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Preface

The focus of this book is exclusively on management of industrial wastewater; how
wastewater characteristics varies by industry; what methods of treatment are used in
industry, developing trends; and how industrial design, construction, and operations
services are or could be procured.

This Manual of Practice is a totally revised and expanded edition of the 1994
WEEF bestseller Pretreatment of Industrial Wastes. Besides an overall updating and
editing of the technical material, this edition contains:

* An update on current regulations,
* A greatly expanded section on biological treatment of industrial wastes,
* Anew section on organoclays,

* Anew chapter on instrumentation and control of industrial waste treatment
processes, and

* Anew chapter on innovative methods for procuring services related to facility
design, construction, and operation.

This book is intended to appeal to a wide range of professionals responsible for
regulating, monitoring, and designing industrial waste facilities. Engineering consul-
tants, industrial waste managers and purchasing department managers, government
regulators, and graduate students will find this book invaluable.

The book has been written by a diverse group of professionals experienced in the
particular area of concern. Design engineers, industrial managers, university profes-
sors, and regulators have combined their efforts to produce a book that is thoroughly
grounded in theory but is a practical resource for those who need to apply industrial
wastewater principles to facility design or even to retaining an engineers or contractor.

Industrial Wastewater Management, Treatment, and Disposal was produced under
the direction of Terence P. Driscoll, Chair.
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INTRODUCTION

Municipal and industrial wastewater treatment are very different. Compared to
municipal wastewater, industrial wastewater contains different pollutants and is
often more variable, concentrated, and toxic. The nature of the design, construction,
and operations services are also different, as are the procurement techniques.

This book focuses on how to manage industrial wastewater and residuals, how
its characteristics vary by industry, what treatment methods are used, and how
industrial design, construction, and operations services typically are procured. It also
discusses emerging pretreatment trends.

NEW IN THIS EDITION

This is a totally revised and expanded edition of the 1994 WEF Manual of Practice
titled Pretreatment of Industrial Wastes. Besides an overall update of preexisting tech-
nical material, this edition contains:

¢ Updated regulatory information;

¢ New sections on organoclays and the latest methods for removing heavy
metals, especially arsenic, selenium, and mercury;
1
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* A greatly expanded section on biological treatment methods, including
sequencing batch reactors; and

* New chapters on industrial waste characteristics, industrial wastewater sam-
pling, treatability studies, instrumentation and control of treatment processes,
and innovative procurement methods.

This book is intended to appeal to professionals responsible for regulating, moni-
toring, and designing industrial waste facilities. Engineering consultants, industrial
waste managers, purchasing department managers, government regulators, and
graduate students will find this book invaluable.

The book was written by a diverse group of experts. Design engineers, industrial
managers, university professors, and regulators worked together to produce a prac-
tical resource for industrial wastewater professionals.

LAYOUT OF THE BOOK

The book has two sections:

¢ Planning and managing industrial wastewater pretreatment processes and

¢ Designing, operating, and procurement of industrial pretreatment facilities.

SECTION 1: PLANNING AND MANAGING INDUSTRIAL WASTE-
WATER PRETREATMENT PROCESSES. The first half of the book discusses:

* The issues related to pretreatment;

* The regulations governing discharges of industrial wastewater;

¢ The types of industrial wastewaters and their characteristics;

* The steps involved in characterizing a given waste and devising an appro-
priate treatment scheme via site-specific treatability studies; and

* Management strategies for minimizing the size and cost of pretreatment
facilities.

Chapter 1 demonstrates the need for pretreatment guidance and provides a
framework for later waste-specific discussions.

Chapter 2 provides an introduction to U.S. pretreatment regulations and notes
what prompts various technology selections.
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Chapter 3 outlines representative sampling techniques for industrial wastewater
when developing wastewater characteristics, designing pretreatment facilities, and
demonstrating compliance with regulatory requirements.

Chapter 4 describes methods for conducting an in-house industrial wastewater
survey and toxicity characterizations, including regulatory submittals for sampling
and analysis.

Chapter 5 suggests approaches for developing treatability studies for specific
wastestreams, whether performed in-house or by a contractor. It also describes
treatability studies for aerobic and anaerobic biological treatment, physical treatment,
and chemical treatment.

Chapter 6 notes typical characteristics for various industrial wastes, based on
both established databases and the authors” own expertise. It provides a starting
point for industrial consultants, designers, and managers to determine a specific
facility’s wastewater characteristics and can help them specify the processes needed
to meet pretreatment objectives and regulations.

Chapter 7 addresses wastewater management alternatives (e.g., in-plant pollu-
tion prevention and waste minimization). It is designed to help pretreatment profes-
sionals minimize the investment needed to achieve pretreatment requirements.

SECTION 2: DESIGN, OPERATION, AND PROCUREMENT OF INDUS-
TRIAL PRETREATMENT FACILITIES. Section 2 provides guidance on process
selection and system design to meet pretreatment requirements and accurately con-
trol the system. The chapters are organized by waste characteristics, as follows:

¢ Chapter 8: Flow and Load Equalization;

* Chapter 9: Solids Separation and Handling;

¢ Chapter 10: Removal of Fats, Oil, and Grease;

¢ Chapter 11: pH Control;

* Chapter 12: Removal of Inorganic Constituents;

e Chapter 13: Removal of Organic Constituents;

¢ Chapter 14: Process Instrumentation and Control; and

* Chapter 15: Project Procurement.

Chapters 8 through 13 outline various pretreatment processes and their applica-

tions, advantages, disadvantages, and expected performance. They also provide
basic design criteria to be used when sizing each process.
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Chapter 14 provides guidance on controlling pretreatment processes via key
process variables (e.g., flow, dissolved oxygen, pH, oxidation-reduction potential,
and total organic carbon). It also outlines process-control strategies for both batch-
and continuous-flow systems, and discusses the design and use of feedback and
feed-forward control loops.

Chapter 15 describes various methods for procuring design, construction, and
operations services and equipment. It describes the nature of the design process,
highlighting the need for project planning and feasibility studies, and noting the
advantages and disadvantages of in-house design. The chapter also discusses project
construction issues (e.g., bonds, shop drawing reviews, inspections, change orders,
startup, and warranty issues during operations). In addition, it describes a number
of procurement methods, including the design-bid-build, construction manager-at-
risk, design-build-operate, and design-build-own-operate-transfer methods. Lastly,
Chapter 15 lists operations options (e.g., contract operations) and outlines predictive
maintenance programs that ensure continuous operations and avoid catastrophic
equipment failure.

PURPOSE AND SCOPE OF THE BOOK

This book provides guidance on selecting processes and designing systems for pre-
treating industrial wastes. It is written for

¢ Consultants who specialize in industrial waste treatment;

¢ Industrial engineers and managers responsible for wastewater pretreatment
facilities; and

* Municipal, state, and federal regulators who oversee and enforce pretreatment
programs.

The book includes a general approach to pretreatment system design and opera-
tions, specific design values for various treatment processes, and suggestions for
optimizing process operations. It also discusses pollution prevention techniques as
the first step in pretreatment planning and design.
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THE NEED FOR PRETREATMENT

Industries may directly discharge their treated wastewater to a receiving waterbody
(if they have the appropriate permit) or indirectly discharge it to a publicly owned
treatment works (POTW). Direct discharge typically involves more treatment. The
technologies discussed in this book may be used whether the effluent will be directly
or indirectly discharged, but because indirect discharge is more common, it is the
principal focus of the book.

In this book, pretreatment is defined as reducing, eliminating, or altering pollu-
tants in industrial wastewater before discharging the wastewater to a POTW. Indus-
tries discharging to a POTW may have to pretreat their wastewater to

¢ Comply with the General Pretreatment Regulations issued by the U.S. Envi-
ronmental Protection Agency;

¢ Comply with Categorical Pretreatment Standards;
¢ Comply with local municipal sewer ordinances;

¢ Reduce sewer use fees (when they are based on the mass loading of one or
more pollutants); and

e Improve their public images or reduce the stigma associated with publicly
reported pollutant discharges, such as the Toxics Release Inventory under the
Superfund Amendment and Reauthorization Act.

To meet typical pretreatment requirements, industries typically must invest in a
wastewater pretreatment system. This book provides general guidance on selecting
and designing pretreatment facilities. Readers should not apply the typical values
given in this manual to specific industrial applications. To ensure proper design, the
book describes site-specific evaluations and appropriate treatability testing that
should be used instead. If more information is needed, readers should refer to the
detailed wastewater design texts included in the references at the end of each chapter.
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This chapter presents the regulations related to the disposal of industrial wastewater
and its treatment residuals as of March 31, 2007. Wastewater disposal options include
indirect discharge, direct discharge, subsurface injection, land application, and inciner-
ation. Indirect discharge involves sending untreated or partially treated (pretreated)
wastewater to a municipal wastewater treatment plant [publicly owned treatment
works (POTW)] for further treatment. Direct discharge is a matter of treating wastewater
(if required) and then discharging it to a body of water (e.g., river, lake, or ocean).

Wastewater treatment residuals disposal options include subsurface injection,
land application, landfilling, and incineration. This chapter only presents the land-
filling and incineration requirements that pertain to the waste generator. For more
regulatory information on designing, permitting, operating, and closing landfills and
incinerators, see Parts 239, 240, 257, 258, and 264 of Title 40 of the Code of Federal Reg-
ulations (40 CFR 239, 240, 257, 258, and 264).

Each industrial facility should review the federal, state, and local regulations that
apply to its specific wastewater and residual disposal procedures to ensure that all
requirements are met and all options that could reduce disposal costs are used.
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PRETREATMENT REGULATIONS

FEDERAL PRETREATMENT REGULATIONS. The Federal Water Pollution
Control Act amendments of 1972 [also called the Clean Water Act (CWA)] give the
U.S. Environmental Protection Agency (U.S. EPA) the authority to establish and
enforce pretreatment standards for indirectly discharged industrial wastewater. The
agency’s pretreatment program has three objectives (40 CFR 403.2):

1. “To prevent the introduction of pollutants into POTWs which will interfere
with the operation of a POTW, including interference with its use or dis-
posal of municipal sludge;”

2. “To prevent the introduction of pollutants into POTWs which will pass
through the treatment works or otherwise be incompatible with such
works;” and

3. “To improve opportunities to recycle and reclaim municipal and industrial
wastewaters and sludge.”

