWMW 1-of the Act, except for those contained in
‘ PoperIndustry . :: . "~ 40 CFR Part 423 (steam electric ~- -
¢ Convarted Puperlndnm'y e ' . generating point source category).

. Rubber Processing Industry (b) In establishing national limits, EPA

_* Latex-Dipped. Latex-Extruded. and Latex
" Molded Goods
¢ Latex Foam
¢ Smail-sized General Molded. Extruded and
Fabricated Rubber Plants ™
¢ Medium-sized General Molded. Extruded
and Fabricated Rubber Plants
¢ Large-sized Generai Molded. Extruded and
Fabricated Rubber Plants N
¢ Synthetic Crumb Rubber Production—
Emulsion Polymerization N
¢ Synthetic Crumb Rubber Production—
Solution Polymerization
¢ Synthetic Latex Rubber Production
¢ Tire & Inner Tube Production

Textile Industry

¢ Apparel Manufscturing

¢ Cordage and Twine

¢ Low Water Use Processing {Greige Mills)
* Padding and Upholltery Filling
Timber Products Processing

* Barking Process

* Finishung Processes

* Hardboard—Dry Procius

* Log Washing

* Parucleboard

* Planing Mills

¢ Savmlls

; takes into account all the information it

can collect. develop and solicit
regarding the factors listed in sections
304(b) and 304(g) of the Act.

"R Doc 1~ Niled 1-T-SL &4 em|
SILLING CODE 6380-33-M
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REVISED 9/30/85

NPDES NO.

*CA0038091
*CA0055531
*CA0053597
*CA0038628
*CA0037648
*CA0105279
‘CA

*CA0037940
*CAD110604
*CA

*CA0022756

*CA0079049
*CA0037613
*CA
*CA0037702
*CAU079171
*CA0107981
*CA0107395
*CA0023418
*CA0038377
*CA
*CA
*CA

*CAD048160

*CA0037656

*CA0105970
*CA
*CA0109991
CA0053953
CA0053856
*CA0053813
*CA0056014

AUTHORITY NAME

BENICIA, CITY OF
BURBANK, CITY OF
CAMARILLO S.D.
CENTRAL MARIN S.A.
CENTRAL CONTRA COSTA
CHINO BASIN MMN WD
CHINO CITY

OONTRA OOSTA COUNTY
CO SAN DIST OF ORAN
CUCAMONGA WTI'. DIST.
CRESCENT CITY

Davis, CITY OF
DUBLIN-SAN RAMON SD
EASTERN MUNICIPAL W
EAST BAY MUD

EAST YOLO COMM SERV
ESCONDIDO, CITY OF
ENCINA JT SEWERAGE
EUREKA
FATRFIELD-SUISUN SD
FONTANA, CITY OF

FRESND, CITY OF
GILROY, CITY OF
GOLFTA SANITARY DIS
HAYWARD, CITY OF
IRVINE RANCH WATER
JURUPA CO. SAN.

LA CITY PUB WRKS
LA CITY PUB WRKS
LA CITY PUB WRKS
LA COUNTY S.D,.

LAS VIRGENES MUNWD

CALIFORNIA
FACILITY NAME CITY NAME
BENICIA WWTIF BENICIA
BURBANK WWTF BURBANK
CAMARILLO WWTF CAMARILLO
CENTRAL MARIN SAN RAFAEL
CENTRAL OONTRA COSTA  MARTINEZ
CHINO BASIN REG TP#1  ONTARIO
CHINO
7-A W. PITTSBURG
OCSD STP NO 2 FOUNTAIN VAL,
CUCAMONGA
CRESCFNT CITY WWIF CRESCENT CITY
DAVIS WWIF DAVIS.
DUBLIN-SAN RAMON WWT  PLEASANTON
HEMET-SAN JACINTO WW  SAN JACINTO
EAST BAY MUD WWIF OAKLAND
WEST SACRAMENTO WWTF  W. SACRAMENTO
HALE AVENUE WWTF ESONDIDO
FNCINA JOINT POWERS CARLSBAD
HILL STREFT WWIF FUREKA
FAIRFIELD SUISUN WWT  FAIRFIFELD
FONTANA
FRESNQ WWTF FRIESNO
GILROY WWTF GILROY
GOLETA WWTF GOLETA
HAYWARD WWTF HAYWARD
MICHAFLSON WWTF IRVINE
RIVERSIDE
HYPERION WWTF LOS ANGELES
L.A. GLENDALE WWJP LOS ANGELES
TERMINAL ISLAND WWIF SAN PEDRO
JWPCP CARSON
TAPIA WWTF CALABASAS

69 Programs > 5 MGD

DISCHARGE
FLOW (MGD)

3.00
9.00+
6.75+
10.00+
35.00+
24 .50+

9.50+
227.00+

1.96

5.00
9.00+

3.50
128.00+
8.00+
16.50+
13.75+

1.09
15.58+

37.90+
0.09

10.50+

21.50+
4.00

352.30+
20.00
30.00

385.00+

8.00+

100 PROGRAMS REQUIRED

INDUSTRIAL
FLOW (MGD)

neg.
1.05
0.15
neg.
0.79
3.58

0.41
31.80

0.04

0.00
0.02

10.00
0.65
0.81
0.83
0.00
2.08

2.30

0.04
8.00
0.00

32.00
2.00
8.00

96.25
0.30

100 @ PROGRAMS

PROGRAM STATUS
APP  MO/YR

8/81
7/82
3/83
6/83
9/82
5/83
5/83
7/82
1/84
5/83
7/82

3/83
6/83
8/83
6/83
5/83
3/83
7/83
1/83
8/82
5/83

6/83
9/83
7/83
8/81
3/83
5/83
6/83

DD BDOOD DDV BDDBODDOP DBDODODDDDE®D

3/85
6/82

[ X )



LVl

NPDES NO.

*CA0038008
*CA0N79243
*CANN48127
*CA

*CA0079219
*CA0079103
*CA0048551
CA
*CA0037575
*CA0079472
*CA0037737

*CA0037958
*CA0053961
*CA0107433
*CA0039591
*CA0037834
*CA0037810
*CA0079731
*CA01NS759
*CAN105295
*CA0037729

*CA0105350

CA
*CA0079502
*CA
*CAQ079111
*CA0048101
*CA0105392
*CA0053651
*CA0107409
*CA0107999
*CA0038610

AUTHORITY NAME

LIVERMORE, CITY OF
LODI CITY OF
LoMPOC, CITY OF
MADFRA, CITY OF
MERCED, CITY OF
MODESTO, CITY OF
MONTEREY REGIONAL
MONTCLAIR

NAPA S.D.

NEWMAN, CITY OF

N. SAN MATEO CO SAN

NOVATO S.D.

OAK VIEW
OCEANSIDE, CITY OF
ORO-LOMA SAN DIST
PALO ALTO, CITY OF
PETALUMA, CITY OF
RENDING, CITY OF
REDLANDS, CITY OF
RIALTO, CITY OF
RICHMOND MUNICIPAL

RIVERSIDE, CITY OF
RIVERBANK, CITY OF
ROSEVILLE, CITY OF
RUBIDUX COMM. SD
SACRAMENTO REG CSD
SALINAS, CITY OF
SAN BERNARDINO,CITY
SAN BUENA VENTURA
SAN DIBGO, CITY OF
SAN DIEGO, COUNTY
SAN FRANCISCO,CITY

CALIFORNIA (Continued)

FACILITY NAME

LIVERMORE WWTF
WHITE SLOUGH WWTF
LOMPOC WWIF
MADERA STP

MERCED STP
MODESTO WWTF
MONTEREY REG. WWIF

NAPA SANIT. DIST WWT
NEWMAN WWTF
DALY CITY WWIF

NOVATO WWTF (MAIN)
OAK VIEW WWIF

LA SALINA WWIF
ORO LOMA WWIF
PALO ALTO WWTF
PETALUMA WWTF
REDDING REG WWTF
REDLANDS WWTF
RIALTO WWTF
RICHMOND WWTIF

RIVERSIDE CITY WWTF
RIVERBANK WWTF
ROSEVILLE WWIF

SACTO REG WWTF
SALINAS IND WWTF
SAN BERNARDINO WWTF
VENTURA WWTF

PT LOMA WWTF

SAN ELIJO JP REG SEW
N.POINT & SOUTHEAST

CITY NAME

LIVERMORE
LODI
LOMPOC
MADERA
MERCED
MODESTO
PACIFIC GROVE
MONTCLAIR
NAPA
NEWMAN
DALY CITY

NOVATO
VENTURA
OCEANSIDE
SAN LORENZO
PALO ALTO
PETALUMA
REDDING
REDLANDS
RIALTO
RICHMOND

RIVERSIDE
RIVERBANK
ROSEVILLE
RUBIDUX
SACRAMENTO
SALINAS

SAN BERNARDINO
VENTURA

SAN DIEGO
SAN DIEGO

SAN FRANCISCO

-DISCHARGE

FLOW {MGD)

6.25+
5.80+
5.00

9,20+
45.00+
16.30+

15.40+
0.85
5.40+

4.53
3.00
15.10+
20.00+
35.00+
2.64
8.80+
6.00+
6.00+
16.00+

21.75+
7.60
11.50+

150.00+
6.00+
28.00+
14.00+
116.89+
3.70
85,00+

INDUSTRIAL
FLOW (MGD)

0.55
0.86
0.08
0.03
0.43
10.00
2.80

0.30
0.00
0.05

neg.
0.20
0.32
0.80
6.00
0.60
0.00
0.00
0.20
1.00

3.00
7.00
0.25

11.50
2.71
1.50
0.25
8.40
0.00

neg.

APP

DOV ADDD®D D DDODDODODD® BDDODOBDEBDDMD

PROGRAM STATUS
MO/YR

8/83
3/83
7/83
9/83
3/83
3/83
5/83
5/83
5/83
4/83
6/83

9/82
5/83
12/82
8/82
/82
6/83
2/83
5/83
1/83
4/82

5/83

1/84
5/83
1/83
5/83
8/83
6/82
6/82
6/82
1/83



1148

NPDES NO.

*CAD037842
*CA0037745
*CA0049224
*CA0037541
*CA0048143
*CA0048194
*CA0048275
*7A0022764

A
*CAOU37711
*CA0055221

*CA0107417
*CA0038130
*CAN0102709
*CA0079138
*CAD037621
*CA0078948
*Ca0079154
*CA0056294
*CA0037591
*CA

*CA0077691

"A0037699
“CA
CA0054097
*CA0079189
*CA0048216
*CA0037974
*CA0077950
*CA0079260
*CA0107611
*CA
*CA0037788

AUTHORITY NAME

SAN JOSE, CITY OF
SAN LEANDRO, CITY
SAN LUIS OBISPO
SAN MATEO, CITY OF
SANTA BARBARA, CITY
SANTA CRUZ, CITY OF
SANTA MARIA, CITY
SANTA ROSA
SELMA-KINGS .~FLOWER
SO. MARIN SA

SIMI VALLEY COUNTY

SO EAST REG REC AUT
SO SAN FRAN DPT PUB
SOUTH TAHOE PUD
STOCKTON DEPT OF PU
SUNNYVALE, CITY OF
TURLOCK, CITY OF
TRACY, CITY OF
THOUSAND OAKS DPT
UNION SANITARY DIST
UPLAND, CITY OF
VACAVILLE DEPT OF P

VALLEJO SAN & FC DI
VENTURA RCSD
OXNARD, CITY OF
VISALIA, CITY OF
WATSONVILLE, CITY
WEST CONTRA OOSTA
WOODLAND, CITY OF
YUBA CITY, CITY OF
ALISO WAT MANAGEMNT
BAKERSFIELD, CITY
BURLINGAME, CITY OF

FACILITY NAME

SAN JOSE/SANTA CLARA
SAN LEANDRO WWTE

SAN LUIS OBISPO WWTF
SAN MATEO WWTF
SANTA BARBARA WWTF
SANTA CRUZ WWTF
PUBLIC ATRPORI WWTF
LAGUNA WWTF

SO.MARIN WWTF
SIMI VALLFY WWIF

SERRA REG WWTF

SO SF-SAN BRUNO WWTF
SOUTH TAHOE WWIF
STOCKTON REG. WWTIF
SUNNYVALE WWTF
TURLOCK WWTF

TRACY WWIF

HILL CANYON WWIF
ALVARADO #3 WWTF

EASTERLY WWIF
VSTED WWIF & RECL

OXNARD WWIF
VISALIA WWTF
WATSONVILLE WWTF
WCCSD WWTF
WOODLAND WWIF

YUBA CITY WWTF .
AWNA COASTAL WWTF
BAKERSFIELD WWIF #2
BURLINGAME WWIF

CITY NAME

SAN JOSE

SAN LEANDRO
SAN LUIS OBISPO
SAN MATEO
SANTA BARBARA
SANTA CRUZ
SANTA MARIA
SANTA ROSA
KINGSBURG
MILL VALLEY
SIMI VALLEY

DANA POINT
SO.SAN FRAN.
SO.LAKE TAHOE
STOCKTON
SUNNYVALE
TURLOCK
TRACY
CAMARILLO
UNION CITY
UPLAND
ELMIRA

VALLEJO
FILLMORE
OXNARD
VISALIA
WATSONVILLE
SAN PABLO
WOODLAND
YUBA CITY
SOUTH LAGUNA
BAKERSFIELD
BURLINGAME

DISCHARGE
FLOW (MGD)

160.00+
11.00+
5.10+
13.60+
11.00+
21.00+
2.90
15.00+

2.90
9.10+

17.80+
13.00+
7.00+
67.00+
21.38+
12.75+
5.50+
10.00+
4.50

10.00+

12.50+
+
22.50
7.70+
13.40+
12.50+
4.00
7.00+
2.50
15.00+
5.50+

INDUSTRIAL
FLOW (MGD)

40.00
3.10
0.50
0.00
0.19

« o o D) P
~N NN
o

-
OO~ OOPRO~O o0 O bt
L] .
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AN WOONO W
O OO0 O0OO0OW @8

o
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w

0.20

2.55
1.57
3.00
0.65

1.60
0.00
0.77
0.50

PROGRAM STATUS
APP MO/YR

1/83
4/82
5/83
9/83
3/83
10/83
7/83
6/83
6/83
6/83
6/82

2/83
2/83
6/82
6/82
6/82
9/82
3/83
6/82
9/81
5/83
3/83

7/82
6/82

5/83
5/83
4/82
8/83
7/82
2/83
9/85
1/84

DADDODDDD nw DOEDORODDODO®D MAODDDDBM®D D



6v1

NPDES NO.

*CA0105236
*CA0105848
*CAD037532
*CA

*CA0038369
*CA

*CA0053021

DELETIONS:
*CA

*CA0104426
*CA0078905

AUTHORITY NAME

COLTON, CITY OF
CORONA, CITY OF
MILLBRAE, CITY OF
SAN BERNARDINO Q0.
SOUTH BAYSIDE SYS A
ONTARIO, CITY OF
VENTURA R.C.S.D.

BACKSVILLE

EL CENTRO, CITY OF
REDDING, CITY OF
MOUNT VERNON CO. SA
VENECIA

CLARK CO.

SAN FRAN AIRPORT
PORTERVILLE, CITY OF

CALIFORNIA

FACILITY NAME

S BAYSIDE WWTF

FILLMORE WWIF

EL CENTRO WWIF
ENTERPRISES WWTF
MOUNT VERNON WWIF

(Continued)

CITY NAME

COLTON
QORONA
MILLBRAE

REDWOOD CITY

ONTARIO
FILLMORE

EL CENTRO
REDDING

PORTEERVILLE

DISCHARGE
FLOW (MGD)

5.40+

5.50+

3.00
26.00+

1.33

INDUSTRIAL
FLOW (MGD)

0.70
0.43
0.05
2.70

0.00

PROGRAM STATUS
APP MO/YR

6/85
3/85
1/84
9/85
6/85
7/83
9/83

DD D
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APPENDIX D.  TRIHALOMETHANE FORMATION

General

Trihalomethanes (THMs) are compounds characterized by a methane
structure with three hydrogen atoms replaced by halogen atoms. For
instance, chloroform (trichloromethane) has the structural formula
CHC13. Of the 16 PTOCs of interest, three are classified as THMs;
chloroform, bromodichloromethane, and chlorodibromomethane.

Under the appropriate conditions, the chlorination of wastewater
can lead to the formation of THMs. In this section, the important fac-
tors which affect the formation of THMs are described, along with
possible precursors, and formation and reaction mechanisms. Although a
comprehensive review of THM formation is beyond the scope of this study,
references are noted so that the reader may pursue additional infor-
mation on the subject.

Factors Affecting THM Formation

Several factors can influence the relative magnitude of THM for-
mation. These can be classified into three groups; (1) general
wastewater characteristics, (2) specific biological and chemical charac-
teristics of the wastewater, and (3) characteristics of the chlorination
system. A brief review of the factors associated with each group is
presented in the following subsections.

General wastewater characteristics

The two general wastewater conditions which can influence THM for-
mation are pH and temperature. From a practical standpoint, the
wastewater pH should have a very small impact on haloform reactions.
This is due to the typically narrow pH range of most wastewaters. Dore
et. al. (1982) found that the THM yield peaked at much higher pH values
than are usually observed in municipal wastewater. However, the peak
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was found to be a function of the halogen compound used and the precur-
sors present.

Changes in the temperature of the wastewater affect the reaction
rate of THM formation and competing reactions. As with pH, a typically
narrow wastewater temperature range leads to the conclusion that tem-
perature does not significantly influence THM formation.

Specific biological and chemical characteristics of the wastewater

Competing halogens, ammonia, precursor compounds, and chemical and
biological agents which lead to the formation of precursors, can all
affect the quantity of individual THMs which are formed as a result of
the chlorination of wastewater. The effects of competing halogens and
ammonia will be discussed here. Precursors and precursor formation are
addressed later.

Three halogens which may be present in wastewater are chlorine,
bromine, and iodine, with iodine considered to be present in insignifi-
cant amounts relative to chlorine and bromine. Chlorine and bromine can
react to form hypochlorous and hypobromous acid, respectively, which
when exposed to the appropriate precursors lead to the formation of
chlorinated and brominated THMs (Dore et al., 1982). In general,
hypochlorous acid is considered to be more reactive with THM precursors
than is hypobromous acid (Dore et al., 1982). However, brominated spe-
cies have been found to be significant, even at high chlorine doses (Amy

et al., 1984).

The presence of ammonia in wastewater plays an important role in
the formation of trihalomethanes. Naturally occurring or added ammonia
reacts with available chlorine to form chloramines, thus exerting a free
chlorine demand and reducing the ultimate trihalomethane levels. It is
generally believed that chloramines do not react to form THMs (Amy et
al., 1984). However, Riznychok et. al. (1983) has suggested that
chloramines are part of the total combined available chlorine which can
react to form THMs. 1In éither case, the presencé of ammonia appears to
reduce, but not totally eliminate THM production. The lack of complete

|
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inhibition suggests that the reactivity of some precursors may be very
high (Dore et al., 1982). It has been observed that complete elimina-
tion of THMs in chlorinated water containing humic substances is rare
(Amy et al., 1984). Furthermore, greater quantities of THMS were formed
during the chlorination of nitrified (ammonia reduced) effluent than

during the chlorination in non-nitrified wastewater effluent (Chow and
Raberts, 1981).

The significant effect of ammonia on THM formation suggests the
importance of the degree of nitrification and the point of chlorine
application. For instance, a sewage treatment plant that discharges to
a sensitive receiving water may be required to meet stringent ammonia
discharge standards. A high degree of nitrification before chlorination
favors the formation of THMs. The opposite would be true for wastewa-
ters with high ammonia concentrations and sewage treatment plants not
designed for ammonia removal.

Characteristics of the chlorination system

Three important characteristics of the chlorination system are the
chlorine dose, reaction time, and the location of chlorine addition.

The formation of trihalomethanes has been shown to be proportional
to the chlorine dose, or amount of chlorine added to the wastewater per
unit time (Dore et al., 1982; Amy et al., 1984). For a better
understanding of the effect that the chlorine dose has on the THM yield,
breakpoint chlorination and chlorine breakpoint curves should be con-
sidered. A thorough review of breakpoint chlorination is beyond the

scope of this work.

The reaction time during which trihalomethanes can form after
chlorine addition is important, but not well understood for wastewater
streams. The reaction time is dependent upon the wastewater flowrate
and the residence time in the chlorine contact and effluent outfall
systems. The use and location of dechlorination systems are also impor-
tant factors. Chloroform, bromodichloromethane, and chlorodibromo-
methane have all been shown to increase with increases in the reaction
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time (Cooper et. al., 1983). Dechlorination tends to reduce, but not
completely eliminate THM yields, even after a very short reaction time
of 2 minutes (Helz et al., 1985). This suggests that the chemical pro-

cesses involved in the production of THMs occur rapidly after chlorine
addition.

The location of chlorine addition can seriously impact the relative
significance of THM formation. Where disinfection is necessary, final
effluent is typically chlorinated. However, some facilities require
chlorination of the influent to control odors, and some require chlori-
nated odor control on the influent, as well as disinfection by chlorina-
tion of the effluent, stream. If the influent stream is chlorinated,
several mechanisms can affect the THM yield. For instance, without
influent dechlorination the increased reaction time and precursor con-
centration tend to favor an increase in the THM yield, while a higher
ammonia concentration in the influent stream favors a reduction in the
yield. 1In addition, the precursor concentration may actually be lower
in the influent stream as precursors may form during biological treat-
ment later in the treatment process.

Precursors

Although it would be desirable to be able to correlate the for-
mation of trihalomethanes with a common organic parameter such as BOD or
COD, such correlations are not possible, as the formation of THMs is
closely related to the chemical structure of the precursor compounds
(Dore et al., 1982; Takehisa et al., 1985). The most commonly noted THM
percursors are humic substances (Amy et al., 1984). Takehisa et al.
(1985) observed that both humic acid and fulvic acid in natural water
were precursors leading to the formation of THMs in drinking water.

Aquatic algae and their metabolic products can produce precursors
of THMs, but the precursor molecules have not been identified conclusi-
vely (Itoh et al., 1985). Acetoacetic acid, known to be an intermediate
of fatty acid catabolism, is typically produced by sewage bacteria
during the biodegradation of organic materials (Itoh et al., 1985). In
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addition, the chlorination of a solution containing acetoacetic acid led
to a chloroform yield of 55.5% on a molar basis, and it was suggested
that between 51 - 87% of the total chloroform yield of a wastewater was
explained by reactions involving acetoacetic acid (Itoh et al., 1985).

Dore et. al. (1982) studied a number of potential precursors and
the chloroform yield when waters containing those precursors were spiked
with a known amount of chlorine. Potentially significant precursors
were noted to be those compounds bearing acetyl groups, and those com-
pounds susceptible to forming acetyl groups by oxidation. The precur-
sors that were studied had a wide range of molar percent yields of
chloroform, ranging from 0.15% for acetone, to 91.5% for resorcinol.
Additional precursors and their molar percent yields included phenol
(0.4%), pyruvic acid (1%), acetophenone (1.2%), phloroglucinol (55%),
and acetyl acetone (91%).

Reaction Mechanisms

The reactions of greatest concern are the THM formation reaction
and the chloramine formation reaction. The reaction between hypoch-
lorous acid and ammonia to form chloramines has a reaction rate on the
order of 1.0 x 106 L/mol-s. Such a high rate would tend to indicate a
low amount of THM formation when ammonia is present during chlorination.
However, THMs have been observed to form even under such conditions.
Cooper et al. (1983) suggested that such results can be explained by a
multi-step process for THM formation. The first step is believed to be
relatively fast with respect to the hypochlorous acid / ammonia reac-
tion. Slower formation reactions follow for a period of 24 hours or
more after chlorination. Amy et al. (1984) also observed an initial THM
formation rate that is competitive with the formation of chloramines.
It was suggested that following the initial step the THM formation
mechanism is slow, but it acts in parallel with the chloramine formation
mechanism. The THM formation peak has been noted to occur approximately
15 minutes after the initial chlorine contact (Riznychok et al., 1983).
The overall time frame for formation has been observed to be on the

order of days (Kavanaugh et al., 1980).
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Emissions of Trihalomethanes Following Chlorination

Volatile emissions of THMs following chlorination can be signifi-
cantly affected by the location of chlorination, as well as effluent
outfall characteristics. For instance, if the wastewater is chlorinated
as influent, THMs have ample opportunity to volatilize throughout the
entire treatment process. If the effluent is chlorinated at the sewage
treatment plant and then conveyed to an ultimate receiving water, the
characteristics of the effluent outfall line (e.g., open, enclosed,
vented, length, etc.) can affect emissions during outfall. The nature
of the receiving system is also very important. While volatilization
may not occur at the sewage treatment plant or in the outfall line, if
the effluent is discharged to a surface receiving water the THMs are
likely to volatilize downstream.

Summary

Trihalomethanes form during the chlorination of municipal
wastewater. However, studies to date have focussed upon drinking water
chlorination, and an understanding of THM formation during wastewater
treatment is incomplete. The most important factors that affect THM
formation are the presence of competing halogens, ammonia that competes
for available chlorine, and organic precursors. The chlorine dose,
reaction time, and the location of chlorine addition are also factors
that affect THM formation. The most important precursors appear to be
humic substances that bear acetyl groups. The reaction between such
precursors and hypochlorous acid is able to compete with the formation
of chloramines for a short period of time following the initial chlorine
contact. Thus, even in the presence of ammonia, some degree of THM for-
mation is expected to occur. Finally, the importance of the generated
chloroform with respect to airborne emissions is believed to be depen-
dent upon the location of chlorine addition and the effluent outfall

characteristics.
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PROGRAM WEST (WORST-CASE EMISSIONS DURING SEWAGE TREATMENT)

DEVELOPED BY: RICHARD L. CORSI

UNIVERSITY OF CALIFORNIA AT DAVIS
DECEMBER 1986

PROGRAM WEST UTILIZES AVERAGE FLOW AND CONCENTRATION DATA THAT
ARE STORED IN EXTERNAL FILE COUNTY.DAT. THESE DATA ARE THEN USED
TO COMPUTE AVERAGE EMISSION RATES FROM INDIVIDUAL WASTEWATER
TREATMENT PLANTS. EMISSIONS FROM INDIVIDUAL PLANTS ARE OUTPUT TO

EXTERNAL FILE EMSTP.PRT. COUNTY-BY-COUNTY EMISSIONS ARE OUTPUT
TO EXTERNAL FILE CSUM.PRT.