These objectives originated from the fact that POTWs are required to treat only
domestic wastewater, which resulted in industrial wastewater discharged to
POTWs not being appropriately treated. The Clean Water Act categorizes pollutants
as conventional, nonconventional, and toxic. The conventional pollutants are those
expected to be present in domestic wastewater and include biochemical oxygen
demand (BOD); total suspended solids (TSS); pH; fecal coliforms; and oil and grease
(U.S. EPA, 1999a and 40 CFR 401.16). Nonconventional pollutants are those that are
neither conventional nor toxic, such as ammonia, nitrogen, phosphorus, chemical
oxygen demand, aluminum, manganese, acidity, and whole effluent toxicity (WET).
Toxic pollutants originally were a list of 65 categories of chemicals negotiated in a
1975 lawsuit (see 40 CFR 401.15). According to the lawsuit settlement, the U.S. Envi-
ronmental Protection Agency had to establish effluent standards for these chemicals
by July 1, 1980. The list was later modified to show the compounds in each of the
organic categories and the specific inorganic elements of concern only (not their
compounds) and to delete three chemicals and became the list of priority pollutants
(Table 2.1). Under Section 307(a)(1) of the CWA, the U.S. Environmental Protection
Agency has the authority to add other toxic pollutants of concern to the effluent
standards regulations for particular industries, and it has done so (e.g., carbamates)
as it developed standards for the different industrial categories. These additional
parameters, though, are not part of the priority pollutant list.
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TABLE 2.1 List of priority pollutants (Appendix A to 40 CFR Part 423: Steam Electric Power
Generating Point Source Category).

Code Priority pollutant? Code Priority pollutant®
001 Acenaphthene 038 Ethylbenzene
002 Acrolein 039 Fluoranthene
003 Acrylonitrile 040 4-Chlorophenyl phenyl ether
004 Benzene 041 4-Bromophenyl phenyl ether
005 Benzidine 042 bis(2-Chloroisopropyl) ether
006 Carbon tetrachloride (tetrachloromethane) 043 bis(2-Chloroethoxy) methane
007 Chlorobenzene 044 Methylene chloride (dichloromethane)
008 1,2,4-Trichlorobenzene 045 Methyl chloride (dichloromethane)
009 Hexachlorobenzene 046 Methyl bromide (bromomethane)
010 1,2-Dichloroethane 047 Bromoform (tribromomethane)
011 1,1,1-Trichloroethane 048 Dichlorobromomethane
012 Hexachloroethane 051 Chlorodibromomethane
013 1,1-Dichloroethane 052 Hexachlorobutadiene
014 1,1,2-Trichloroethane 053 Hexachlorocyclopentadiene
015 1,1,2,2-Tetrachloroethane 054 Isophorone
016 Chloroethane 055 Naphthalene
018 bis(2-Chloroethyl)ether 056 Nitrobenzene
019 2-Chloroethyl vinyl ether (mixed) 057 2-Nitrophenol
020 2-Chloronaphthalene 058 4-Nitrophenol
021 2,4, 6-Trichlorophenol 059 2,4-Dinitrophenol
022 Parachlorometa cresol 060 4,6-Dinitro-o-cresol
023 Chloroform (trichloromethane) 061 n-Nitrosodimethylamine
024 2-Chlorophenol 062 n-Nitrosodiphenylamine
025 1,2-Dichlorobenzene 063 n-Nitrosodi-n-propylamine
026 1,3-Dichlorobenzene 064 Pentachlorophenol
027 1,4-Dichlorobenzene 065 Phenol
028 3,3-Dichlorobenzidine 066 bis(2-Ethylhexyl) phthalate
029 1,1-Dichloroethylene 067 Butyl benzyl phthalate
030 1,2-trans-Dichloroethylene 068 di-n-Butyl phthalate
031 2,4-Dichlorophenol 069 di-n-Octyl phthalate
032 1,2-Dichloropropane 070 Diethyl phthalate
033 1,2-Dichloropropylene (1,3-dichloro- 071 Dimethyl phthalate
propene) 072 1,2-Benzanthracene (benzo[a]anthracene
034 2,4-Dimethylphenol 073 Benzo(a)pyrene (3,4-benzo-pyrene)
035 2,4-Dinitrotoluene 074 3/4-Benzofluoranthene (benzo[b]fluoran-
036 2,6-Dinitrotoluene thene)
037 1,2-Diphenylhydrazine 075 11,12-Benzofluoranthene (benzo[b]fluoran-

thene)
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Code Priority pollutant® Code Priority pollutant?

076 Chrysene 102 Alpha-BHC

077 Acenaphthylene 103 Beta-BHC

078 Anthracene 104 Gamma-BHC (lindane)

079 1,12-Benzoperylene (benzo[ghi]perylene) 105 Delta-BHC

080 Fluorene 106 PCB-1242 (Arochlor 1242)°

081 Phenanthrene 107 PCB-1254 (Arochlor 1254)

082 1,2,5,6-Dibenzanthracene 108 PCB-1221 (Arochlor 1221)
(dibenzo[a,h]anthracene) 109 PCB-1232 (Arochlor 1232)

083 Indeno (1,2,3-cd) pyrene (2,3-o-phenylene 110 PCB-1248 (Arochlor 1248)
pyrene) 111 PCB-1260 (Arochlor 1260)

084 Pyrene 112 PCB-1016 (Arochlor 1016)

085 Tetrachloroethylene 113 Toxaphene

086 Toluene

087 Trichloroethylene

088 Vinyl chloride (chloroethylene)

089 Aldrin

090 Dieldrin

091 Chlordane (technical mixture and metabo-

114 Antimony
115 Arsenic
116 Asbestos
117 Beryllium
118 Cadmium
119 Chromium

lites)

092 4,4-DDT 120 Copper

093 4,4-DDE (p,p-DDX) 121 Cyanide, total

094 4,4-DDD (p,p-TDE) 122 Lead

095 alpha-Endosulfan 123 Mercury

096 beta-Endosulfan 124 Nickel

097 Endosulfan sulfate 125 Selenium

098 Endrin 126 Silver

099 Endrin aldehyde 127 Thallium

100 Heptachlor 128 Zinc

101 Heptachlor epoxide (BHC-hexachlorocyclo- 129 2,3,7,8-Tetrachloro-dibenzo-p-dioxin
hexane) (TCDD)

? There were originally 129 priority pollutants, but three had been removed from the list by the time the
source regulation was issued.

PPCB = polychlorinated biphenyls.
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The general pretreatment regulations (40 CFR 403) on which pretreatment pro-
grams nationwide are based establish the procedures, responsibilities, and require-
ments for industries and federal, state, and local regulatory agencies. Control author-
ities, which may be POTWs if authorized by their respective states, or the state itself,
are primarily responsible for enforcing the pretreatment regulations. The regulations
include “prohibited discharge standards” for all nondomestic (industrial) POTW
users (40 CFR 403.5) and “categorical pretreatment standards” for specific industries
(40 CFR 405-471).

Pretreatment programs are not limited to priority pollutants. For example, the
Miami, Florida, Water and Sewer Department’s program establishes limits for all
toxic organics in wastewater (Miami-Dade County, Florida, 2006), and the pretreat-
ment standards for petroleum refineries (40 CFR 419.15) address only conventional
pollutants. Pretreatment standards for conventional pollutants ensure that a POTW’s
treatment capacity is not overwhelmed by industrial discharges. [For more informa-
tion on the pretreatment program, see U.S. EPA’s Introduction to the National Pretreat-
ment Program (U.S. EPA, 1999a).]

Prohibitions. The general pretreatment regulations list several discharge prohibi-
tions (40 CFR 403.5). In general, an industrial user’s discharge to a POTW may not
interfere with treatment plant processes or sludge disposal options, or pass through
the plant untreated. Nor can the following eight types of pollutants be introduced to
a POTW [40 CFR 403.5(b)]:

1. “Pollutants which create a fire or explosion hazard in the POTW, including,
but not limited to, wastestreams with a closed cup flashpoint of less than
140° F or 60° C using the test methods specified in 40 CFR 261.21;

2. Pollutants which will cause corrosive structural damage to the POTW, but
in no case Discharges with pH lower than 5.0, unless the works is specifi-
cally 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 oxygen demanding pollutants (BOD, etc.) released
in a Discharge at a flow rate and/or pollutant concentration which will
cause Interference with the POTW;

5. Heat in amounts which will inhibit biological activity in the POTW resulting
in Interference, but in no case heat in such quantities that the temperature at
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the POTW Treatment Plant exceeds 40° C (104° F) unless the Approval
Authority, upon request of the POTW, approves alternate temperature limits;

6. Petroleum oil, nonbiodegradable cutting oil, or products of mineral oil
origin in amounts that will cause interference or pass through;

7. Pollutants which result in the presence of toxic gases, vapors, or fumes
within the POTW in a quantity that may cause acute worker health and
safety problems;

8. Any trucked or hauled pollutants, except at discharge points designated by
the POTW.”

If a POTW determines that these prohibitions are not enough to protect it against
interference or pass-through via industrial users, it can set and enforce the local pol-
lutant limits deemed necessary [40 CFR 403.5(d)]. For more information, see the
“Local Pretreatment Limits” section of this chapter.

Categorical Pretreatment Standards. As of March 31, 2007, the U.S. EPA had
established pretreatment standards for 35 categories of industrial facilities (Table
2.2). For details of the most current pretreatment standards, see 40 CFR Chapter I,
Subchapter N.

There are basically two types of categorical pretreatment standards:

® Pretreatment standards for existing sources (PSES), which the U.S. Environ-
mental Protection Agency (U.S. EPA) establishes taking into account the cost
of upgrading existing systems versus the benefits obtained; and

® Pretreatment standards for new sources (PSNS), which require new sources to
install the best available technology when constructing their facilities.

U.S. EPA promulgates categorical pretreatment and direct-discharge standards
for new sources at the same time [40 CFR 401.1(g)], so they are found in the same reg-
ulatory section. However, the electroplating industry has only pretreatment stan-
dards because regulators determined that electroplating facilities do not discharge
directly to waterbodies (40 CFR 413).