REAL PR(16),SUMS(16),SUMC(16),C(16),CFLO(58), TOTF(58),PFLOW(58)
1,EQUT(16),SR(16),SLUMC(16),SLUMS(16)

OPEN(UNIT=3,FILE=’CSUM.PRT’,STATUS='NEW’)
OPEN(UNIT=5,FILE="COUNTY.DAT’ ,STATUS=’OLD’)
OPEN(UNIT=6,FILE="EMSTP.PRT’,STATUS='NEW"’)

THROUGHOUT ANALYSIS, THE FOLLOWING SUBSCRIPTS ARE USED:

ACRYLONITRILE
BENZENE
BROMODICHLOROMETHANE
CARBON TETRACHLORIDE
CHLOROBENZENE
CHLOROFORM
DIBROMOOCBLOROBENZENE
1,1 DICHLOROETHYLENE
ETHBYLBENZENE

10 1,2 DICHLOROETHANE

11 METHYLENE CHLORIDE

12  PERCHLOROETHYLENE

13  TOLUENE

14 1,1,1 TRICHLOROETHANE
15 TRICHLOROETBYLENE

16  VINYL CHLORIDE

WO N WN -

ASSIGN THE FRACTIONAL REMOVAL EFFICIENCIES

PR(1)=0.90
PR(2)=0.72
PR(3)=0.90
PR(4)=0.95
PR(5)=0.87
PR(6)=0.90
PR(7)=0.90
PR(8)=0.77
PR(9)=0.84
PR(10)=0.97
PR(11)=0.65
PR(12)=0.78
PR(13)=0.89
PR(14)=0.79
PR(15)=0.83
PR(16)=1.0

ASSIGN THE SLUDGE ADSORPTION FACTORS

SR(1)
SR(2)
SR(3)=0.0
SR(4)=0.043
SR(5)=0.051
SR(6)=0.0067
SR(7)=0.0
SR(8)=0.0
SR(9)=0.043 "
SR(10)=0.011

.0
.01

OO0 O0
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=0.0798
SR(12)=0.0414
SR(13)=0.0974
SR(14)=0.0067
SR(15)=0.0408
SR(16)=0.0126

READ NUMBER OF COUNTIES IN DATABASE COUNTY.DAT (NC)
READ(b, *)NC

INITIALIZE THE STATEWIDE EMISSIONS AND SLUDGE TOTALS

DO 9 MM=1,16,1
SUMS(MM)=0.0
SLUMS(MM)=0.0

CONTINUE

SUMD=0.0

SUMF=0.0

aQaaa aaaQ

©

LOOP THROUGH THE COUNTIES

I=COUNTY NUMBER (1=ALAMEDA ...... b58=YUBA)

DO 10 I=1,NC,1
ICTY = COUNTY NUMBER; NP = NUMBER OF PLANTS IN COUNTY ICTY
READ(5,*)ICTY,NP
INITIALIZE THE EMISSIONS AND SLUDGE TOTALS FOR COUNTY I
DO 11 MM=1,16,1
SUMC(MM)=0.0

SLUMC(MM)=0.0
1 CONTINUE

Qo QO Qo

INITIALIZE THE TOTAL FLOW (TOTF) FOR COUNTY I, AND FLOW
(CFLO) ACCOUNTED FOR BY MWTPS WITH CONCENTRATION DATA

aaaaar-

TOTF(1)=0.0
CFLO(I)=0.0

LOOP THROUGH ALL NP PLANTS IN COUNTY I

Qaaa

DO 20 J=1,NP,1
SPLANT=0.0
READ(5,1000)

IFLAG INDICATES THE DEGREE OF AVAILABLE DATA
READ(5,1050) IFLAG

READ FLOW DATA AND ASSIGN THE MOST APPROPRIATE FLOWRATE

AF IS THE TOTAL FLOW LISTED IN THE NEEDS DATA BASE;
AIND IS THE INDUSTRIAL FLOW; ACT IS AN UPDATED FLOWRATE IF SUCH
A VALUE IS AVAILABLE. ALL FLOWS ARE READ AS MGD.

READ(5,1100)AF, AIND, ACT
SELECT APPROPRIATE FLOWRATE
IF(ACT .EQ. 0.0)THEN
FLOW=AF
ELSE
FLOW=ACT
END IF

COMPLETE SUMMATION OF FLOWS IN COUNTY I

aaQa aQaaaaQa aaQ

[oXoXeo]

TOTF(I)=TOTF(I)+FLOW
SUMF=8SUMF+FLOW
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CODE (IUP) TO INDICATE IF THE DATA IN COUNTY.DAT IS UPDATED

IF(ACT .GT. 0.0)THEN
1UP=1

ELSE
I0P=0

END IF

DEFINE THE FRACTION INDUSTRIAL FLOW (R)
R=AIND/FLOW

Qo Qaa

ANALYSIS FOR STPS WITH KNOWN INFLUENT AND EFFLUENT DATA

IF(IFLAG .EQ. 1 .OR. IFLAG .EQ. 3)THEN
CFLO(1)=CFLO(I)+FLOW ‘
SUMD=SUMD+FLOW

LOOP THROUGH EACH OF THE 16 PTOCS

DO 30 M=1,16,1
READ(6,1200)CI,CE, ICODE
SLOUT=SR(M)*FLOW*CI%1.52E-3
IF(ICODE .EQ. 5)THEN

IF(CE .GT. CI)THEN
IF(M .EQ. 3 .OR. M .EQ. 6 .OR. M .EQ. 7)THEN
D=CI*PR(M)
ELSE
D=0.0
END IF
ELSE
D=CI-CE
END IF
ELSE IF(ICODE .EQ. 2)THEN
D=CI
ELSE
D=0.0
END IF

aaa

C CALCULATE THE EMISSION RATE (EOUT) IN TONS/YEAR
c

EQUT (M) =DXFLOW*1.52E-3

SPLANT=SPLANT+EOUT (M)

SUMC (M) =SUMC(M)+EOUT(M)
SUMS (M) =SUMS (M)+EOUT (M)
SLUMC (M)=SLUMC(M)+SLOUT
SLUMS (M) =SLUMS (M) +5LOUT

30 CONTINUE
WRITE(6,1300)ICTY,J,SPLANT, (EOUT(LM),LM=2,16,1)

ANALYSIS FOR STPS WITH KNOWN INFLUENT DATA

aaaQ

ELSE IF(IFLAG .EQ. 2)THEN
CFLO(I)=CFLO(I)+FLOW
SUMD=SUMD+FLOW
DO 40 M=1,16,1

READ(5,1400)CI, ICODE
SLOUT=SR(M)*FLOWXCI*1.52E-3
IF(ICODE .EQ. 5)THEN
D=PR(M)*CI
ELSE
D=0.0
END IF
EOUT(M)=D*FLOWx1, 52E-3
SPLANT=SPLANT+EOQUT (M)
SUMC(M)=SUMC(M)+EOUT (M)
SUMS (M) =SUMS (M) +EOUT (M)
SLUMC (M)=SLUMC(M)+SLOUT
SLUMS (M) =SLUMS (M) +SLOUT
40 CONTINUE
WRITE(G,1300)ICTY,J.SPLANT.(EOUT(LM),LM=2,16,1)
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c ANALYSIS FOR STPS WITH KNOWN INFLUENT DATA

ELSE IF(IFLAG .EQ. 2)THEN
CFLO(L)=CFLO(I)+FLOW
SUMD=SUMD+FLOW
DO 40 M=1,18,1

READ(5,1400)C1,ICODE
SLOUT=SR(M)*FLOW*CI*1.52E-3
IF(ICODE .EQ. 5)THEN
D=PR(M)*CI
ELSE
D=0.0
END IF
EQUT(M)=DXFLOWX1.52E-3
SPLANT=SPLANT+EQUT (M)
SUMC(M)=SUMC(M)+EOUT (M)
SUMS (M) =5UMS(M)+EQUT (M)
SLUMC(M)=SLUMC(M)+SLOUT
SLUMS (M)=SLUMS(M)+SLOUT
40 CONTINUE
WRITE(6,1300)ICTY,J, SPLANT, (EOUT(LM),LM=2,16,1)

ENTER THE EXTRAPOLATION SEGMENT
ELSE

EXTRAPOLATE CONCENTRATIONS TO THOSE STPS WITH NO INDUSTRIAL FLOW

IF(R .EQ. 0.0)THEN
C(1)=0.0
C(2)=0.60
C(3)=0.13
C(4)=0.0
C(5)=0.0
C(6)=11.2
C(7)=0.17
C(8)=0.0
C(9)=0.32
C(10)=0.30
C(11 .93
c(12 .25
C(13 .36
C(14)=2.13
C(15)=1.42
C(16)=0.0

ELSE

c
C EXTRAPOLATE CONCENTRATIONS TO STPS IN THE INLAND VALLEY

IF(ICTY .EQ. 4 .OR. ICTY .EQ. 6 .OR. ICTY .EQ. 10 .OR.
ICTY .EQ. 11 .OR. ICTY .EQ. 13 .OR. ICTY .EQ. 15 .OR.
ICTY .EQ. 16 .OR. ICTY .EQ. 20 .OR. ICTY .EQ. 24 .OR.
ICTY .EQ. 34 .OR. ICTY .EQ. 39 .OR. ICTY .EQ. 45 .OR.
ICTY .EQ. 45 .OR. ICTY .EQ. 50 .OR. ICTY .EQ. 51 .OR.
ICTY .EQ. 52 .OR. ICTY .EQ. 54 .OR. ICTY .EQ. 57 .OR.
ICTY .EQ. 58)THEN

8%R
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8.47*R
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€(10)=0.0
C(11)=30.06*R
C(12)=104.18*R
C(13)=64.61*R
C(14)=22.38%R
C(15)=1B7.T*R
C(16)%0.0
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EXTRAPOLATE CONCENTRATIONS TO STPS IN CONTRA COSTA AND SOLANO

COUNTIES

ELSE IF(ICTY .EQ.
C(1)=0.0
C(2)=23.3%R
C(3)=0.0
C(4)=0.0
C(5)=0.0
C(6)=548.6%R
C(7)=0.0
C(8)=0.0
C(9)=30.74%R .
C(10)=7.69%R
C(11)=555.3%R
C(12)=254.2%R
C(13)=161.7*%R
C(14)=34.97%R
C(15)=64.65%R
C(16)=0.0

EXTRAPOLATE CONCENTRATIONS
COUNTIES

ELSE IF(ICTY .EQ.

C(1)=0.0
C(2)=21.2*R
C(3)=1.6%R
C(4)=16.82%R
C(5)=0.0
C(6)=65.03%R
C(7)=0.93%R
C(8)=11.71xR
C(9)=9.55%R
C(10)=0.0
C(11)=1T74.45*R
.C(12)=168.89%R
C(13)=182.59*%R
C(14)=88.T1*R
C(15)=27.68%R
€(16)=0.0

EXTRAPOLATE CONCENTRATIONS

ELSE IF(ICTY .EQ.

C(1)=0.0
C(2)=9.9%R
C(3)=1.94%R
C(4)=0.0
C(5)=81.18%R
C(6)=178.8%R
C(7)=0.0
C(8)=54.93*R
C(9)=51.78%R
C(10)=120.94%R
C(11)=102.88%R
C(12)=273.27%R
C(13)=200.31%R
C(14)=116.49%R
C(15)=111.29*R
C(16)=0.0

EXTRAPOLATE CONCENTRATIONS

ELSE IF(ICTY .EQ.

C(1)=0.0
C(2)=124.57*R
C(3)=2.43%R
C(4)=1.52%R
C(5)=0.66%R
C(8)=161.63*R
C(7)=0.62%R

7 .OR. ICTY .EQ. 48)THEN

TO STPS IN ALAMEDA AND SANTA CLARA

1 _OR. ICTY .EQ. 43)THEN

TO STPS IN SAN MATEQ AND SF COUNTIES
38 .OR. ICTY .EQ. 41)THEN

TO STPS IN LA AND ORANGE COUNTIES
19 .OR. ICTY .EQ. 30)THEN
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C(8)=7.38%R
C(9)=115.2xR
C(10)=22.29%R
C(11)=589.1%R
C(12)=395.89%R
C(13)=589.6%R
C(14)=442.4*R
C(15)=60.86*R
C(16)=12.87*R

EXTRAPOLATE CONCENTRATIONS TO STPS IN VENTURA COUNTY

ELSE IF(ICTY .EQ. 56)THEN
C(1)=0.0 '
C(2)=73.2*R
C(3)=33.6%R
C(4)=0.0
C(5)=0.0
C(6)=113.19%R
C(7)=15.4%R
C(8)=38.5%R
C(9)=14.0%R
C(10)=0.0
C(11)=0.0
C(12)=230.3%R
C(13)=51.8%R
C(14)=228.2*%R
C(15)=10.5%R
C(18)=0.0

EXTRAPOLATE CONCENTRATIONS TO STPS IN RIVERSIDE, SAN BERNARDINO,
AND SAN DIEGO COUNTIES

ELSE IF(ICTY .EQ. 33 .OR. ICTY .EQ. 36 .OR. ICTY
.EQ. 37)THEN

C(1)=0.0
C(2)=45.61%R
C(3)=12.47*R
C(4)=0.0
C(5)=0.0
C(6)=69.71%R
C(7)=0.0
C(8)=0.36%R
C(9)=97.98%R
C(10)=0.0
C(11)=176.35%R
C(12)=64.67*R
C(13)=367.10%R
C(14)=47.09*R
C(15)=2.93*%R
C(16)=0.0

EXTRAPOLATE CONCENTRATIONS TO THOSE COUNTIES NOT LISTED ABOVE

ELSE
C(1)=0.0
C(2)=0.60
C(3)=0.13
€(4)=0.0
€(5)=0.0
c(6)=11.2
C(7)=0.17
€(8)=0.0
€(9)=0.32
C(10)=0.3
C(11)=6.93
C(12)=4.25
C(13)=4.35
C(14)=2.13
C(15)=1.42
C(16)=0.00

END IF'
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ESTIMATE THE EMISSION RATE (EOUT).. (TONS/YEAR) FOR THE STPS
WITHOUT KNOWN INFLUENT OR INFLUENT/EFFLUENT DA%A

END IF
DO 50 M=1,186,1
SLOUT=C(M)*FLOWXSR(M)*1.52E-3
D=C(M)*PR(M)
EOUT (M) =D*FLOW*1.52E-3
SPLANT=SPLANT+EOQUT (M)
SUMC(M)=SUMC(M)+EQUT(M)
SUMS (M) =SUMS (M) +EOUT (M)
SLUMC(M)=SLUMC(M)+SLOUT
SLUMS (M) =SLUMS (M)+SLOUT
CONTINUE
ENgR%gE(G.1300)ICTY,J,SPLANT,(EOUT(LM).LH=2,16.1)
CONTINUE

COMPUTE THE TOTAL EMISSIONS FOR EACH PTOC IN COUNTY I

SUM=0.0

SLUD=0.0

DO 60 L=1,16,1
SUM=SUM+SUMC (L)
SLUD=SLUD+SLUMC(L)

CONTINUE

COUNTY QUTPUT: TOTAL EMISSIONS (8UM), SPECIATED EMISSIONS (SUMC),
ggEAL REMOVAL IN SLUDGE (SLUD), SPECIATED REMOVAL IN SLUDGE,.
MC

WRITE(3,1500)1,SUM, (SUMC(LM),LM=2,16,1),
SLUD, (SLUMC(LM),LM=2,16,1)
CONTINUE

OUTPUT STATEWIDE LOSSES IN SLUDGE STREAMS (SPECIATED = SLUMS;
TOTAL = SSLUG), AND EMISSIONS (SUMS).

SSLUG=0.0
DO 70 M=1,16,1
SSLUG=SSLUG+SLUMS (M)
CONTINUE
WRITE(3,1600)SSLUG, (SLUMS(LM),LM=2,16,1)
WRITE(3,1700)(SUMS(M),M=1,16,1)

FORMAT GROUPING

FORMAT (1X)

FORMAT(I2)
FORMAT(1X,F9.2,11X,F9.2,21X,F8.2,/)
FORMAT(11X,F9.2,21X,F9.2,11X,110)
FORMAT(2(1X,12),16(1X,F6.2))
FORMAT(11X,F9.2,41X,110)
FORMAT(1X,12,16(1X,F6.2),/,3X,16(1X,F6.2))
FORMAT(//,3X,16(1X,F6.2))
FORMAT(5(/),16(1X,F6.2))

END
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APPENDIX F: DATA BASE STRUCTURE

In this appendix, descriptions of four data files, submitted to the
staff of the CARB for future analyses relative to MWTPs, are provided.
Three of the four files (TTRAIN, POTW, and SLUDGE) are related by MWTP
facility numbers to establish a "linked” data base structure. Those
three files contain records associated with individual MWTPs in
California. File COUNTY contains information regarding emissions of
PTOCs and PTOC removals in sludge streams throughout individual coun-
ties. Descriptions of the data records and data fields are provided

below for each file. Equivalent FORTRAN field formats are listed for
each data field.

POTW

File POTW contains information related to the 1location, flow
characteristics, and estimated emissions from every MWTP identified in
this study. All emissions estimates are reported in tons/year to two
decimal places. Those listed as 0.00 should be assumed to be less than
10 1b/year. The most recent annual average flowrates were used whenever
possible (i.e., for most of the MWTPs identified in Table 13 of this
report). Otherwise, average dry weather flowrates from the NEEDS data
base were used. Latitude and longitude coordinates were also extracted
from the NEEDS data base, although coordinates for a small number of the
facilities were not available. Most of the location coordinates
correspond to the site of effluent discharge, which in some cases may be
several miles from the actual treatment facility. The record for each

MWTP has the following two-line structure.

SNME CNUM SNUM FNUM LA LO TF IF TEM P2 P3 ........ P6
P7 P8 P9 +eceeseresssecssess P16

SNME  Name of facility columns  1-25 A25

CNUM  County number 28-29 12

SNUM  Plant number in county CNUM 32-33 12

FNUM Facility ID number ) 36-43 18

LA Latitude (degrees.minutes,secondS) 46-52 F7.4
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LO Longitude(* ") 55-62  F8.4

TF Total flow (MGD) 65-70 F6.2
IF Industrial flow (MGD) 73-77 F5.2
TEM Total PTOC emissions 80-85 F6.2
P2 Benzene emissions 88-93 F6.2
P3 Bromodichloromethane emissions 96-101

P4 Carbon tetrachloride emissions 104-109

P5 Chlorobenzene emissions 112-117

Pé6 Chloroform emissions 120-125

P7 Dibromochloromethane emissions 1-6

P8 1,1 Dichloroethylene emissions 9-14

P9 Ethylbenzene emissions 17-22

P10 1,2 Dichloroethane emissions 25-30

P11l Methylene chloride emissions 33-38

P12 Perchloroethylene emissions 41-46 F6.2
P13 Toluene emissions 49-54

P14 1,1,1 Trichloroethane emissions 57-62

P15 Trichloroethylene emissions 65-70

P16 Vinyl chloride emissions 73-78

TTRAIN

File TTRAIN contains information regarding specific treatment pro-
cesses at individual MWTPs. Twenty-eight treatment processes were cho-
sen for entry into the data base. A 1 was entered in the record field
if the MWTP utilizes the indicated process. Otherwise, a 0 was entered
in the process data field. It should be noted that the treatment train
data was extracted from the NEEDS data base which was observed to be
outdated for some of the MWTPs. For major MWTPs, such as the eight that
were visited for this study (Appendix G), revisions were made to the
data base using more recent data. In addition, TTRAIN only indicates
whether or not a process exists at a specific MWTP, and not where that
process is located with respect to other processes in the treatment
train. We have found that the use of TTRAIN with commercially available
data base software can be valuable for readily identifying MWTPs in
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California that utilize specific treatment processes (e.g., pure-oxygen
activated sludge, multi-media filtration, etc.). The record for each
MWTP consists of one row of data as indicated below.

FNUM PR1 PR2 PR3 ..... teseccesccsessssesssssssees PR27 PR28
FNUM  Facility ID number Columns 1-8 18
PR1 Bar screening 11 11
PR2 Grit or scum removal 14 I1
PR3 Comminution 17 11
PR4 Flow equalization 20 11
PR5 Pre-aeration 23 11
PRé Primary clarification 26 11
PR7 Non-aerated ponds 29 I1
PR8 Aerated lagoons 32 I1
PR9 Trickling filters 35 11
PR10 Attached growth processes 38 11
PR1l Conventional activated sludge 41 I1
PR12 Pure-oxygen activated sludge 44 I1
PR13 Oxidation ditch 47 11
PR14 Other suspended growth processes 50 I1
PR15 Land treatment 53 11
PR16 Secondary clarification 56 11
PR17 Sand filtration 59 11
PR18 Mixed media filtration 62 I1
PR19 Pressure filtration 65 11
PR20 Rock filtration 68 I1
PR21 Other filtration 71 I1
PR22 Activated carbon treatment 74 I1
PR23 Neutralization 77 11
PR24 Breakpoint chlorination 80 11
PR25 Ammonia stripping 83 I1
PR26 Dechlorination 86 11
PR27 Post-aeration 89 11
PR28 Chlorination 92 I1
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SLUDGE

File SLUDGE contains information associated with sludge treatment
and disposal operations at individual MWTPs. Identification of an
existing process is completed by the code described in TTRAIN (0 = does
not utilize; 1 = does utilize). The sludge treatment and disposal
characteristics were extracted from the NEEDS data base and are subject

to the uncertainties noted previously for POTW and TTRAIN. The record
for each MWTP consists of one row as indicated below.

FNUM STl ST2 ....... ST9 SD1 SD2 SD3 SD4 SDS

FNUM Facility ID number Columns 1-8 I8
STl Aerobic digestion 11 I1
ST2 Anaerobic digestion 14 I1
ST3 Composting 17 I1
ST4 Purifax treatment 20 I1
ST5 Air drying 23 I1
ST6 Sludge lagoons 26 I1
ST7 Mechanical dewatering 29 11
ST8 Air flotation thickening 32 I1
ST9 Incineration 35 11
SD1 Landfill/trenching 38 11
SD2 Land spreading 41 11
SD3 Ocean disposal 44 11
Sb4 Sludge distribution or marketing 47 I1
SD5 Other sludge disposal mechanisms 50 I1
COUNTY

File COUNTY contains information regarding estimates of total and
speciated PTOC emissions for each county in California. Estimated PTOC
removals in sludge streams are also provided for each county. Emissions
and quantities removed in sludge are recorded in tons/year to two deci-
mal places. Values listed as 0.00 should be taken to be less than 10
1b/year. The record for each county has the following two-line struc-

ture.
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CNUM CNME TEC E2 E3 @000 vcsrcreecrrenssenssssesensnce E14 Els
E16 TS 52 53 ..I'.....l........l...l................ Sls 516

CNUM  County number Columns 1-2 12
CNME County name 5-19 Al5
TEC  Total PTOC emissions 22-27 F6.2
E2  Benzene emissions 30-35 "
E3 Bromodichloromethane emissions 38-43 "
E4 Carbon tetrachloride emissions 46-51 F6.2
ES Chlorobenzene emissions 54-59 "
E6 Chloroform emissions 62-67 "
E7 Dibromochloromethane emissions 70-75 "
E8 1,1 Dichloroethylene emissions 78-83 "
ES Ethylbenzene emissions 86-91 "
E10 1,2 Dichloroethane emissions 94-99 "
Ell Methylene chloride emissions 102-107 "
El2 Perchloroethylene emissions 110-115 "
E13 Toluene emissions 118-123 "
El4 1,1,1 Trichloroethane emissions 126-131 "
E15 Trichloroethylene emissions 1-6 "
Elé Vinyl chloride emissions 9-14 "
1S Total PTOC removal in sludge 17-21 F5.2
S2 Benzene removal 24-28 "
S3  Bromodichloromethane removal 31-35 "
S4 Carbon tetrachloride removal 38-42 "
S5 Chlorobenzene removal 45-49 "
Sé6 Chloroform removal 52-56 "
S7 Dibromochloromethane removal 59-63 "
S8 1,1 Dichloroethylene 66-70 "
S9 Ethylbenzene removal 73=-77 "
S10 1,2 Dichloroethane removal 80-84 1"
S11  Methylene chloride removal 87-91 "
S12 Perchloroethylene removal 94-958 "
S13 Toluene removal 101-105 "
Sl4 1,1,1 Trichloroethane removal 108-112 n
S15 Trichloroethyiene removal ~115-119 "
S16 Vinyl chloride removal 122-126 "
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APPENDIX Gs WASTEWATER TREATMENT PLANT VISITS

Eight municipal wastewater treatment plants (MWTPs) were visited.
The MWTPs were selected on the basis of a number of factors: represen-
tative of a wide geographic cross-section of California, location in an
air basin where photochemical air pollution was of concern, proximity to
population centers, MWTP size, the amount of industrial flow, and
characteristics of industries that discharged to the MWTP. The eight
plants accounted for greater than 42% of the total dry-weather waste-
water treated in California. A review of the visit to each MWTP and
the general characteristics of each MWTP are provided in this section.
Where available, past liquid and gas-phase sampling efforts are sum-
marized. Finally, recommendations are made regarding future sampling
efforts.