Categorical pretreatment standards may include concentration (expressed in
mass per volume of wastewater) and/or mass limits (expressed as mass per unit of
production) for specific pollutants [40 CFR 403.6(c)]. They usually specify max-
imum daily limits, a maximum monthly average, or a 4-day average standard. If
only one type of limit (i.e., either concentration or mass) is listed, local regulators

13
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TABLE 2.2 Industries with categorical pretreatment standards (U.S. EPA, 1999; CFR Parts 405

through 471, as of March 31, 2007).7

Subcategory®

Point source category 40 CFR part number PSES PSNS©
Aluminum forming 467 A-F A-F
Battery manufacturing 461 A-G A-G
Carbon black manufacturing 458 — A-D
Centralized waste treatment 437 A-D A-D
Coil coating 465 A-D A-D
Concentrated animal feeding operations 412 A-D A-D
Copper forming 468 A A
Electrical and electronic components 469 A-D A-D
Electroplating 413 A-B,D-H —
Fertilizer manufacturing 418 — A-G
Glass manufacturing 426 — H, K-M
Grain mills 406 — A
Ink formulating 447 — A
Inorganic chemicals manufacturing 415 A-BO A-BO
Iron and steel manufacturing 420 A-F,H-],L A-F,H-J,L
Leather tanning and finishing 425 A-1 A-T
Metal finishing 433 A A
Metal molding and casting 464 A-D A-D
Nonferrous metals forming and metal powders 471 A-J A-J
Nonferrous metals manufacturing 421 B-AE B-AE
Oil and gas extraction 435 D D
Organic chemicals, plastics, and synthetic fibers 414 B-H, K B-H, K
Paint formulating 446 — A
Paving and roofing materials (tars and asphalt) 443 — A-D
Pesticide chemicals 455 ACE ACE
Petroleum refining 419 A-E A-E
Pharmaceutical manufacturing 439 A-D A-D
Porcelain enameling 466 A-D A-D
Pulp, paper, and paperboard 430 A-G,I-L A-G,I-L
Rubber manufacturing 428 — E-K
Soap and detergent manufacturing 417 — O-R
Steam electric power generating 423 Established Established
Timber products processing 429 F-H F-H
Transportation equipment cleaning 442 A-C A-C
Waste combustors 444 A A

*Categories shown are those with numerical pretreatment standards or prohibition of discharge to publicly owned
treatment works, either complete or partial. The other categories regulated under 40 CFR Parts 405 through 471 either

have no pretreatment requirement or are only required to meet the 40 CFR Part 403 requirements.

b,

— = not established in the regulations; A through AE = subparts assigned to the subcategories within each point

source category (see Chapter 6); Established = the category has pretreatment standards, even though there are no sub-
categories; PSES = pretreatment standards for existing sources; PSNS = pretreatment standards for new sources.

‘New sources are regulated processes for which construction started after the date the PSNS were proposed. See 40 CFR

Part 122.2 for the distinction between a “new source” and a “new discharger.”
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may calculate equivalent limits based on the industrial user’s average production
rate or daily regulated process wastewater flow rate [40 CFR 403.6(c)(3) to (5)]. The
equivalent limits are then that user’s pretreatment standards [40 CFR 403.6(c)(7)].

Industrial users may not use dilution to meet the pretreatment standards [40 CFR
403.6(d)]; in fact, local regulators may impose mass limits to ensure that adequate
pretreatment is provided. If process effluents are mixed with other wastestreams
before treatment, the control authority may establish alternate concentration or mass
limits based on the dilution provided by the non-process effluents [40 CFR 403 CFR
6(e)]. However, the alternate limits may not be used if they are below a pollutant’s
analytical detection limit; in this case, the control authority may require segregation
of the wastewater to allow its proper monitoring [40 CFR 403.6(e)(2)]. Also, the mon-
itoring location will be different if an alternate pretreatment standard is being used
[40 CFR 403.6(e)(4)].

Industrial User Definitions. The pretreatment regulations currently have require-
ments for both categorical and significant non-categorical industrial users. To deter-
mine whether an industrial user is covered by a categorical pretreatment standard,
see 40 CFR 403.6 and the appropriate subchapters of 40 CFR Chapter N (Table 2.2
shows the currently regulated industries). When new categorical standards are pro-
mulgated, industrial users and POTWs have until 60 days after its effective date to
request the U.S. EPA to issue a written certification on whether a specific user fits in
the category and must meet its requirements [40 CFR 403.6(a)(1)]. If a POTW makes
this request, it must submit a copy to the affected industrial user, which has 30 days
to comment on the request.

Industrial users that are not categorical users may still be significant non-categor-
ical industrial users, which must meet the pretreatment limits established by the local
regulators. According to 40 CFR 403.3(v)(1), there are two types of significant indus-
trial users:

* Those covered by a categorical pretreatment standard (40 CFR 403.3(v)(1)(i);
and

* Those that discharge more than 95 m?®/d (25 000 gpd) of process wastewater—
excluding sanitary, noncontact cooling and boiler blowdown wastewater—on
average, contribute process wastewater at more than 5% of the POTW’s
average dry-weather hydraulic or organic capacity, or are reasonably likely to
adversely affect POTW operations or violate a pretreatment requirement (as
determined by regulators) [40 CFR 403.3(v)(1)(ii)].

15
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The regulators may make a determination that significant users that meet 40 CFR
403.3(v)(1)(i) or (1)(ii) are non-significant users if they meet the conditions specified
in 40 CFR 403.3(v)(2) or (3), respectively.

The publicly owned treatment works must notify each significant industrial user
of its status and the related requirements [40 CFR 403.8(f)(2)(iii)]. Users must be noti-
fied within 30 days once the appropriate authority (typically the regional U.S. EPA
office) has approved the POTW’s list of significant industrial users [which is required
under 40 CFR 403.8(f)(6)].

Requirements for All Industrial Users. Every industrial user must meet certain
requirements of the general pretreatment regulations. For example, all industrial
users must allow the POTW to randomly sample and analyze their discharges for
possible violations [40 CFR 403.8(f)(2)(v)], report various data on their discharges at a
POTW-specified schedule [40 CFR 403.12(h)], immediately notify the POTW about
any discharge that could cause problems for the treatment works [40 CFR 403.12(f)],
and notify the POTW of any pretreatment standard violation within 24 hours of
becoming aware of it [40 CFR 403.12(g)(2)].

Also, all industrial users must notify the POTW, the state’s hazardous waste
authorities, and the U.S. EPA Regional Waste Management Division Director in
writing about any discharge that would be considered a hazardous waste if dis-
posed via another method [40 CFR 403.12(p)]. The requirements contain specific
directions on exemptions, the contents of the written notice, and the signed certifi-
cation statement.

Users discharging stormwater associated with certain industrial activities [40
CFR 122.26(a)(14)] to large or medium municipal separate storm sewer systems [40
CFR 122.26(b)(4) and (7)] must provide the following information to the municipal
authority [40 CFR 122.26(a)(4)]:

¢ Facility name,

¢ Contact name and telephone number,

* Location of the discharge,

¢ A description of its principal products or services, and

* Any existing National Pollutant Discharge Elimination System (NPDES) permits.

For more information on NPDES permits, see the “Direct-Discharge Regula-
tions” section of this chapter.
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Reporting Requirements for Categorical Industrial Users. Categorical indus-
trial users have certain reporting, recordkeeping, and other obligations. The
reporting requirements for existing categorical industrial users include the following
(40 CFR 403.12):

* A baseline monitoring report within 180 days after a categorical pretreatment
standard takes effect or after the POTW makes a formal determination that the
industrial user is subject to pretreatment standards and notifies the industrial
user. It includes a brief process description, the pretreatment standards applic-
able to each regulated process, the flowrate and analytical data for the waste-
water from each regulated process, a statement certifying that the user is
either in compliance with the standards or will adhere to a schedule (to be
provided in the report) bringing it in compliance by the applicable date (40
CFR 403.12[b]).

¢ If a compliance schedule is necessary, a progress report within 14 days of each
milestone date. The milestones must be less than 9 months apart, and each
report must be filed within 9 months of the previous one [40 CFR 403.12(c)].

* A compliance report within 90 days of the compliance date (the day that the
industrial user first meets the relevant categorical pretreatment standards,
which must be less than 3 years after they were promulgated). It must certify
that compliance has been achieved and include appropriate monitoring data
supporting this assertion [40 CFR 403.12(d)].

¢ Continued compliance reports every June and December. They contain moni-
toring results of flows and pollutant concentrations or mass, depending on the
applicable limits [40 CFR 403.12(e)(1)]. Regulators may require users to submit
these reports more frequently. They also may reduce the reporting frequency
to once a year if the industrial user meets the conditions in 40 CFR 403.12(e)(3).

Categorical industrial users that are new sources must meet similar reporting
requirements, but the deadlines are different (40 CFR 403.12).

Industrial users also may have to meet other significant reporting requirements,
including signatory and recordkeeping requirements (see 40 CFR 403.12). Although
the federal categorical pretreatment regulations sometimes require industrial users
to monitor for long lists of parameters, POTWs may waive the requirement to mon-
itor some pollutants if an industrial user demonstrates that it meets the conditions in
40 CFR 403.12(e)(2).

17
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According to 40 CFR 403.12(q), non-significant categorical industrial users only
have to submit an annual certification that they met the conditions in 40 CFR
403.3(v)(2).

Reporting Requirements for Significant Noncategorical Industrial Users.
Significant industrial users must file special reports every 6 months, even if they are
not categorical users [40 CFR 403.12(h)]. These reports contain much of the same
information specified above for categorical users. The reporting deadlines are speci-
fied by the POTWs.

Other Provisions. The general pretreatment regulations contain other provisions
that all industrial users should evaluate.

Removal Credits. Industrial users subject to categorical pretreatment standards may
apply for removal credits at POTWs that meet certain requirements; if the removal
credit is approved, the industrial user will receive pretreatment standards that are
greater than the corresponding categorical limits because the removal achieved at the
POTW for the pollutants is taken into account. Only POTWs that have received
approval of a petition to grant removal credits to U.S. EPA (or a U.S. EPA-authorized
state) may elect to issue removal credits [40 CFR 403.7(a)(3)]. The POTW can only
receive such approval if it meets the conditions in 40 CFR 403.7(a)(3), which include
having an approved pretreatment program or awaiting approval of an approved pre-
treatment program, consistently removing the related pollutants as specified under
40 CFR 403.7(b), and not exceeding any federal, state, or local sludge requirements
for the sludge management method it uses. Removal credits are available for the fol-
lowing pollutants:

* Those included in Table 2.3 when a POTW's solids disposal practices meet 40
CFR 503’s requirements.

* Those included in Table 2.4 if the pollutants’ concentrations in the POTW's
solids are less than those in this table.

* Any pollutant in the POTW’s wastewater treatment residuals if the POTW sends
them to a municipal solid waste landfill that meets 40 CFR 258 requirements.