Sacramento Regional Wastewater Treatment Plant (July 16, 1986)

The Sacramento Regional Wastewater Treatment Plant (SRWTP) was the
largest sewage treatment plant (STP) in the Central valley and the fifth
largest STP, with respect to influent flow, in the state of California.
The SRWTP was subjected to an average seasonal dry weather flow of 136
MGD, and an average wet weather flow of 142 MGD. The plant served an
estimated 750,000 residents, as well as various commercial and
industrial users. The principal industrial users were two canneries
which discharged as much as 10 MGD during canning season.

Major treatment processes at the SRWTP included primary treatment,
followed by pure-oxygen activated sludge treatment, chlorination, out-
fall, dechlorination, and discharge to the Sacramento River. Primary
treatment involved influent screening, aerated grit removal, and primary
sedimentation using 12 sedimentation tanks. All of the primary treat-
ment processes were fully enclosed. Secondary treatment included eight
pure-oxygen activated sludge aeration basins, followed by 16 secondary
sedimentation tanks. The latter were not enclosed. Sixty to seventy
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tons of sludge were generated each day. Secondary sludge was thickened
by flotation before being mixed with primary sludge. The mixture was
treated for approximately three weeks in anaerobic digesters. The
sludge was then stored in solids storage basin ponds before being
disposed of on-site by subsurface injection.

Liquid-phase samples were drawn from the influent and the effluent
streams on a quarterly basis. Pre-chlorination and post-chlorination
samples were completed on a less frequent basis. Influent and effluent
samples were drawn by using a single "grab® sample, with the effluent
sample time lagged by the estimated amount of time it would take a
“plug” of water to pass through the entire treatment process. Past
sampling indicated consistently higher chloroform concentrations in the
effluent as compared to the influent. The formation of brominated THMs
appeared to be insignificant. Sludge was not analyzed for the presence
of PTOCs.

The efforts to reduce odors by enclosing most of the treatment pro-
cesses, treatment of process off-gases, and the nature of industrial
users, are believed to have led to lower PTOC emissions from the SRWTP
relative to conventional treatment plants of comparable size.

very few processes were noted as potential sources of PTQC
emissions. Minor emissions might have occurred from the soil at the
sludge disposal site. However, subsurface injection as well as a
(retainer) wall, which acted to reduce air flow over the soil surface,
should have reduced those emissions. In addition, the fraction of PTOCs
partitioned to sludge was expected to be low, and those PTOCs in the
sludge were likely to volatilize and be flared or degraded during
anaerobic digestion. Another source of emissions might have been hot
sludge foam which escaped from the floating roof digesters and became
exposed to the atmosphere. However, this accounted for only a small
fraction of the sludge, and the total exposed surface area was small.
Some emissions may have occurred from uncovered secondary clarifiers,
but the PTOC concentrations at that stage of the treatment process were
probably very low. Emissions of trihalomethanes from the Sacramento
River could have occurred following effluent chlorination and discharge.
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A major source of PTOC emissions at the SRWTP was expected to be an
odor removal tower (ORT) through which off-gases from primary and secon-
dary treatment were vented to the atmosphere through an induced draft
fan. The ventilation system would be suitable for sampling. Other
sources of PTOC emissions could have been pressure-relief valves on each
of the nine digester tanks. Each tank was equipped with up to four
valves. Digester gases can contain significant concentrations of vinyl
chloride. Past gas-phase sampling tests of digester gases have indi-
cated significant concentrations of toluene, dichloroethylene, trich-
loroethylene, and perchloroethylene, in digester gases (California Air
Resources Board, 1985). Both the ORT and out-gassing pressure-relief
valves would be conducive to emissions sampling. In addition, 1large
vacant fields surrounding the treatment plant would allow for upwind and
downwind sampling if necessary.

Bakersfield Wastewater Treatment Plant #2 (August 4, 1986)

The Bakersfield WWTP #2 (BWTP2) was managed by the city of
Bakersfield. It treated an annual average wastewater flow of 14.3 MGD.
The BWTP2 served a population of approximately 130,000 residents, as
well as 350 commercial and industrial users that accounted for 5% of the
wastewater that was treated. The plant had not treated petroleum refi-
nery wastewater.

The treatment train for the BWTP2 was relatively simple. Influent
passed through bar screens and a comminutor, followed by an aerated grit
chamber, and two 110 ft. diameter primary clarifiers in parallel.
Secondary treatment included two aerated waste lagoon systems in
parallel. Each lagoon system was composed of two lagoons. Secondary
effluent was pumped to storage reservoirs. Stored effluent was ultima-
tely used for restricted agricultural purposes. The effluent was not
chlorinated. Primary and secondary sludge both underwent anaerobic
digestion before being spread upon 150,000 sq. ft. of sludge drying beds
located on-site. Between one'and two equivalent dry-tons of sludge were
‘treated each day.
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The most significant sources of PTOC emissions at the BWTF2 were
expected to be the two aerated processes, grit removal and waste
lagoons. Primary clarification, digester gas relief, and stripping from
sludge drying beds could have alsoc been emissions sources. Previous
sampling for priority pollutants at the BWTP2 indicated that ethylben-
zene accumulated to significant concentrations in sludge. None of the
other 16 PTOCs were detected in sludge samples. The last sample analy-
sis for volatile priority pollutants was completed in 1983. At that
time chloroform, ethylbenzene, methylene chloride, perchloroethylene,
and toluene were all detected. However, all of those compounds occurred
at relatively low concentrations (<7 ug/l). Because PTOC emissions
were expected to be very low from the BWTP2, ambient or process sampling
there would probably not be of great practical benefit.

Joint Water Pollution Control Plant (August 6, 1986)

The Joint Water Pollution Control Plant (JWPCP) was managed by the
County Sanitation District of Los Angeles County (CSDLAC). With an
annual average flow of 365 MGD, it treated the second largest flow of
wastewater in the state of California. Approximately 15% of the total
flow was discharged by industrial users, which included several oil
refineries and metal finishing plants. The area that it served was den-
sely populated, with greater than 3,000,000 domestic users. In addition
to the sludge generated at the plant, the JWPCP treated sludge from
several other CSDLAC MWTPs. The amount of sludge treated and disposed
of averaged approximately 380 tons/day.

Approximately 33% of the incoming wastewater was subjected only to
primary treatment. Primary treatment at the JWPCP consisted of eight
bar screens, six covered grit chambers in parallel, and fifty-two
covered primary clarifiers. The grit chambers were aerated. The
wastewater that underwent only primary treatment was also subjected to
aeration using three traveling water screens before being discharged to
the Pacific Ocean. O0Off-gases generated during primary treatment were
vented through caustic scrubbers, activated carbon filters, or both.
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The remainder (67%) of the incoming wastewater was subjected to
both primary and secondary treatment. The primary effluent was treated
using a pure-oxygen activated sludge system. Secondary sludge was
removed using up to fifty-two secondary clarifiers in parallel. The
secondary wastewater transport channel was aerated for particle suspen-
sion. Off-gases from the channel were treated by wet scrubbing. Final
effluent was chlorinated only when disinfection was found to be
necessary. The final effluent was discharged to the Pacific Ocean.

Secondary sludge was thickened by using up to four dissolved air
flotation (DAF) tanks. O0Off-gases were treated using a two-stage blower
with an activated carbon filter. Primary sludge and thickened secondary
sludge were treated using anaerobic digestion. Approximately 7,000,000
SCF/day of digester was burned in engines for power generation, with a
portion having been intermittently flared. Following digestion, the
sludge was dewatered using low speed scroll or basket centrifuges.
Dewatered sludge cake was transported by conveyor belts to twelve 550
ton capacity storage silos. Air in the enclosure above the silos was
scrubbed using activated carbon before being vented to the atmosphere.
Approximately 67% of the sludge was trucked to landfills for ultimate
disposal. The remainder was composted on-site for commercial use as a
soil amendment. The composting area consisted of approximately 540
windrows which covered twenty-five acres. Each windrow averaged 825
feet in length, and had a capacity of 525 wet tons of sludge. For the
purpose of mixing and aeration, windrows were turned daily using a
mobile composter. By 1988, a large fraction of the dewatered sludge was
scheduled to be used for combustion to produce additional electricity
for the plant.

Although many of the processes at the JWPCP were covered, and off-
gases were typically scrubbed for odor control, many potential emission
sources existed. Sources of emissions could have included aerated
wastewater transport channels, fugitive emissions from the activated
sludge system, leaking digesters, out-gassing pressure-relief valves on
digesters, off-gases vented from scrubbers, and emissions from sludge
composting operations.
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Previous gas-phase sampling for some PTOCs was completed by the
staff of the CSDLAC, and indicated that, compared to other processes
that were analyzed, the aerated primary effluent channel was a signifi-
cant source of PTOC emissions. The sum total of emissions for 23 vOCs,
including twelve PTOCs, was estimated to be approximately 150 1b/day
from all of the processes analyzed. Those processes included several
off-gas scrubbers, the aerated primary effluent channel, and the acti-
vated sludge aeration basins.

Past analyses of digester gases indicated high concentrations of
VOCs. However, no emissions estimates were made for PTOCs escaping from
the digesters. Because of the large amount of digester gas that was
produced at the JWPCP, it may be beneficial to complete an analysis of
digester gas components. A study of the amount of digester gas lost by
leakage and out-gassing pressure-relief valves would also be valuable.

Estimates of emissions from sludge compost piles had not been
completed. The process of sludge aeration by turning might have been a
source of volatile emissions. However, the amount of PTOCs partitioned
to sludge and remaining at that stage of treatment was not expected to
be significant. Future sampling efforts during sludge aeration would
lead to a better understanding of the significance of sludge composting
as a PTOC emission source.

Liquid-phase sampling of the JWPCP influent has indicated high con-
centrations (> 100 ug/l) of benzene, methylene chloride, and toluene.
Chloroform, 1,1 dichloroethylene, ethylbenzene, perchloroethylene, 1,1,1
trichloroethane, trichloroethylene, and vinyl chloride have also been
detected.

Because of its size, 1location, and readily measurable con-
centrations of PTOCs, the JWPCP should be considered for future
sampling. Unfortunately, ambient sampling will be complicated by
background sources which are common in the industrialized region
surrounding the JWPCP. Grit’ chambers, digesters, aerated conveyance
channels, and aeration basins are sources that should be considered for
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future emissions sampling. An opportunity also exists for determining
the efficiency of odor scrubbers and activated carbon filters.

Hyperion Treatment Plant (August 7, 1986)

The Hyperion Treatment Plant (HTP) was managed by the Department of
Public Works of the City of Los Angeles, treated more municipal
wastewater (> 400 MGD) than any MWTP in California. The population
served exceeded three million people, and included a large number of
industrial users. Approximately twelve percent of the incoming
wastewater was attributed to industrial users. Those users were varied
in nature. However, they included several large industries (e.g., metal
finishers, electroplaters, and oil refineries) which possibly discharged
significant amounts of PTOCs to the HTP.

Two sets of headworks were used to treat the influent streams con-
veyed by four main sewers. Only two of the five grit chambers that
followed the headworks were aerated. Following grit removal, wastewater
was passed through twelve clarifiers in parallel. Of the 400 MGD of
wastewater received by the HTP, seventy-five percent was discharged to
the Pacific Ocean after undergoing only primary treatment. The primary
effluent which underwent secondary treatment was passed through sixteen
rectangular, uncovered, biological reactors in parallel. Tapered coarse
bubble aeration was employed. The secondary effluent was passed through
20 uncovered sedimentation tanks in parallel. The final effluent, pri-
mary and secondary, was discharged five miles offshore into the Pacific
Ocean. Final effluent was chlorinated only in the event that a the
effluent was discharged through a one mile outfall.

Secondary sludge was thickened prior to anaerobic digestion. A
total of eighteen floating roof digesters were used. Digester gas was
stored in tanks, flared, and intermittently vented for pressure-relief.
Ultimately, approximately 250 tons/day of dry sludge was being
discharged, primarily through a seven mile offshore outfall. The
remainder was trucked to landfills.
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In comparison to other MWTPs in California, emissions from the HTP
were expected to be significant because of relatively high PTOC con-
centrations in the influent stream, and the application of uncovered,
aerated processes. For instance, during six sampling periods during the
first quarter of 1986, the avérage toluene concentration in the influent
stream was 152 ug/l. The most significant source of emissions was
expected to be from the aerated biological reactors in the activated
sludge system. Other potentially significant emissions sources included
the main sewer vents, aerated grit chambers, an aerated channel used to
convey primary effluent to biological reactors, and the venting of
digester gas.