Pretreatment Program Requirements. The regulatory provisions pertaining to estab-
lishing or modifying a POTW'’s pretreatment program (40 CFR 403.8 and 403.9) have
certain spin-off requirements for industrial users. Therefore, industrial users should
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TABLE 2.3 Regulated pollutants in 40 CFR Part 503 eligible for a removal credit (40 CFR Part
403, Section 403.7 and Appendix G, Section I).

Use or disposal practice

Pollutant Land application Surface disposal® Incineration®
Arsenic X X X
Beryllium —c — X
Cadmium X _ X
Chromium — X X
Copper X — —
Lead X — X
Mercury X — X
Molybdenum X — —
Nickel X X X
Selenium X — —
Zinc X — —
Total hydrocarbons — — x4

? Surface disposal site without a liner and leachate collection system.

P Firing of sludge in an incinerator.

C

— = value not specified.

4 The following organic pollutants are eligible for a removal credit if the requirements for total hydrocar-
bons in Subpart E of 40 CFR Part 503 are met when sludge is fired in an incinerator: acrylonitrile,
aldrin/dieldrin (total), benzene, benzidine, benzo(a)pyrene, bis(2-chloroehtyl)ether,
bis(2-ethylhexyl)phthalate, bromodichloromethane, bromoethane, bromoform, carbon tetrachloride,
chlordane, chloroform, chloromethane, DDD, DDE, DDT, dibromochloromethane, dibutyl phthalate,
1,2-dichloroethane, 1,1-dichloroethylene, 2,4-dichlorophenol, 1,3-dichloropropene, diethyl phthalate,
2,4-dinitrophenol, 1,2-diphenylhydrazine, di-n-butyl phthalate, endosulfan, endrin, ethylbenzene,
heptachlor, heptachlor epoxide, hexachlorobutadiene, alpha-hexachlorocyclohexane, beta-
hexachlorocyclohexane, hexachlorocyclopentadiene, hexachloroethane, hydrogen cyanide, isophorone,
lindane, methylene chloride, nitrobenzene, n-nitrosodimethylamine, n-nitrosodi-n-propylamine,
pentachlorophenol, phenol, polychlorinated biphenyls, 2,3,7,8-tetrachlorodibenzo-p-dioxin, 1,1,2,2-
tetrachloroethane, tetrachloroethylene, toluene, toxaphene, trichloroethylene, 1,2,4-trichlorobenzene,
1,1,1-trichloroethane, 1,1,2-trichloroethane, and 2,4,6-trichlorophenol.

provide comments on proposed new programs or modifications, if appropriate.
Industrial users should consult U.S. EPA’s guidance materials on preparing pretreat-
ment programs (U.S. EPA, 2004a) and U.S. EPA’s “model pretreatment ordinance”
document before commenting, to ensure that the local POTW is applying the regula-
tions correctly (U.S. EPA, 2007a).
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TABLE 2.4 Additional pollutants eligible for a removal credit (mg/kg-dry weight basis)

(40 CFR Part 403, Section 403.7 and Appendix G, Section II).

Use or disposal practice

Surface disposal

Pollutant Land application Unlined? Lined® Incineration
Arsenic —C — 100 000 —
Aldrin/dieldrin (total) 2.7 — — —
Benzene 16 000 140 3400 —
Benzo(a)pyrene 15 100 000 100 000 —
Bis(2-ethylhexyl)phthalate — 100 000 100 000 —
Cadmium — 100 000 100 000 —
Chlordane 86 100 000 100 000 —
Chromium (total) 100 000 — 100 000 —
Copper — 46 000 100 1400
DDD, DDE, DDT (total) 12 2000 2000 —
2,4-Dichlorophenoxy-acetic acid — 7 7 —
Fluoride 730 — — —
Heptachlor 7.4 — — —
Hexachlorobenzene 29 — — —
Hexachlorobutadiene 600 — — —
Iron 78 000 — — —
Lead — 100 000 100 000 —
Lindane 84 28 000 28 000 —
Malathion — 0.63 0.63 —
Mercury — 100 000 100 000 —
Molybdenum — 40 40 —
Nickel — — 100 000 —
n-Nitrosodimethylamine 21 0.088 0.088 —
Pentachlorophenol 30 — — —
Phenol — 82 82 —
Polychlorinated biphenyls 4.6 50 50 —
Selenium — 4.8 4.8 4.8
Toxaphene 10 26 000 26 000 —
Trichloroethylene 10 000 9500 10 000 —
Zinc — 4500 4500 4 500

@ Active sludge unit without a liner and leachate collection system.

P Active sludge unit with a liner and leachate collection system.

¢— = value not specified.
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Variances. Variances from categorical pretreatment standards (40 CFR 403.13) can
only be used to modify standards for individual pollutants. They are based on a
demonstration that an industrial user’s factors (e.g., volume of wastewater, type of
processes, or compliance costs) are fundamentally different from those considered
when establishing the applicable standard.

Other. Four other sections worthy of consideration include 40 CFR 403.14 (Confiden-
tiality), 40 CFR 403.15 (Net/Gross Calculations), 40 CFR 403.16 (Upset Provision),
and 40 CFR 403.17 (Bypass). Careful review of these provisions is important to ensure
that proprietary information is adequately protected while enforceable requirements
are met.

Regulatory Outlook. This discussion pertains to the national pretreatment pro-
gram that existed as of March 31, 2007. For details on U.S. EPA’s plans regarding
future effluent limitations, see the “Direct-Discharge Regulations” section of this
chapter. Readers should supplement the references in this manual with any new U.S.
EPA regulations in existence when design and facility development activities are
undertaken.

LOCAL PRETREATMENT LIMITS. A publicly owned treatment works must
have a pretreatment program if

e Its design flow is more than 0.22 m?/s (5 mgd) and its industrial users’ dis-
charges are subject to pretreatment standards or contain pollutants that may
pass through or interfere with POTW operations; or

® Regulators have determined that it needs a pretreatment program because of
the nature or volume of industrial user discharges or because of POTW upsets,
biosolids contamination, or other circumstances [40 CFR 403.8(a)].

The pretreatment program may be administered by a private company. For
example, the Indianapolis, Indiana, pretreatment program is administered by United
Water, the city’s POTW operations contractor.

Limits. Before deciding to install a new plant or increase production, industrial
users should consult the general, categorical, and local pretreatment standards and
determine how much wastewater pretreatment will be required. Local limits must
take into account both the area’s water quality management plans [40 CFR 403.9(g)]
and the U.S. EPA’s general pretreatment standards. Publicly owned treatment works
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also may develop best management practices (BMPs) to achieve local pretreatment
limits, and these BMPs are considered to be pretreatment standards, according to a
federal rule promulgated on October 15, 2005 [40 CFR 403.5(c)(4)]. (For more infor-
mation on BMPs, see the “Direct-Discharge Regulations” section in this chapter.)

Local limits may be more stringent than categorical or general pretreatment stan-
dards. They are established at the POTW’s discretion, based on its treatment system,
effluent or biosolids disposal options, and NPDES permit. So, local limits may differ
from city to city (Table 2.5). These limits may be based on maximum concentrations
at any time, monthly averages, daily maximums, grab samples, composite samples,
or even total mass. Following are examples of differences in local limits and pretreat-
ment ordinances:

¢ In Des Moines, Iowa, industrial users are prohibited from discharging certain
pollutants (such as BOD, arsenic, phenols, cyanide) in quantities that, when
combined with the discharges from all other sources, will exceed a certain
mass per day in the POTW’s influent. They also must meet daily maximum
limits on benzene alone and combined with toluene, ethylbenzene, and
xylenes (BTEX) in gasoline-cleanup projects (Des Moines, Iowa, 2006).

¢ Chicago has stringent mercury limits because the states in the Great Lakes
basin are required to reduce bioaccumulative, toxic, and persistent substances
in their wastewater discharges (Metropolitan Water Reclamation District of
Greater Chicago, 2005a).

¢ Hampden Township, Pennsylvania, has established local limits for BOD, TSS,
ammonia as nitrogen, and total phosphorus as phosphate (PO,) (Hampden
Township, Pennsylvania, 2006).

* Miami has daily mass limits for BOD and TSS discharges, and instantaneous
limits for chlorinated hydrocarbons (e.g., carbon tetrachloride, 1,2-cis-
dichloroethylene, tetrachloroethylene, trichloroethylene, and vinyl chloride)
(Miami-Dade County, 2006).

* Houston does not have pretreatment standards for toxic organic pollutants
because it demonstrated, in accordance with 40 CFR 403.8(f)(4), that they were
unnecessary. (For more information, see http://www.infosolinc.net/edis-
chargepermits /houston_site and click on “Local Limits.”)

* Los Angeles may require BMPs to reduce POTW pollutant loadings and pre-
treatment to remove compounds that may interfere with the ability to reuse
treated wastewater (City of Los Angeles, 2001).
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TABLE 2.5 Examples of local pretreatment instantaneous maximum limits (Chicago, 2005b;
Des Moines, lowa, 2006; Hampden Township, Pennsylvania, 2006; Houston, Texas, 2006A;
Los Angeles, 2001; Miami Dade, 2006).

Hampden Los
Chicago, Des Moines, Township, Houston, Angeles, Miami,
Pollutant Illinois Iowa Pennsylvania Texas California® Florida
Ammonia, mg/L —b < 40 — — 100
(as nitrogen) (un-ionized)

Arsenic (total), mg/L — 0.0069d — 3¢ 3 0.325
Barium (total), mg/L — 6.184 — — — —
Benzene (for gasoline — 0.05 — — None 200¢

remediation projects), mg/L
Benzene, ethylbenzene, toluene, — 0.75 — — None —

and xylenes (sum, for gasoline

remediation projects), mg/L
Biochemical oxygen demand, — N 5008 — — 200¢

mg/L
Cadmium, mg/L 2 0.244 0.14 0.4¢ 15 0.187
Carbon tetrachloride, mg/L — — — — None 0.22
Chromium (total), mg/L 25 6.0¢ 0.84 3¢ 10 7.6
Chromium (hexavalent), mg/L 10 3.94 — — — —
Copper (total), mg/L 3 0.75¢ 0.22 3¢ 15 0.5
Cyanide (free), mg/L — — — — 2 —
Cyanide (total), mg/L 5 0.24 17.6 g 10 0.5
1,2-cis-Dichloroethylene — — — — None 3.75
Fats, oils, and greases 250 — 140 4001 — 100

(total), mg/LJ
Fluoride (total), mg/L — 11.374 — — — —
Iron (total), mg/L 250 — — — — —
Lead (total), mg/L 0.5 1.074 7.0 1.5¢ 5 0.7
Manganese (total), mg/L — 6.36° — — — 1.9
Mercury (total), mg/L 0.0025 10 0.35¢ 0.04 0.02¢ None 0.01
Molybdenum (total), mg/L — — — — — 0.4
Nickel (total), mg/L 10 1.28d 0.72 3¢ 12 0.39
Oil and grease (mineral), mg/L ~ — 100 — — — —
Oil and grease (dispersed, total), — 400 — — 600 —

mg/L
Oil and grease (floatable) — — — —  None visible —
Organics, man-made 11 — — — — None —
pH range, standard units 5-1012 5-12 59 5-11 5.5-11 5.5-11.5
Phenols (total), mg/L — 7.824 944 — — —

(continued on next page)
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TABLE 2.5 (Continued)

Hampden Los
Chicago, Des Moines, Township, Houston, Angeles, Miami,
Pollutant Illinois Iowa Pennsylvania Texas California® Florida
Phosphorus as phosphate — — 40 — — —
(total), mg/L
Polychlorinated biphenyls, — — — — — 0.008
mg/L
Selenium (total), mg/L — 0.59d — 5¢ — 0.65
Silver (total), mg/L — 0.68d 0.48 2¢ 5 0.60
Sulfides, mg/L — — — 5¢ 0.1 (dissolved) —
Temperature, °C < 66 < 66 < 66 <45 <60 < 66
°F < 150 <150 < 150 <113 < 140 < 150
Tetrachloroethylene, mg/L — — — — None 0.125
Thallium, mg/L — — — — — 0.0005
Total Kjeldahl nitrogen, mg/L — N — — — —
Total petroleum hydrocarbon, — 10.0 — — — 50
mg/L
Total suspended solids, mg/L — ¢ 500 — — 200f
Trichloroethylene, mg/L — — — — None 0.16
Vinyl chloride, mg/L — — — — None 0.08
Zinc (total), mg/L 15 1.5¢ 49 6° 25 6.8

* Additional limits may be imposed for other compounds if they would interfere with the reclamation or
reuse of the treated wastewater or biosolids or with the POTW’s compliance with its air quality limits.

b — = value not specified.

¢ Only 30-day average mass limits for the aggregate of all industrial discharges to the POTW established.
4 Monthly averages and daily maximum mass limits also established.

¢ The ordinance also establishes limits for composite samples.

f For a total of 65.9 kg/d (145 Ib/d), not to exceed the concentration shown unless allowed by the POTW.
& Average 5-day BOD (no time period specified).

P Less than what would liberate hydrogen cyanide gas over 2 mg/L as cyanide (including cyanogens).

! Average concentration (no time period specified).

J Hexane-extractable materials, U.S. EPA Method 1664.

K Value shown is an instantaneous limit; other limits include 0.001 mg/L for daily composites and 0.0005
mg/L for monthly averages. Higher concentrations allowed in certain cases.

! Includes total identifiable chlorinated hydrocarbons not already indicated in the table, gasoline,
kerosene, naphtha, ethers, alcohols, ketones, aldehydes, peroxides, chlorates, perchlorates, bromates, car-
bides, hydrides, solvents, pesticides or jet fuel.

™ Continuously monitored discharges may exceed upper pH by less than 0.5 unit for a maximum of 4
hours in any calendar day.

" Recoverable, silica gel-treated hexane-extractable materials, U.S. EPA Method 1664.
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Sometimes, local regulations prohibit industrial wastewater from being dis-
charged without a permit or approval from the pretreatment authority.

Industrial users can and should comment on proposed local limits to prevent
them from becoming onerous—especially if they are unnecessary for the POTW to
meet its NPDES discharge limits and dispose of its sludge cost-effectively [40 CFR
403.5(c)(3)]. Industrial users also can cooperate with the POTW to improve the treat-
ment works’ performance and thereby ameliorate pretreatment requirements.

Fees or Surcharges. Publicly owned treatment works typically charge fees or sur-
charges for treating industrial wastewater (see Table 2.6 for examples). Some fees
correspond proportionally (based on flow rate) to the cost of constructing, operating,
and maintaining the POTW. Others reflect the additional effort required compared
to a POTW that treats only domestic wastewater. Surcharges may be applied to flow
rates above certain values, excess BOD and TSS, or concentrations of other pollutants
(e.g., total Kjeldahl nitrogen and oil and grease). Other fees may be applied for such
items as sewer connections, permitting, and wastewater effluent analysis.

When designing a pretreatment system, industrial users should select the most
cost-effective option based on a comparison of pretreatment costs with the applicable
surcharges and fees.

Permitting. According to 40 CFR 403.8(f)(1)(iii), significant industrial users must
have a permit, an equivalent individual control mechanism, or a general control
mechanism for meeting the conditions specified in 40 CFR 403.8(f)(1)(iii)(A). (An
equivalent control mechanism is something with as much specificity and control as a
permit.) The permit or control mechanism must be renewed every 5 years (or
sooner), be enforceable, and contain requirements for:

e Effluent limits,

¢ Self-monitoring,

e Sampling,

* Reporting,

¢ Notification, and

® Recordkeeping.

Permits also must include applicable civil and criminal penalties for noncompli-
ance. However, compliance with the permit terms does not shield an industrial user

from liability for failing to comply with federal pretreatment requirements that were
not noted in the permit.
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TABLE 2.6 Example of user fees or surcharges (Chicago, Illinois, 2005b; Des Moines, lowa,
2006; Hampden Township, Pennsylvania, 2006; Houston, Texas, 2006a; City of Los Angeles,
California, accessed May, 28, 2006; City of Los Angeles, California, 1997; Miami-Dade, 2002).

City, state Type of charge Charge®
Chicago, Illinois User charge® TSS = $0.40/kg ($0.18/1b)
BOD = $0.53/kg ($0.24/1b)
Flowrate = $59.70/1 000 m? ($225.80/MG)
Des Moines, Iowa Surcharge TSS = $0.35/kg ($0.16/1b) over 250 mg/L
BOD* = $0.24/kg ($0.11/1b) over 200 mg/L
TKN¢ = $1.34/kg ($0.61/1b) over 30 mg/L
0&G = $0.13/kg ($0.06/1b) over 100 mg/L
Hampden Township, Sewer rate (SR) $75.28/q for first 45.42 m®/q (12 000 gal/q), plus
Pennsylvania $1.52/(m>/q) ($5.75/1 000 gal/q) over 45.42 m®/q
(12 000 gal/q)
Surcharge BOD = 0.002 X SR X BOD over 250 mg/L
TSS = 0.001 X SR X TSS over 250 mg/L
P = 0.003 X SR X P over 20 mg/L
N = 0.006 X SR X N over 20 mg/L
0&G = 0.002 X SR X O&G over 70 mg/L
Houston, Texas Sewer service charge® Minimum = $12.17 for 7.57 m® (2 000 gal) or
less, plus
$1.23/m? ($4.64/1 000 gal) for > 7.57 m*® (2 000 gal)
Surcharge’ BOD = $0.46/kg ($0.21/1b) over 350 mg/L
TSS = $0.97 /kg ($0.44/1b) over 375 mg/L
Los Angeles, California ~ Sewer service charge $0.94/m? ($2.66/748 gal)
Surcharge BOD = $0.57/kg ($0.26/1b) over 215 mg/L
TSS = $0.75/kg ($0.34/1b) over 205 mg/L
Miami, Florida Sewer rate Base charge = $3.00, plus

$0.45/m3 ($1.28/ ccf) for 0-14 m® (0-5 ccf)
$0.73/m3 ($2.06/ ccf) for 17-48 m? (6-17 ccf)
$0.90/m3 ($2.55/ ccf) for 51 m® (18 ccf) and over

?Rounded to two decimal figures; N = ammonia as nitrogen; O&G = oil and grease; P = total phospho-
rus as phosphate; q = quarter (3 months); TKN = total Kjeldahl nitrogen.

P Under certain conditions, the total user charge is reduced by a percentage (56.8%) of the real estate taxes
paid on the previous year.

¢ Chemical oxygen demand may be used instead of BOD.
94 Ammonia nitrogen may be used instead of TKN.

¢ For users taking city water.

f Surcharge adjusted annually on April 1.
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Some POTWSs monitor industrial users’ effluent (for a fee), while others require
the industry to monitor itself. If the POTW collects all the data required for periodic
reports (e.g., flows and concentrations in effluent samples), industrial users do not
have to meet the periodic reporting requirements of 40 CFR 403.12(e).

If local pretreatment regulations allow effluent trading, then industrial users can
meet their local limits by establishing a trading agreement with another industrial
user that has a treatment facility and has or can produce pollutant credits (New
Jersey Chemical Industry Project—Effluent Trading Team, 1998). (Pollutant credits
are excess removal of pollutants over the local requirements, and must be certified
by the regulatory agency.) However, industrial users still need to meet their federal
categorical pretreatment standards. The trading agreement would typically consist
of a purchasing industrial user paying another user for the extra operation and main-
tenance cost of reducing pollutant concentrations below its local requirements. This
results in a net reduction of the pollutant mass discharged to the POTW at a lower
cost than if the purchaser of pollutant credits were to install a new wastewater treat-
ment plant or process to remove that pollutant. The local authority must approve the
agreement between the trading partners.

DIRECT-DISCHARGE REGULATIONS

PROHIBITIONS AND DEFINITIONS. The Clean Water Act forbids point
sources from discharging pollutants to navigable U.S. waters without a permit [CWA
Sec. 301(a)]. According to 40 CFR 401.11(d), a point source is an entity that discharges
wastewater into waters of the United States via a discrete conveyance (e.g., a pipe,
ditch, or channel). Point sources that discharge directly into waters of the United
States are “direct dischargers” and must obtain an NPDES permit for this activity.

According to 40 CFR 401.11(l), waters of the United States include navigable
waters; tributaries of navigable waters; interstate waters; and intrastate lakes, rivers,
and streams that are

¢ Used by interstate travelers for recreation and other purposes,
e Sources of fish or shellfish sold in interstate commerce, or

® Used for industrial purposes by industries engaged in interstate commerce.

The Clean Water Act requires wastewater to be treated via at least the “best treat-
ment technology economically achievable,” regardless of the receiving waterbody’s
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condition. However, if the receiving waters still do not meet water quality standards,
more stringent limits may be imposed [CWA Sec. 301(b)]. So, the discharge location
can be critical in designing a cost-effective wastewater treatment system.