Liquid-phase sampling of primary clarifier influent and effluent
had been completed by the staff of the HTP. However, interferences
caused a general increase in PTOC concentrations across the clarifier.
Thus, emissions from primary clarifiers could not be estimated.
Additional sampling of clarifiers would be appropriate. Sampling at the
aerated grit chambers and transport channels would be valuable in order
to assess the significance of those processes as PTOC emission sources.
The floating roof digesters should be investigated as a source of
emissions. An analysis of digester gas and gas-phase sampling at
digester tank roof edges would be desirable to complete such an analy-
sis. Finally, ambient sampling at the HTP would be appropriate, par-
ticularly at the eastern border of the plant. Onshore airflow could
cause residents to the east of the HTP to be exposed to PTOCs emitted
from the HTP.

The HTP was scheduled for modification to a pure-oxygen treatment
plant by 1993. Four 130 MGD pure-oxygen systems were to be implemented
by that time. The additional aeration could lead to increased PTOC
emissions. However, covered pure-oxygen treatment systems are believed
to be less conducive to volatile emissions than are conventional acti-
vated sludge systems which utilize higher gas-to-liquid volume ratios
for aeration. The modification affords the opportunity to complete gas
and liquid-phase sampling of" aeration basins before and after the con-
version to a pure-oxygen plant. This could lead to a better under-
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standing of the relative efficiencies of pure-oxygen and conventional
activated sludge systems at stripping PTOCs to the atmosphere.

A system to dehydrate and incinerate the sludge was to be employed
by 1987. This would completely eliminate the need for offshore dis-
charge of the sludge. The effects of such a modification on PTOC emis-
sions is not well understood.

Fresno Regional Wastewater Treatment Plant No. 1 (August 8, 1986)

The Fresno Regional Wastewater Treatment Plant No. 1 (FRWTP1l) was
managed by the Department of Public Works of the city of Fresno. It was
the second largest MWTP, with respect to influent flowrate, in the
interior valley region of California. The plant was located approxima-
tely six miles west of Fresno. The FRWTPl treated an annual average
flow of 42 MGD, and up to 8 MGD of efflpent from the Fresno Regional
wastewater Treatment Plant No. 2 which was located approximately one
mile south of the FRWTP1l. In addition to having served a residential
population of greater than 300,000, approximately six percent of the
wastewater treated by the FRWTP1 was attributed to commercial and
industrial users. Those users included electroplaters, industrial
cleaners, hospitals, and independent and educational laboratories.

The FRWTP1 employed treatment up to the secondary level. Pre-
chlorination was practiced at the headworks to control odors. After
passing through bar screens, the wastewater was treated using up to four
primary clarifiers in parallel. Primary effluent was conveyed via non-
aerated channels to four activated sludge aeration basins. The basins
were aerated using four coarse bubble donut diffusers per basin.
Secondary effluent flowed to four final clarifiers before being pumped
to a series of percolation ponds.

Primary sludge was thickened by utilizing two uncovered primary

thickeners which were operated in either gravity or -air flotation mode.
Secondary sludge was simply being returned to the plant’s headworks.
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The blended sludge was stabilized using four anaerobic digesters, two of
which were of the floating roof type. The staff of the FRWTP1l noted
that sludge foam appeared infrequently on digester roofs. Sludge
resided in the digesters for 25 to 30 days, before being placed in on-
site drying beds. Digester gas was used to fire burners which produced
heat necessary for the anaerobic digestion process. The gas was also
compressed and used for mixing the sludge in the digesters. Some gas
was flared in waste-gas burners, and the remainder was used for power
generation. Approximately 250,000 cubic feet of digester gas was being
produced each day.

No gas-phase sampling had been completed at the FRWTPl. However,
based upon liquid-phase PTOC concentrations in the plant influent, PTOC
emissions were expected to be low. The major sources of emissions were
expected to be the four activated sludge aeration basins, as well as the
headworks, where odors were the most pronounced. Other PTOC emission
sources included the primary sludge thickeners 1in flotation mode,
floating roof digesters, percolation ponds, and sludge drying beds.

Because of the relatively low expected PTOC emissions, gas-phase
sampling at the FRWTP1 is not recommended. However, the chlorination of
influent wastewater does afford the opportunity to study the formation
of trihalomethanes as a result of pre-chlorination. Such THMs have
ample time to volatilize as they travel through the treatment system.
The aeration basins were scheduled to be modified to fine bubble systems
by 1987; and secondary sludge thickeners similar to the primary sludge
thickeners were to be employed. Both of the modifications would tend to
increase volatilization. However, even with the expected increase in
emissions, the overall PTOC emissions would probably remain low with
respect to treatment plants of comparable size.

Sunnyvale Water Pollution Control Plant (August 13, 1986)

The Sunnyvale Water Pollution Control Plant (SWPCP) was managed by
the City of Sunnyvale’s Department of Public Works. The SWPCP employed
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specific secondary and advanced treatment processes which the other
seven MWTPs that were chosen for review did not employ. Furthermore,
the SWPCP was characterized by an active sampling, analysis, and enfor-
cement program, which stemmed from strict restrictions regarding the
discharge of wastewater effluent into the southern end of San Francisco
Bay. The SWPCP was located at the southern shore of the San francisco
Bay. It served the city of Sunnyvale, a small residential area in
Cupertino, and a portion of the Moffett field naval air base. These
areas accounted for a service population of greater than 100,000, and an
average annual flow of approximately 20 MGD. In 1985, 69 industrial
users discharged to the plant. These included several electroplaters
and metal finishers, in addition to 28 electrical and electronic manu-
facturers. Commercial and industrial users contributed approximately
50% of the wastewater treated by the SWPCP.

The treatment train at the SWPCP included primary, secondary, and
advanced treatment. Influent passed through bar screens located within
an enclosed structure which was vented in order to reduce worker expo-
sure to airborne emissions. The wastewater was then pumped to ten
aerated, uncovered grit chambers, up to 10 in parallel. Primary
clarification followed grit removal. Primary effluent then flowed to
two oxidation ponds in parallel. All transport channels were covered
and non-aerated. The two oxidation ponds covered 540 acres. They were
no longer being aerated on a regular basis. However, surface aeration
could be employed whenever necessary to raise dissolved oxygen levels
in the ponds. Plans existed to convert the ponds to shallower, high-
rate, channel ponds. Wastewater residence time in the ponds averaged 35
to 40 days before being pumped to trickling filters, one to three
operated in parallel. The trickling filters were used to reduce ammonia
concentrations in order to meet discharge requirements. The trickling
filters were 35 feet deep, 92 feet in diameter, and they employed a
corrugated aluminum packing material which presented a large surface
area for biological growth. Trickling filter effluent, which included
algae from the oxidation ponds, was then treated to remove the algae by
employing a maximum of four 'air flotation tanks (AFTs). One to three
AFTs were operated in parallel. Effluent from the AFTs flowed through
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eight dual-media filters in parallel before being chlorinated in contact
chambers with a chlorine dose rate of 2000-6000 lb/day. The chlorine
contact time, before dechlorination using sulfur dioxide, ranged from 30
to 60 minutes. Final effluent was discharged to a slough where it
flowed into the San Francisco Bay.

All primary sludge and 15% of the thickened algae removed in the
AFTs was treated using four floating roof digesters. The remainder of
the thickened algae was returned to the oxidation ponds. Digested
sludge was placed in two drying beds which covered approximately 2.5
acres.

Liquid-phase sampling in 1985 indicated periods of relatively high
concentrations (> 20 ug/1) of chloroform, methylene chloride, perch-
loroethylene, and toluene in the plant’s influent stream. Composite
influent and effluent samples also suggested that a significant amount
of chloroform was being produced as a result of chlorination. This
could be significant for the SWPCP, since final effluent was discharged
to an uncovered slough which provided an opportunity for THM volatiliza-
tion. 1In addition, a significant reduction in ammonia concentration by
advanced treatment prior to chlorination reduced the competition among
halogens and ammonia for available chlorine, which probably favored
increased halogenation of organics.

Additional PTOC emissions could have occurred from the venting of
the bar screen room, grit chambers, oxidation ponds, digester gas
releases, trickling filters, and air flotation tanks. The latter two
were expected to be insignificant, as PTOC concentrations were probably
low at the advanced stage of treatment. The aeration of grit chambers
could have lead to significant emissions of PTOCs. The termination of
oxidation pond aeration should have reduced PTOC emissions during secon-
dary treatment. However, the large surface area of the ponds is con-
ducive to volatilization. Finally, as noted for the other plants that
were visited, emissions from floating roof digesters were possible.

Because of the size of the SWPCP, extensive ambient sampling within
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the plant’s boundaries is not recommended. In addition, other nearby
sources, including a landfill which bordered the SWPCP, would make it
difficult to separate background concentrations from those attributed to
the SWPCP. The most valuable future studies at the SWPCP would be
upwind/downwind measurements of the chlorine contact chambers, and the
slough which conveys effluent to the San Francisco Bay. Particular
attention should be paid to concentrations of chloroform.

San Jose - Santa Clara Water Pollution Control Plant (8-13-1986)

The San Jose-Santa Clara Water Pollution Control Plant (SJSCWP) was
managed by the City of San Jose Department of Water Pollution Control.
At an average annual flowrate of approximately 110 MGD, the SJSCWP was
the sixth largest MWTP, with respect to flow, in California. It was the
largest in the San Francisco Bay region. In addition to serving a resi-
dential population of 1.1 million, the SJSCWP treated wastewater from a
diverse cross-section of commercial and industrial users that accounted
for greater than 30% (based upon the NEEDS data base) of the total
wastewater discharged to the plant. Industrial wusers included
electroplaters, metal finishers, and several circuit board manufac-
turers.

The SJSCWP employed a relatively high degree of treatment.
Influent screening was composed of above-ground bar screens followed by
finer screens. Wastewater was then passed through two non-aerated grit
chambers in parallel, before passing through a maximum of 24 rec-
tangular, primary clarifiers in parallel. Primary effluent was conveyed
in an aerated open channel to an average of eight four-stage, coarse
bubble, activated sludge treatment units operated in parallel. A maximum
of sixteen aeration basins were available for biological treatment.
Secondary effluent was clarified before being conveyed to an average of
12 on-line, aerated (coarse bubble) nitrification basins. The average
aeration rates in the secondary and advanced aeration basins were
160,000 SCF per minute and 120,000 SCF per minute, respectively. Fol-
lowing nitrification, the wastewater was filtered using a multi-media
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filtration system before being chlorinated, dechlorinated using sulfur
dioxide, and discharged to the San Francisco Bay. The chlorine contact
time was approximately one hour before dechlorination. Available
chlorine was exposed to organics in the wastewater in addition to a
small amount of ammonia added to the wastewater stream after nitrifica-
tion but before multi-media filtration.

Primary sludge and thickened secondary sludge was mixed in 16
floating roof anaerobic digesters. The sludge residence time in the
digesters was approximately 30 days. Sludge from the digesters was
stored for several years in lagoons which cover 400 acres at the SJSCwP.
Approximately 85 dry tons/day of sludge were dried in on-site drying
beds before being disposed of to sludge piles. An average of 1.5
million cubic feet/day of digester gas was being produced, nearly all of
which was used to run engines in order to generate power for the plant.
In turn, engine cooling water was used to heat sludge in the digesters.

Liquid-phase sampling of the influent stream from 1984 to 1986
indicated high average concnetrations of several PTOCs. For instance,
during six 24-hour composite samples drawn during the noted period, the
average concentrations for methylene chloride, perchloroethylene, and
toluene were 104.0, 48.0, and 159.0 ug/l, respectively. Aside from
chloroform (10.7 ug/1), 1,1,1 trichloroethane (4.0 ug/1), and trichloro-
ethylene (11.0 ug/1), all other PTOCs were reported to be below detec-
tion limit in the influent stream. However, the detection of bromodi-
chloromethane, and a high average concentration of chloroform in the
effluent stream suggested the formation of THMs as a result of chlorina-
tion. Finally, influent samples were reportedly drawn after grit remo-
val. Thus, some PTOC volatilization could have occurred prior to
sampling.

The emissions of PTOCs were most likely from aerated processes such
as the primary effluent channel, and activated sludge and nitrification
aeration basins. The latter might not be a significant source, since
if volatilization occurred it ‘probably occurred toc a great extent in the
activated sludge basins. Additional emissions could have occurred as
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digester gases excaped from the floating roof digesters, and THMs vola-
tilized following chlorination. If gas-phase sampling is to be com-
pleted in the future, it is recommended that emissions from the aerated
channel, aerated activated sludge basins, chlorine contact chambers, and
digester roofs be investigated.