CATEGORICAL REQUIREMENTS. The Clean Water Act required U.S. EPA to
develop effluent limitations for a number of non-municipal dischargers. As of March
31, 2007, the agency had issued effluent limitations for 56 categories of point sources
(see Table 2.7 and 40 CFR 405-471). Electroplating is the only category without direct-
discharge effluent limitations because such facilities invariably send their wastewater
to POTWs.

Types of Technology-Based Limitations. There currently are four technology-
based categories of limitations:

* Best Practicable Control Technology Currently Available (BPT). These limitations
apply to existing direct dischargers of conventional, nonconventional, and
toxic pollutants. When establishing BPT limitations, the U.S. EPA must con-
sider the age of the industry’s facilities and equipment, the processes used and
changes needed, the cost of the treatment process(es) required, non-water-
quality environmental effects, the anticipated benefits, and any other appro-
priate factors. Typically, BPT limitations are based on the average of the best
performing facilities in the industry, although they may be stricter if existing
performances are inadequate [CWA Sec. 304(b)(1)].

* Best Conventional Pollutant Control Technology (BCT). These are stricter limita-
tions for existing direct dischargers of conventional pollutants. When estab-
lishing BCT limitations, the U.S. EPA must conduct a two-part test that
involves comparing the cost of treating these pollutants at a POTW and deter-
mining whether meeting these limitations would cost more than 129% of BPT
costs [CWA Sec. 304(b)(4)].

* Best Available Technology Economically Achievable (BAT). These are stricter limi-
tations for existing direct dischargers of toxic and nonconventional pollutants.
When establishing BAT limitations, the U.S. EPA must consider the same fac-
tors used for BPT limitations, as well as economic achievability (i.e., the
overall financial effect on the industry). These limitations can include require-
ments for process and operational changes [CWA Sec. 304(b)(2)(B)].
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TABLE 2.7 Regulations on industrial effluent limitations (as of May 26, 2006).

Point source category 40 CFR part number
Aluminum forming 467
Asbestos manufacturing 427
Battery manufacturing 461
Canned and preserved fruits and vegetables processing 407
Canned and preserved seafood processing 408
Carbon black manufacturing 458
Cement manufacturing 411
Centralized waste treatment 437
Coal mining 434
Coil coating 465
Concentrated animal feeding operations 412
Concentrated aquatic animal production 451
Copper forming 468
Dairy products processing 405
Electrical and electronic components 469
Electroplating 413
Explosives manufacturing 457
Ferroalloy manufacturing 424
Fertilizer manufacturing 418
Glass manufacturing 426
Grain mills 406
Gum and wood chemicals manufacturing 454
Hospital 460
Ink formulating 447
Inorganic chemicals manufacturing 415
Iron and steel manufacturing 420
Landfills 445
Leather tanning and finishing 425
Meat and poultry products 432
Metal finishing 433
Metal molding and casting 464
Metal products and machinery 438
Mineral mining and processing 436
Nonferrous metals forming and metal powders 471
Nonferrous metals manufacturing 421
Oil and gas extraction 435
Ore mining and dressing 440

(continued on next page)
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TABLE 2.7 (Continued)

Point source category 40 CFR part number
Organic chemicals, plastics, and synthetic fibers 414
Paint formulating 446
Paving and roofing materials (tars and asphalt) 443
Pesticide chemicals 455
Petroleum refining 419
Pharmaceutical manufacturing 439
Phosphate manufacturing 422
Photography 459
Plastics molding and forming 463
Porcelain enameling 466
Pulp, paper, and paperboard 430
Rubber manufacturing 428
Soap and detergent manufacturing 417
Steam electric power generating 423
Sugar processing 409
Textile mills 410
Timber products processing 429
Transportation equipment cleaning 442
Waste combustors 444

* New Source Performance Standards (NSPS). These limitations apply to new

direct dischargers of conventional, nonconventional, and toxic pollutants.

They are based on the best available demonstrated contr

into account the related costs, non-water quality effects,

ments (CWA Sec. 306).

The pretreatment standards for existing and new sources (PSES and PSNS,

respectively) are established concurrently. (For more informati
ical Pretreatment Standards” section in this chapter.)

ol technology, taking

on, see the “Categor-

Numerical Limits. These effluent limitations can be based on pollutant concentra-
tion or mass (e.g., mass per unit of product, mass per unit of raw material, mass rate).

In fact, according to 40 CFR 122.45(f)(1), all permit limits, standards, or prohibitions

must be expressed in terms of mass units (e.g., pounds, kilograms, or grams) except for:

¢ Temperature, pH, radiation, and other pollutants that
via mass;

cannot be measured

and energy require-
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e Applicable standards and limitations expressed in other units of measure-
ment; or

¢ Pollutants that cannot be related to a measure of production (when estab-
lishing site-specific technology-based permit limits).

However expressed, all numerical limits must ensure that dilution will not be
used as a substitute for treatment.

Compliance Schedule. All direct-discharge limitations—except those in rules pro-
mulgated after the deadline—were to be met by March 31, 1989 [40 CFR 125.3(a)(2)].
New categorical effluent limitations must be met by their specified deadlines, which
typically are no more than 3 years after the relevant regulation was promulgated
[CWA Sec. 301(b)(2)]. However, a new source whose wastewater treatment facility
was built to meet all existing NSPS at the time of construction cannot be required to
meet more stringent standards until:

® 10 years after construction was completed or discharge began, or

¢ The facility is depreciated or amortized.

This protection does not apply to toxic pollutants without NSPS before the
facility was completed or to permit conditions that are not technology-based [40 CFR
122.29(d)(1)].

Other Potential Requirements. The effluent limitations for some industrial cate-
gories [e.g., pharmaceutical manufacturing (40 CFR 439) and electrical and electronic
components (40 CFR 469)] specify monitoring requirements that may include sam-
pling locations, monitoring parameters, and procedures for obtaining permission to
reduce the number of monitored parameters.

Other regulations assume the use of pollution prevention, water use minimization,
and waste minimization procedures [e.g., those for aluminum forming (40 CFR 467);
iron and steel manufacturing (40 CFR 420); and pulp, paper, and paperboard (40 CFR
430)]. Industrial facilities should evaluate these procedures to determine whether they
can help the facility meet the numerical effluent limits. (For more information on pollu-
tion prevention, water use minimization, and waste minimization procedures, see
Chapter 7.)

Need to Determine Applicable Requirements. Sometimes a manufacturing
facility or process has to meet effluent limitations for multiple industrial categories,
subcategories, or processes. The Metal Products & Machinery (MP&M) regulations
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(40 CFR 438), for example, apply to facilities that generate oily wastewater when
manufacturing, rebuilding, or maintaining finished metal products, parts, or
machines. Many diverse industries—aerospace, bus and truck, electronic equipment,
hardware, household equipment, instruments, miscellaneous metal products, mobile
industrial equipment, motor vehicle, office machine, precious metals and jewelry,
ordnance, railroad, ships and boats, and stationary industrial equipment—must met
these requirements. All facilities that operate a process regulated under the MP&M
limitations must comply with these rules, even if a pollutant is not regulated under
the industry’s categorical rules.

So, to determine which rules apply to their wastewaters, industrial facilities
must thoroughly evaluate not only the standards for their specific category or sub-
category but also those for each process (whether specific to the industry’s prod-
ucts or ancillary).

NPDES PERMITS. The National Pollutant Discharge Elimination System pro-
gram was created in 1972 to regulate wastewater discharges to U.S. waters (CWA
Sec. 402). Stormwater discharges were added to the NPDES program in 1990. The
related regulations can be found in 40 CFR 122. Industries also should review 40 CFR
123 (State Program Requirements), 40 CFR 124 (Procedures for Decisionmaking), 40
CFR 125 (Criteria and Standards for the National Pollutant Discharge Elimination
System), and 40 CER 129 (Toxic Pollutant Effluent Standards).

National Pollutant Discharge Elimination System permits are issued by either the
U.S. EPA or an agency-authorized state. Individual NPDES permit applications for con-
struction activities that disturb land [40 CFR 122.26(b)(14)(x) and (b)(15)(i)] must be sub-
mitted at least 90 days before the discharge begins, in accordance with 40 CFR 121(c)(1).
Applications for all other new discharges must be submitted at least 180 days before the
discharge is expected to begin and for permit renewal at least 180 days before the permit
expiration date. Applications are submitted to the applicable authority on standard
forms that include the requirements under 40 CFR 122, Subpart B, typically available
from the permitting authority. NPDES permits last a maximum of 5 years.

Industrial facilities must apply for coverage under a stormwater general permit
at least two days before the discharge commences under the current general permit
for industrial activities (U.S. EPA, 2000). However, the 2005 proposed stormwater
permit includes a 30-day wait period after coverage application (U.S. EPA, 2005a).
Other requirements for this type of permit are covered under the Types of NPDES
Permits section of this chapter.
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General Requirements. All industries must have an NPDES permit to discharge
any wastewater directly into a receiving waterbody. However, only some need an
NPDES permit to discharge stormwater to a receiving waterbody or a large or
medium municipal separate storm sewer system [see Table 2.8 and 40 CFR
122.26(b)(14)]. Large and medium municipal separate storm sewer systems are
located in places with populations of 250,000 people or more and between 100,000
and 250,000 people, respectively, or in places that meet other requirements listed
under 122.26(b)(4) and (7). All industries must notify the municipal authority if
they discharge to a separate storm sewer system. They do not need a permit to dis-
charge stormwater to combined sewer systems; such discharges are covered under
the pretreatment or NPDES permits.

Types of NPDES Permits. NPDES permits can be individual or general,
depending on such factors as geographical area, type of operation, and whether the
permit is for wastewater or stormwater (40 CFR 122.28). An individual permit may
include both wastewater and stormwater conditions. General permits typically are
for stormwater discharges. To apply for coverage under such permits, qualified
industrial facilities must submit a relevant notice of intent (NOI) after meeting all
applicable requirements of the general permit, because a certification of compliance
is required in the NOI (U.S. EPA, 2000). No stormwater permit is required for facili-
ties that meet the requirements for “no exposure” specified in 40 CFR 122.26(g).

To qualify for coverage under a general stormwater permit, a facility must have
a stormwater pollution prevention or management plan (based on BMPs) to mini-
mize pollutant concentrations in stormwater, among other requirements. Stormwater
BMPs may include installing a roof over an open dumpster, establishing spill-pre-
vention and -response procedures, and implementing good-housekeeping measures.
(For more information on BMPs, see the “Permit Contents” section in this chapter.)

Comment Periods. A major NPDES permitting requirement is a 30-day public
comment period so interested citizens can evaluate a new or renewed permit (40 CFR
124.10). The public also must be given 30-days notice of an NPDES permit-related
public hearing, which may be called at the regulators’ discretion or public’s request
(40 CFR 124.12). In addition, if the state is authorized to issue NPDES permits, the
U.S. EPA must be given up to 90 days to review and comment on each draft permit
(40 CFR 123.44). Comment periods and hearings are one reason why most NPDES
permit applications must be submitted 180 days before a new facility should begin
discharging or the existing permit expires [40 CFR 122.21(c)(1)].
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TABLE 2.8 Industries that must obtain stormwater NPDES permits (U.S. EPA, 1997).

Category

Description®

(i)

(ii)

Facilities subject to stormwater effluent limitation guidelines, new source performance stan-
dards, or toxic pollutant effluent standards under 40 CFR subchapter N (except facilities
with toxic pollutant effluent standards which are exempted under category [xi]). The list
below shows the existing 40 CFR Part Number for each of the industrial categories for which
effluent limitations have been issued.”

405
406
407

408

409

410
411
412
414

415
417
418
419
420
421
422
423
424
425
426
427

Dairy products processing

Grain mills

Canned and preserved fruits and
vegetable processing®

Canned and preserved seafood
processing

Beet, crystalline and liquid cane sugar
refining

Textile mills

Cement manufacturing

Feedlots®

Organic chemicals plastics and
synthetic fibers

Inorganic chemical manufacturing®
Soap and detergent manufacturing
Fertilizer manufacturing
Petroleum refining

Iron and steel manufacturing
Nonferrous metal manufacturing
Phosphate manufacturing®

Steam electric power

Ferroalloy manufacturing®

Leather tanning and finishing
Glass manufacturing®

Asbestos manufacturing

Facilities classified by the SIC codes below:

24

26

28

29

Lumber and wood products (except
2434 wood kitchen cabinets, see [xi])
Paper and allied products (except 265
Paperboard containers, 267 Converted
paper, see [xi])

Chemicals and allied products

(except 283 Drugs, see [xi])

Petroleum and coal products

428 Rubber manufacturing

429 Timber products processing

430 Pulp, paper, and paperboard®

431 Builder’s paper and board mills®

432 Meat products

433 Metal finishing

434 Coal mining®

436 Mineral mining and processing®

439 Pharmaceutical manufacturing®

440 Ore mining and dressing®

443 Paving and roofing materials

446 Paint formulating

447 Ink formulating

455 Pesticide chemicals®

458 Carbon black manufacturing

461 Battery manufacturing

463 Plastics molding and forming

464 Metal molding and casting

465 Coil coating

466 Porcelain enameling

467 Aluminum forming

468 Copper forming®

469 Electrical and electronic component

471 Nonferrous metal forming and
powders

311 Leather tanning and finishing

32 Stone, clay and glass production
(except 323 Products of purchased
glass, see [xi])

33 Primary metal industry

3441 Fabricated structural metal

373 Ship and boat building and repair
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Category

Description®

(iii)

(iv)

(vi)

(vii)

Mineral industry

Facilities classified as SIC codes 10-14, including active or inactive mining operations
(except for areas of coal mining operations no longer meeting the definition of a reclama-
tion area under 40 CFR 434.11[1] because the performance bond issued to the facility by
the appropriate SMCRA authority has been released, or areas of non-coal mining opera-
tions that have been released from applicable state or federal reclamation requirements
after December 17, 1990), and oil and gas exploration, production, processing, or treat-
ment operations, or transmission facilities that discharge stormwater contaminated by
contact with or that has come into contact with, any overburden, raw material, intermedi-
ate products, finished products, byproducts or waste products located on the site of such
operations (inactive mining operations are mining sites that are not being actively mined,
but which have an identifiable owner/operator; inactive mining sites do not include sites
where mining claims are being maintained prior to disturbances associated with the
extraction, beneficiation, or processing of mined materials, nor sites where minimal activ-
ities are undertaken for the sole purpose of maintaining a mining claim).

10 Metal mining (metallic mineral/ores) 13 Oil and gas extractionf

12 Coal mining 14 Non-metallic minerals except fuels

Oil and gas operations that discharge contaminated stormwater at any time between
November 16, 1987, and October 1, 1992, and that are currently not authorized by an
NPDES permit, must apply for a permit. Operators of oil and gas exploration, produc-
tion, processing, or treatment operations or transmission facilities, that are not required
to submit a permit application as of October 1, 1992 in accordance with 40 CFR
122.26(c)(1)(iii), but that after October 1, 1992, have a discharge of a reportable quantity of
oil or a hazardous substance (in a stormwater discharge) for which notification is
required pursuant to either 40 CFR 110.6, 117.21, or 302.6, must apply for a permit.f

Hazardous waste
Hazardous waste treatment, storage, or disposal facilities, including those that are oper-
ating under interim status or a permit under Subtitle C of RCRA.

Landfills

Landfills, land application sites, and open dumps that receive or have received any
industrial waste (waste that is received from any of the facilities described under cate-
gories [i]-[xi]) including those that are subject to regulations under Subtitle D of RCRA.

Facilities involved in the recycling of materials, including metal scrap yards, battery
reclaimers, salvage yards, and automobile junkyards, including but limited to those clas-
sified as SIC 5015 (used motor vehicle parts) and 5093 (scrap and waste materials).

Steam electric plants
Steam electric power generating facilities, including coal-handling sites.
(continued on next page)
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TABLE 2.8 (Continued)

Category

Description®

(viii)

(ix)

)

Transportation
Transportation facilities classified by the SIC codes listed below which have vehicle mainte-
nance shops, equipment cleaning operations, or airport deicing operations. Only those por-
tions of the facility that are either involved in vehicle maintenance (including vehicle
rehabilitation, mechanical repairs, painting, fueling, and lubrication), equipment cleaning
operations, airport deicing operations, or which are otherwise identified under categories
(i)—(vii) or (ix)—(xi) are associated with industrial activity, and need permit coverage.
40 Railroad transportation 43 U.S. postal service
41 Local and interurban passenger transit 44 Water transportation
42 Trucking and warehousing 45 Transportation by air

(except 4221-25, see [xi]) 5171 Petroleum bulk stations and terminals

Treatment works

Treatment works treating domestic wastewater or any other wastewater sludge or waste-
water treatment device or system, used in the storage, treatment, recycling, and reclamation
of municipal or domestic wastewater, including land dedicated to the disposal of sludge,
that are located within the confines of the facility, with a design flow of 4 164 m*/d (1.0
mgd) or more, or required to have an approved pretreatment program under 40 CFR 403.
Not included are farm lands, domestic gardens or lands used for sludge management where
sludge is beneficially reused and which are not physically located in the confines of the facil-
ity, or areas that are in compliance with section 405 of the Clean Water Act.

Construction

Construction activity including clearing, grading, and excavation activities except: opera-
tions that result in the disturbance of less than 2 ha (5 ac) of total land area that are not
part of a larger common plan of development or sale.

[The construction “operator” must apply for permit coverage under the General Storm
Water Permit for Construction Activities. The “operator” is the party or parties that either
individually or taken together meet the following two criteria: (1) they have operational
control over the site specification; (2) they have the day-to-day operational control of
those activities at the site necessary to ensure compliance. For a typical commercial con-
struction site, the owner and general contractor must both apply. For a typical residential
development, the developer and all builders must apply. Each builder must apply even if
they individually disturb less than 2 ha (5 ac) if the overall development is 2 or more ha
(5 or more ac). Only one pollution prevention plan is required per site even though there
may be multiple parties.]
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Category Description®

(xi) Light industry
Facilities classified by the SIC codes listed below (and which are not otherwise included in
categories [ii]-[x]) with stormwater discharges from all areas (except access roads and rail
lines) where material handling equipment, or activities, raw materials, immediate products,
final products, waste materials, byproducts, or industrial machinery are exposed to
stormwater. Material handling activities include the storage, loading and unloading, trans-
portation, or conveyance of any raw material, intermediate produce, finished product,
byproduct, or waste product.

20 Food and kindred product 31 Leather and products (except 311)

21  Tobacco products 323 Products of purchased glass

22 Textile mill products 34  Fabricated metal products

23 Apparel and other textile product (except 3441)

2434 Wood kitchen cabinets 35 Industrial machinery and equipment

25  Furniture and fixtures 36  Electronic and other electric

265 Paperboard containers and boxes equipment

267 Miscellaneous converted paper 37  Transportation equipment (except 373)
products 38 Instruments and related products

27  Printing and publishing 39  Miscellaneous manufacturing

283 Drugs 4221 Farm product storage

285 Paints and allied products 4222 Refrigerated storage

30 Rubber and miscellaneous plastic 4225 General warehouse and storage

#NAICS = North American Industry Classification System; RCRA = Resource Conservation and Recov-
ery Act; SIC = Standard Industrial Classification; SMCRA = Surface Mining Control and Reclamation
Act; links to the 2002 NAICS codes and to tables with conversions from the SIC to 1997 NAICS codes and
with the correspondence between the 1997 NAICS and 2002 NAICS codes can be found at

http:/ /www.census.gov/epcd /www /naics.html.

PThe list of industries with categorical standards is based on the regulations as of September 4, 1997. See
40 CFR subchapter N to determine if additional industries are covered.

¢Some facilities in this group do not have limits or standards; see 40 CFR subchapter N to verify.
dCombined with 40 CFR 430: Pulp, Paper, and Paperboard.
¢Now “concentrated animal feeding operations.”

fUS. EPA exempted the oil and gas exploration, production, processing, or treatment operations, or
transmission facilities from the stormwater NPDES requirements in January 2006.
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Notices of intent for stormwater general permits do not require a public com-
ment period because the general permit has already undergone this process.

Permit Contents. A wastewater NPDES permit typically contains a cover page,
effluent numerical limitations, monitoring and reporting requirements, standard
conditions, and special conditions (U.S. EPA, 1996). All permits include standard
conditions, which are described in 40 CFR 122.41 under the following subsection
titles: duty to comply, duty to reapply, need to halt or reduce activity is not a defense,
duty to mitigate, proper operation and maintenance, permit actions, property rights,
duty to provide information, inspection and entry, monitoring and records, signa-
tory requirement, reporting requirements, bypass, and upset.