East Bay Municipal Utility District WWTF (August 19, 1986)

The East Bay Municipal Utility District WWTF (EBMUB) was managed by
the East Bay Municipal Utility District. It was located on the North-
west boundary of Oakland, near the eastern edge of the San Francisco Bay
Bridge. It served the cities of Alameda, Berkeley, Emeryville, Oakland,
Piedmont, E1 Cerrito, Kensington, and a small area of Richmond. 1In
total, 567,000 residential customers, and over 20,000 business and
industrial users, discharged an annual average flow of approximately
eighty million gallons of wastewater per day. Industrial users contri-
buted approximately 10% of the total flow. As of 1985, 91 of those
users were subject to the EPA’s categorical standards for industries.
Included in the 1list, with the number of facilities indicated in
parentheses, were industries involved with electroplating (35), metal
molding and casting (19), metal finishing (14), pharmaceuticals (7), and
iron and steel (5).

The EBMUD operated a secondary treatment facility. The influent
was pre-chlorinated as an odor control measure. Five bar screens were
operated in parallel inside of a covered facility. Air from the
facility was vented through a chlorine spray scrubber before being
discharged to the atmosphere. After screening, wastewater was pumped to
up to five gravity-flow grit tanks in parallel. The wastewater flowed
over a weir at the end of each tank. During storms, up to eight aerated
grit tanks could be employed as needed. From the grit tanks, the waste-
water was clarified using a maximum of sixteen primary clarifiers in
parallel. Primary effluent was conveyed in an aerated, covered channel,
where it fed into a pure-oxygen activated sludge system. The activated
sludge reactors were covered, and involved eight four-stage trains which
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utilized submerged turbine mixer/spargers for oxygen transfer. The
mixed liquor recycle channel was aerated for particle suspension.
Twelve final clarifiers were wused to collect secondary sludge.
Secondary effluent was chlorinated and later dechlorinated using sulfur
dioxide. The effluent outfall was composed of a 1.75 mile long par-
tially-open channel followed by a 1.1 mile long conveyance line leading
to a discharge at the bottom of San Francisco Bay. A 700 foot length of
diffuser was employed. |

An average of 1850 dry tons of sludge was disposed of each month.
Approximately 75% of the sludge was trucked to landfills, and 25% was
mixed with woodchips and composted for commercial use. Primary sludge
was pumped directly to anaerobic digesters. Secondary sludge was
thickened by centrifuge before being mixed with primary sludge in the
digesters. Ten high-rate, floating roof digesters were being used, each
with an eight day sludge residence time. Digested sludge was dewatered
by centrifuge and vacuum filters before being disposed of to landfills
or to the on-site composting area. The 1.2-1.4 million cubic feet per
day of digester gas was burned in three large engines which supplied up
to 50% of the facility’s power requirements. Waste heat was utilized to
heat digesters, sludge conveyance pipes, and buildings at the plant.

The EBMUD maintained a well-equipped laboratory which allowed for
relatively extensive priority pollutant analyses for samples drawn from
the influent, effluent and sludge streams. Liguid-phase influent
sampling completed from 1984 to 1986 indicated relatively high average
concentrations of several PTOCs, including benzene, chloroform, methy-
lene chloride, perchloroethylene, and toluene. In addition, average
chloroform concentrations in the effluent stream were approximately
equal to those in the influent stream. Bromodichloromethane was also
infrequently detected in the effluent stream, and never detected in the
influent stream. Finally, sampling for PTOCs in dewatered sludge indi-
cated some accumulation of ethylbenzene and toluene.

Previous gas-phase sampling of activated sludge off-gases and the
air above the mixed-liquor recycle channel were completed by the staff
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of the EBMUD. However, all of the PTOCs were observed to be below
detection limit.

A number of processes could have contributed to PTOC emissions from
the EBMUD WWTF. Those included the large weirs on the gravity grit
chambers, vented activated sludge off-gases, the aerated mixed-liquor
recycle channel, floating roof digesters, and sludge composting.
Emissions from grit tank weirs could be addressed using either gas
sampling above the weir or pre-weir and post-weir liquid-phase sampling.
Additional gas-phase sampling is needed to verify the previous results
regarding emissions from the aerated recycle channel and activated
sludge basins.

Recommendations for Future Sampling

It is recommended that extensive future sampling be completed at
the JWPCP, to investigate the difference between estimated uncontrolled
emissions and measured controlled emissions, and to study the relative
stripping efficiencies of control devices at removing PTOCs from off-gas
streams. A complete study would include liquid-phase sampling for PTOCs
in the JWPCP’s influent and effluent streams, as well as in the influent
and effluent streams of several processes; bar screens, grit chambers,
primary clarifiers, and pure-oxygen activated sludge reactors. Waste-
water flowrates should either be measured or obtained from plant
records. During the same time period that liquid-phase samples are
drawn, gas-phase PTOC concentrations and off-gas flowrates should be
measured in the air spaces above individual processes, as well as at the
exit vents of caustic scrubbers and activated carbon filters. It would
also be desireable to account for wastewater residence times in each
process stream. Aerated channels, sludge composting operations, and
pure-oxygen activated sludge reactors should also be investigated as
emissions sources.

In the remainder of this appendix, recommendations are made for
studying emissions from individual treatment processes that are most

conducive to both volatile emissions and sampling.
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Primary Treatment: Because PTOC concentrations are generally the
highest as they enter treatment facilities, bar screens, grit chambers,
and primary clarifiers require further attention as potential sources of
PTOC emissions. As noted above, simultaneous 1liquid and gas-phase
measurements of concentrations and flowrates would be desireable. The
Sunnyvale WWTF and the East Bay MUD WWTF boeth utilize bar screens
enclosed in buildings. Each would provide suitable sampling conditions.
The East Bay MUD WWTF also employs grit chamber effluent weirs which
should be considered for sampling, as the weirs are characterized by
several feet of free-falling water, a condition conducive to volatiliza-
tion. The JWPCP utilizes covered primary clarifiers and enclosed,
aerated grit chambers which should be further studied as PTOC emissions
sources. Because grit chambers at the San Jose-Santa Clara WPCP and the
East Headworks at the Hyperion Treatment Plant (HTP) are not aerated,
and because PTOC mass loadings into those two facilities have been rela-
tively high, PTOC concentrations in the primary clarifiers of those two
systems may be high enough to cause significant volatile emissions. It

is recommended that they be considered for future sampling.

Aerated Transport Channels: Aerated primary transport channels may be
significant sources of PTOC emissions. In addition to the JWPCP, other
MWTPs that utilize aerated transport channels include the HTP, the San
Jose-Santa Clara WPCP, and the East Bay MUD WWTF. The Aerated channels
at the JWPCP and the East Bay MUD WWTF are covered and more conducive to
off-gas sampling than are the channels at the other two plants.

Biological Reactors: Conventional and pure-oxygen activated sludge (AS)
systems should be considered for future sampling of PTOCs in both the
liquid and gas phases. Of the eight plants that were visited, the
Sacramento Regional WWTF, the East Bay MUD WWTF, and the JWPCP employ
pure-oxygen AS systems. That latter differs from the former two in that
it utilizes surface, rather than submerged, oxygenation. Both types of

oxygenation should be studied in order to gain a better understanding of
their PTOC stripping efficiencies. Because the East Bay MUD WWTF has
been subjected to higher PTOC doadings than has the Sacramento Regional
WWTF, it may be preferable for comparison with the JWPCP’s pure-oxygen
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RS system. 1In addition, the HTP will be converted to a pure-oxygen AS
plant in the future. Thus, it affords the opportunity to complete
sampling of PTOC emissions from both conventional and pure-oxygen AS
systems at the same facility. The San Jose-Santa Clara WPCP also utili-
zes conventional AS treatment.

Chlorination Systems: To study the emissions of chloroform following
chlorination, influent and effluent streams, and the air upwind, above,
and downwind of chlorine contact chambers should be sampled. Of the
eight MWTPs that were visited, the four that appeared to generate the
greatest amount of chloroform were the Sacramento Regional WWTF, the
East Bay MUD WWTF, the San Jose-Santa Clara WWTF, and the Sunnyvale
WWTF. The latter two may be the most conducive to volatile emissions,
as both the chlorine contact chambers and the effluent outfall systems
are open to the atmosphere.

Digesters: A great deal of uncertainty exists regarding emissions from
digesters. However, high concentrations of some PTOCs have been
observed in digester gases. Component analyses of digester gases, and
gas-phase sampling at the openings of floating roof digesters and
pressure-relief valves could lead to a better understanding of the
importance of digesters as PTOC emissions sources. Based upon the
amount of digester gas produced, PTOC mass loadings, and the type of
digesters utilized, digesters at the JwWPCP, the HTP, and the San
Jose-Santa Clara WPCP are recommended for future sampling.

Ambient Sampling: As noted in Section B of this report, the HTP is
recommended for ambient sampling, particularly at the eastern border of
the plant. During periods of onshore breezes, simultaneous measurements
to the west of the plant would be desirable to distinguish concen-
trations attributed to the HTP from background PTOC levels.

Other Plants to Consider: Only eight MWTPs were visited as part of
this study. Uncontrolled emissions estimates indicated that three other
MWTPs that were not visited may be significant. sources of PTOC
emissions. Those plants are the Terminal Island Treatment Plant, the
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Palo Alto WWTF, and the OCSD WWTF #2, It is recommended that those
facilities be visited and studied to indicate whether or not future
sampling is warranted.
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APPENDIX H:s TEST (A Refined Emissions Model)
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INTRODUCTION

Occurrences of potentially toxic organic compounds (PTOCs) in the
influent streams of municipal wastewater treatment plants (MWTPs) are of
concern for several reasons. Such compounds may contaminate sludge,
interfere with biological treatment processes, endanger the health of
treatment plant employees, and cause adverse effects to sensitive
effluent receiving waters. Because of their affinity for the gaseous
phase, volatile PTOCs (VTOCs) have been the focus of recent studies
regarding emissions from MWTPs.l-3 volatile PTOCs that are frequently
detected in the influent streams of MWTPs include benzene, chloroform,
ethylbenzene, methylene chloride, perchloroethylene, toluene, 1,1,1-
trichloroethane, and trichloroethylene.

Because of the cost and experimental difficulties associated with
VTOC emissions measurements, the application of semi-empirical mass
transport models is an attractive and valuable method to study the
emissions associated with wastewater treatment. Models can be used to
estimate emissions from entire treatment trains or from individual
treatment processes. The resulting emissions estimates can then be used
for emissions inventories, as input into transport models, or to analyze
the effects of treatment modifications on the fate of organic con-
taminants.

This paper discusses methods used to model the distribution of VTOCs
in MWTPs. The development of a user-oriented model to predict VTOC
~emissions throughout entire treatment trains 1is then described.
Individual treatment processes and the competition among removal mecha-
nisms are emphasized.

TRANSPORT AND REMOVAL OF VTOCS DURING WASTEWATER TREATMENT

The primary transport and removal mechanisms for organic con-
taminants in wastewater are volatilization, adsorption and removal in
sludge streams, biodegradation, and pass-through to receiving waters.
In addition, formation of organic contaminants can occur during
wastewater treatment. To provide readers unfamiliar with wastewater
treatment some background regarding the systems to be modeled, each of
the removal and formation mechanisms is briefly described below.

Volatilization

Several treatment processes have characteristics that are conducive
to the volatilization of VTOCs. For instance, high concentrations of
contaminants are first exposed to the atmosphere at uncovered primary
treatment processes such as bar screens and grit removal tanks. While
the hydraulic residence times in such processes are low, the bars and
racks on screening systems induce turbulence at the surface of the
wastewater. Furthermore, grit tanks are often aerated, thus increasing
the potential for stripping to the atmosphere. Residence times in pri-
mary clarifiers are generally’ much longer than those in screening
systems or grit tanks. The large open clarifier surfaces and flow over
clarifier weirs can lead to VTOC emissions.4
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Secondary treatment processes such as trickling filters and acti-
vated sludge systems present additional opportunities for volatiliza-
tion. In trickling filters, wastewater is contacted with biological
organisms adhering to rock or plastic media. To promote efficient
biodegradation of organic contaminants, large surface areas are exposed
to reduce mass transfer resistance. In order to supply the aerobic
organisms with oxygen, air is either actively blown or allowed to rise
through the filter media by drafts induced by natural temperature gra-
dients. Activated sludge systems and aerated waste lagoons also promote
volatilization because both are aerated or oxygenated and have relati-
vely long residence times. ‘

Other treatment processes where volatilization can occur include
aerated conveyance channels, rotating biological contactors, overland
flow systems, and equalization basins.

Removal in Sludge Streams

Organic compounds can adsorb to suspended solids and biomass with
subsequent removal in primary and secondary clarifiers. A previous
study indicated that adsorption and removal of VTOCs in primary sludge
streams is significantly greater than removal in waste activated sludge
streams.? This may be due to higher concentrations during primary
treatment, as well as efficient stripping as a result of aeration in
secondary systems. The adsorption of individual organic compounds to
solids found in wastewater is not well understood. However,
octanol/water partition coefficients have been used to rank VTOCs
according to their relative affinity for adsorption.® It was concluded
from analysis of raw mass flow data that removal in sludge streams typi-
cally accounts for less than five percent of the total removal of VTOCs
throughout an entire treatment train.é

Biodegradation

Biochemical oxidation of organic contaminants occurs at secondary
and advanced treatment processes such as trickling filters, waste
lagoons, activated sludge systems, oxidation ponds, rotating biological
contactors, overland flow systems, and wetland systems. However, little
is known regarding the bio-oxidation efficiency of VTOCs during munici-
pal wastewater treatment. Laboratory research has indicated that
several VTOCs (i.e., benzene, chlorobenzene, ethylbenzene, and toluene
can be efficiently bio-oxidized under the appropriate conditions.?/s
However, such research is typically completed using high contaminant
concentrations (> 10 mg/l1) and steady-state contaminant feeds, con-
ditions which are necessary to maintain acclimated microbial popula-
tions. Volatile PTOC concentrations in municipal wastewaters rarely
exceed 0.1 mg/1, and slug discharges are common. MWTPs are not believed
to meet the conditions that are necessary for acclimation, and thus
efficient bio-oxidation of VTOCs is not expected to occur. Some degra-
dation in unacclimated systems is expected to occur as a result of co-
metabolism by bacteria that utilize other organic material as their
carbon source.? For most of the VTOCs the average percent degraded in
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unacclimated secondary treatment facilities has been reported to be bet-
ween 0.0 and 20%, as opposed to values as high as 74%, for benzene, in
acclimated systems,10

Formation

Pre-chlorination for odor control and post-chlorination for disin-
fection can lead to the formation of trihalomenthanes (THMs) such as
bromodichloromethane, dibromochloromethane, and chloroform. The ratio
of average THM mass loadings in effluent streams to the mass loadings in
influent streams is typically greater than 1.0 for those MWTPs that
post-chlorinate, and much less than 1.0 in those MWTPs that do not
post-chlorinate.6511  The factors that affect the formation of THMs
during municipal wastewater treatment are complex, not well understood,
and were not treated in the present modeling effort.

Pass-Through

The VTOCs that enter a MWTP or that form during the treatment pro-
cess, and that are not removed by one of the removal mechanisms
described above, are passed through the treatment system and discharged
in the effluent stream. An analysis of data compiled from previous stu-
dies indicated that the average percent pass-through (100% - percent
removed) for VTOCs is typically less than 20%.6 The fate of VTOCs
following pass-through is not well documented. No attempt was made to
model VTOCs which passed through a MWTP.

VTOC DISTRIBUTION MODELS

The simplest predictive distribution models (PDMs) are based upon
the assumption of steady-state conditions. While such conditions are
typically not satisfied at MWTPs, steady-state PDMs can be valuable in
order to assess the effects of treatment plant modifications on the fate
of VTOCs. Furthermore, existing data are insufficient to establish con-
centration distributions as input into more complex transient models.
The following analysis is based upon the assumption of steady-state con-
ditions. Models are presented for continuous flow stirred-tank reactors
(CFSTRs), plug-flow reactors (PFRs), and trickling filters. A brief
discussion of approaches to estimating model parameters is then given.

CFSTRs
' The concentration "C" of a VIOC in a CFSTR is assumed to be equal to
the effluent concentration. This simplifies the distribution model,
particularly for the case when a portion of the treated flow is
recycled. For a CFSTR the steady-state effluent concentration, “Cg", is
estimated by
Ce = C3/{1.0 + r(ky + kp + kg)}, (1)

where Ci is the influent concentration, r is the hydraulic residence
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time (volume of process/wastewater flowrate), and ky, kp, and kg are
the rate constants for removal by volatilization, blodegradatlon, and
adsorption to sludge, respectively. The CFSTR model can be used to
estimate VTOC losses from well-mixed systems, which can include aerated
lagoons and aeration basins.

PFRs

Plug-flow reactors are characterized by ideal mixing in the lateral
direction and no mixing in the longitudinal direction. A simplified
method for modeling transport in PFRs is to treat the PFR as a series of
successive CFSTRs. The effluent concentration from the PFR can then be
calculated as

= C1/{1.0 + (2/n)(ky + kp + ks)}" (2)

where Cj, r, ky, kp, and kg are as defined previgusly, and n is the
number of CFSTRs used to model the PFR. Equation 2 can be used to
estimate VTOC losses from grit removal tanks, clarifiers, aeration
basins, conveyance channels, and other systems with negligible mixing in
the longitudinal direction. When effluent from a PFR 'is recycled, an
iterative procedure is required to solve the equation because the con-
centration is not uniform throughout the reactor.

Trickling Filter Models

For this study, a model for the removal of VTOCs in trickling
filters was assumed to have a form similar to models which are used to
predict reductions in biochemical oxygen demand (BOD). A simplified
exponential model is

Ce = Cj exp{-(ky + kp + ks) [pAh/(Q + pQ)]3, (3)

where p is the porosity of the filter media, A is the cross-sectional
area of the filter, h is the depth of the filter, @ is the wastewater
flowrate, and all other variables are as descrlbed prev1ously For
systems with recycle, Equatlon 3 must be modified using an “effective"
influent concentration Ci’ such that

= (Ci + bCe)/(1 + b), (4)
where b is the fraction of the incoming flow recycled from the effluent
to the influent stream (recycle ratio). An iterative solution algorithm
is then required.

Estimating ky
values for ky are typically estimated by calculating the mass

transfer coefficient for oxygen (reaeration rate), "ko", and then
applying the relationship
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ky = a’kg, (5)

where a’ is the transfer rate proportionality coefficient. The basis
for a constant ky/kg is found in the classical two-film, penetration, or
surface renewal theories of mass transfer across an air-water
interface.l2 The two latter theories describe highly agitated con-
ditions better than the former. Two-film theory is commonly used for
less-agitated conditions. Taking the ratio of the theoretical fluxes
for two high-volatility compounds (e.g., a VTOC and oxygen) causes the
dependence of wastewater parameters such as temperature and viscosity to
cancel, leaving only the physical properties (i.e., diffusion coef-
ficient) of the two compounds. For two-film theory a’ is equal to the
ratio of the VTOC to oxygen diffusion coefficients. For penetration and
surface renewal theories, a’ is equal to the square root of the ratio of
the VTOC to oxygen diffusion coefficients. Experiments have verified
that the values of a’, estimated using the above theories, typically lie
between 0.55 and 0.65 for most of the VT0Cs.12,13

Empirical methods have been proposed to estimate values of kg, and
an extensive review of those methods has been completed.l4 Most of the
methods were developed for natural systems such as ponds, streams, and
rivers. However, they have been used successfully to model mass
transfer in wastewater treatment systems.4 For surface aerated systems
the value of kg is commonly taken to be the area-weighted average of
mass transfer rates for non-agitated and agitated regions. The non-
agitated regions can be treated as natural systems as noted above. To
estimate mass transfer coefficients in the agitated regions, empirical
models have been developed. Those models typically require knowledge of
aerator characteristics, such as power rating, efficiency, and oxygen
transfer rate, that are often available from the manufacturer of the
aerator.

For bubble aeration, ky is dependent upon the degree of saturation
of rising air bubbles. A method has been developed to estimate the pro-
duct of the hydraulic residence time and ky for use in Equation 1.13
Model requirements include the ratio of the gas to liquid flowrates, the
dimensionless Henry’s law coefficient, and the type of bubbles (i.e.,
coarse, medium, or fine).

For those systems that are characterized by radial flow (RF), PFR
models can be used along with mass transfer coefficients obtained by
integrating ky or kg equations in the radial direction. Such models
have been used for radial flow clarifiers.

Estimating kp

Bio-oxidation rates for VTOCs have not been extensively
reported.15,16  The bio-oxidation rates that have been reported for
VTOCs are believed to overestimate the removals caused by biodegrada-
tion. The reason for overestimation is because the rates are commonly
based upon laboratory experiments completed under conditions required to
maintain biological acclimation 'to the VTOCs. Large uncertainties are
associated with the extrapolation of those values to field conditions.
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Estimating kg

Few models exist to estimate adsorption to solids and biomass.
Empirical models have been developed to estimate the7partitioning of
VIOCs between the wastewater and activated sludge.4517 However, the
models are limited because they do not allow for time variations, or
they are based upon laboratory studies that suppressed other removal
mechanisms.

INTEGRATED EMISSIONS MODEL

General

An integrated emissions model (TEST; Toxic Emissions during Sewage
Treatment) was developed in order to estimate VTOC emissions from entire
wastewater treatment systems. The individual process models described
in the previous section, in addition to several less commonly used
models, were incorporated into the TEST model. The TEST model is user-
oriented, and flexible in its ability to model user-specified treatment
configurations. An option flow diagram for the TEST model is shown
Figure 1. Initial input requirements include the choice of VTOCs to be
modeled. Following the initial input segment, treatment processes are
selected in sequence until the entire treatment train is modeled.
Processes can be specified to be in series or in parallel. The effluent
concentrations from individual processes are used as influent concen-
trations in the nearest downstream processes. The process options are
described below.

The grit chamber option is used to estimate emissions from either
aerated or non-aerated grit removal tanks. In either case, plug flow is
assumed and modeled using a series of successive CFSTRs. Volatilization
is assumed to be the only removal mechanism.

The clarifier option allows for either plug or radial flow to be
modeled. Emissions from either primary or secondary clarifiers can be
estimated. The user may choose to enter adsorption rate constants if
they are available.

An option to estimate emissions from conveyance channels is also
included. Emissions from aerated channels can be modeled. Regardless
of the degree of aeration, plug flow is assumed and modeled using suc-
cessive CFSTRs.

The trickling filter submodel is based upon Equation 3. 1In addition
to the physical specifications of the trickling filter, the user must
input a volatilization rate for each VTOC based upon a range specified
on the model menu. Bio-oxidation and adsorption rates may be input
interactively. The trickling filter option also allows for recycle of
the effluent flow. If recycle is used, an iterative procedure is
Tequired with the user having to prescribe an initial estimate for the
effluent concentration of each VTOC.
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The activated sludge model allows several user options. The system
can be modeled as a CFSTR or a PFR. Surface or bubble aeration can be
prescribed. For bubble aeration, coarse, medium, or fine bubble dif-
fuser systems can be analyzed. Uniform and tapered aeration options are
available. Bio-oxidation and adsorption rates are entered by the user.
If a PFR with recycle is modeled, an iterative solution is required.

Other treatment processes can be "constructed” during the model exe-
cution by specifying the appropriate reactor models and requirements for
aeration.

Following the analysis of one process, the user than specifies the
next process to be analyzed. Once all of the processes in the treatment
train have been analyzed, process specifications, concentrations, remo-
val efficiencies, and emissions for the selected VTOCs at each indivi-
dual treatment process are output.

Example Application

To exemplify the use of the TEST model, an example application is
provided. A simplified treatment configuration was chosen as depicted
in Figure 2. The treatment processes that were involved included an
aerated grit tank, followed by two rectangular clarifiers (sedimentation
basins) in parallel, three CFSTR activated sludge aeration basins in
parallel, and three secondary clarifiers in parallel. Specifications
for each process are also listed in Figure 2. Benzene and vinyl
chloride were analyzed using an influent concentration of 100 ug/1 for
each. Bio-oxidation rates of 0.005 hours-l were selected for the acti-
vated sludge systems. Adsorptlon was assumed to be insignificant. An
influent flowrate of 2.2 m3/sec (50 million gallons per day) was
assumed.

The predicted emission rates and removal efficiencies are provided
for each individual process in Figure 2. For both benzene and vinyl
chloride, most of the total removal occurred in the activated sludge

aeration basins. The percent removal was 51gn1f1cantly greater for
vinyl chloride, which has a much higher Henry’s law constant than ben-
zene. For each VTOC, greater than 99% of the total removal in the aera-
tion basins was attributed to volatilization which clearly dominated
bio-oxidation as the primary removal mechanism. Removal in each of the
clarifiers was relatively insignificant. Removals in the aerated grit
chambers were greater than removals in the clarifiers. However, because
the aeration rates and hydraulic residence times in grit chambers are
typically very low, emissions from those devices appear to be much lower
than emissions from activated sludge aeration basins. The overall
removal efficiencies for benzene and vinyl chloride were 32% and 75%,
respectlvely. Emissions throughout the entire treatment train amounted
to 6°.1 kg/day for benzene and 14.1 kg/day for vinyl chloride.
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SUMMARY

A model (TEST) has been developed to predict the distribution of
organic contaminants during municipal wastewater treatment. The model
was exercised in an example application which exemplified the signifi-
cance of aerated secondary treatment processes as emissions sources.
For VTOCs, the primary removal mechanism appears to be volatilization.
Further validation will be reguired, but even at this stage TEST can be
used to predict emissions of VTOCs throughout entire treatment systems.
Moreover, the relative importance of specific treatment processes can be
studied and the effects of process modifications as emission control
measures can be assessed. The model has been delivered to the
California Air Resources Board for further evaluation.
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FIGURE 2. EXAMPLE APPLICATION USING THE TEST MODEL. HRT = HYDRAULIC RESIDENCE TIME, E = EMISSION RATE (KG/DAY),
AND % REM = PERCENT OF EACH VTOC REMOVED ACROSS THE PROCESS