Special conditions may include implementing BMPs, additional monitoring
activities, ambient stream surveys, and toxicity reduction evaluations (TREs) (U.S.
EPA, 1996). For some facilities, a special condition is to notify regulators if a toxic pol-
lutant for which there are no effluent limitations in the facility’s NPDES permit is in
the effluent or may be discharged in the future at concentrations greater than the
notification levels specified in 40 CFR 122.42(a). The permit also may specify the loca-
tion, design, construction, and capacity of cooling-water intake structures to mini-
mize adverse environmental effects (40 CFR 125.84).

Sometimes the NPDES permit also contains variances and waivers, as indicated
in the “Variances and Waivers” section of this chapter.

Stormwater general permits typically require that an industrial facility monitor
its stormwater discharges visually or analytically and that it meet certain compli-
ance-monitoring requirements.

Best Management Practices. Regulators may include BMPs in an NPDES permit
when the facility cannot otherwise meet its numerical effluent limitations or when
BMPs are required in the CWA [40 CFR 122.44(k)]. In accordance with their defini-
tion in 40 CFR 122.2, BMPs may consist of:

e “..schedules of activities, prohibitions of practices, maintenance procedures,
and other management practices to prevent or reduce the pollution of ‘waters
of the United States’”’; and

e “..treatment requirements, operating procedures, and practices to control
plant site runoff, spillage or leaks, sludge or waste disposal, or drainage from
raw material storage.”
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Best management practices are also required in a facility’s pollution prevention
or management plans to obtain coverage under a stormwater general permit.

Even if the NPDES permit does not require BMPs, industrial facilities can take
advantage of the information available via the Pollution Prevention Act of 1990
(42 U.S.C. 133) to reduce pollutants in their wastewaters, which typically results in a
short- or medium-term reduction of treatment and disposal costs. The Pollution Pre-
vention Act established the following national policy:

“The Congress hereby declares it to be the national policy of the United States
that pollution should be prevented or reduced at the source whenever feasible; pol-
lution that cannot be prevented should be recycled in an environmentally safe
manner, whenever feasible; pollution that cannot be prevented or recycled should
be treated in an environmentally safe manner whenever feasible; and disposal or
other release into the environment should be employed only as a last resort and
should be conducted in an environmentally safe manner.”

To promote pollution prevention practices, the act included provisions to:

e Provide matching funds for state and local programs that encourage busi-
nesses to implement pollution prevention techniques, and

¢ Operate a source-reduction clearinghouse.

The Pollution Prevention Information Clearinghouse provides telephone refer-
ences and referrals, distributes U.S. EPA documents, and has a collection of pollution
prevention references available for interlibrary loan. In addition, the U.S. EPA and
state and local agencies have prepared multiple documents on demonstrated pollu-
tion prevention options for specific industries. The agency also started a waste mini-
mization partnership program to reduce the number of priority chemicals in haz-
ardous wastes. (For more information, see the list of Web site addresses at the end of
this chapter.)

Variances and Waivers. Some of the variances and waivers that can be included
in NPDES permits are:

* Water quality-related variances from BAT; economic variances from BAT; or
thermal variances from BPT, BCT, and BAT [as specified in 40 CFR 125.3(b)(1)
(if) and (iii)]. These variances are allowed only if the industrial facility meets all
the requirements specified in CWA Sec. 301(c), 301(g), or 316(a), respectively.
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Deadline extensions for compliance with categorical limitations for BPT and
BAT, which an industrial facility can request in accordance with 40 CFR
125.3(b)(2)(ii).

A monitoring waiver for pollutants listed in the categorical effluent limitation
guidelines if the industrial facility has demonstrated that its discharge does
not contain such pollutants or only contains background levels of them [40
CFR 122.44(a)(2)]. This waiver can only be requested during permit renewals
and is only good for the duration of the permit. Each time an industrial facility
applies for a permit renewal, it must request and demonstrate that it qualifies
for the waiver.

Reporting Requirements. National Pollutant Discharge Elimination System permit
holders must report the following information [40 CFR 122.41(1)]:

Any planned physical alteration or addition to the permitted facility, if they
meet the conditions specified in 40 CFR 122.41(I)(1).

Any anticipated noncompliance events resulting from planned changes or
activities.

Requests for permit transfers (the permit may have to be reissued).

Monitoring results at least once per year (in a discharge monitoring report
form), except for stormwater discharges associated with industrial activities,
which are due every 3 years. Regulators also may provide monitoring report
forms for sludge use or disposal practices.

Reports required by compliance schedules included in the permit, which are
due within 14 days of each compliance date.

Any noncompliance event (e.g., unanticipated bypasses, upsets that exceed
effluent limitations, or violations of maximum limitations for permit-specified
pollutants) that may endanger human health or the environment. Permittees
must report this verbally within 24 hours of the time they became aware of the
event, and follow up with a written report in less than 5 days from the non-
compliance event.

Other instances of noncompliance must be included in the annual or triannual
monitoring report.
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* Any relevant facts not submitted with the permit application or any correc-
tions to information in a permit application or monitoring report.

Other reporting requirements include:

¢ Unanticipated noncompliance events for stormwater discharges associated
with industrial activities must be reported annually [40 CFR 122.44(i)(5)].

¢ Any activity that resulted or would result in the discharge of a toxic pollutant
for which the permit does not specify limits at concentrations exceeding the
notification levels specified in 40 CFR 122.42. Notification must be given even
if the discharges would occur infrequently.

Numerical Limits. When establishing NPDES permit limits, permit writers con-
sider the relevant categorical standards, applicable BAT requirements, and the dis-
charge’s effects on receiving waters. If there are no categorical standards for a
facility’s process, or the categorical standards only apply to certain operational
aspects or pollutants, then permit writers must use their best professional judgment
to establish site-specific technology-based standards using all reasonably available
and relevant data [CWA Sec. 402(a)(1)]. However, they first must ensure that the
processes, operations, or pollutants not specifically addressed by the categorical stan-
dards were not evaluated during standards development and determined to be
addressed appropriately by the limitations established in the effluent guidelines.
Technology-based limits must also be established for wastewater treatment residues
(e.g., grit, sludge, or filter backwash) [40 CFR 125.3(g)].

When using best professional judgment, permit writers must evaluate the same
factors that the U.S. EPA considers when establishing categorical standards (see the
“Categorical Requirements” section in this chapter). Best-professional-judgment
limits must be met immediately [40 CFR 125.3(a)(2)].

Often, the receiving water’s water quality standards determine the permit limits.
In fact, an NPDES permit cannot be issued or renewed if the permit conditions
“cannot ensure compliance with the applicable water quality requirements of all
affected States” [40 CFR 122.34(d)].

The permit must have limitations for all wastewater parameters that regulators
determine may exceed any state water quality criteria [40 CFR 122.44(d)(1)(i)]. One
critical permit limitation is WET, which the U.S. EPA developed to evaluate the
effects of toxic chemicals for which no specific numerical limits have been developed.
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To measure WET, the facility must conduct toxicity tests, using the species, organism
age and growing conditions, dilution water, industrial facility’s effluent concentra-
tion, water temperature and composition, and duration specified in the permit.
Available testing methods are listed in Table 1A of 40 CFR 136.3. If the tests show
exceedances of the WET limits or the permit writer makes a determination that a pol-
lutant in the facility effluent will impact the receiving water body, then the permittee
must perform a TRE in accordance with U.S. EPA-specified procedures (U.S. EPA,
1989, 1991, 1992, 1993a, 1993b, 2001). The cause of WET exceedances can be difficult
to identify when toxicity is detected sporadically.

Permit applications requesting ocean discharge must demonstrate that the dis-
charger has no other alternatives and that the discharge will not unreasonably
degrade the marine environment (40 CFR 125.121-125.124).

REGULATORY OUTLOOK. In the first 9 months of 2004, U.S. EPA finalized
effluent guidelines for the concentrated aquatic animal production category, issued
more requirements for the meat and poultry products category, and determined that
the construction and development category did not need effluent guidelines because
existing stormwater management programs and regulations were sufficiently protec-
tive of the environment. These actions completed the agency’s obligations under a
1992 consent decree with the Natural Resources Defense Council to establish effluent
limitations for a group of “primary industry categories.”

However, CWA Sec. 304(m) requires that the U.S. EPA publish a plan every 2 years
that includes a schedule for reviewing and revising existing effluent guidelines, identi-
fies industrial categories discharging toxic or nonconventional pollutants that have no
established effluent limitations, and establishes a schedule for issuing effluent limita-
tion guidelines for these categories. (This section of the CWA applies only to direct dis-
chargers.) The draft Strategy for National Clean Water Industrial Regulations (U.S. EPA,
2002) describes how the agency planned to meet the CWA requirements for the bien-
nial plans. According to this document, which the agency has been using since pub-
lished (even though it has not been finalized), the U.S. EPA would use the following
criteria to determine whether existing effluent guidelines must be revised:

* “The extent to which the industry category is discharging pollutants that pose
a risk to human health or the environment.

* The identification of an applicable and demonstrated technology, process
change, or pollution prevention approach beyond current industry perfor-
mance that could control pollutants to reduce the risk.
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e The cost, performance, and affordability of a demonstrated technology,
process change, or pollution prevention approach beyond current industry
performance that could control pollutants to reduce the risk.

¢ Implementation/efficiency considerations.”

At the time the agency started its evaluation, there were 55 industrial categories
subject to effluent guidelines. (The guidelines for aquatic animal production were
finalized in June 2004.) The Effluent Guidelines Program Plan for 2004/2005 (U.S. EPA,
2004b and 2004c) presented the results of U.S. EPA’s evaluation in accordance with
the above Strategy document. After the required public comment period, the fol-
lowing four categories were selected:

* Airport deicing operations (a new category);
¢ Drinking water supply and treatment (a new category);

¢ Vinyl chloride manufacturing, a potential subcategory of the organic chemi-
cals, plastics, and synthetic fibers category; and

¢ Chlor-alkali manufacturing, a potential subcategory of the inorganic chemi-
cals category.

The U.S. Environmental Protection Agency expects to propose a rule for airport
deicing operations in December 2007 (U.S. EPA, 2007b). The agency also plans to eval-
uate responses to the survey submitted to drinking water treatment facilities in 2007
(U.S. EPA, 2007c). The vinyl chloride and chlor-alkali manufacturing subcategories
were merged into the chlorine and chlorinated hydrocarbon manufacturing category
in the Final 2006 Effluent Guidelines Program Plan (U.S. EPA, 2006a), and the agency
plans to send a questionnaire to these manufacturers to gather more data and deter-
mine whether more effluent limitation guidelines are warranted (U.S. EPA, 2007d).

Also, in response to a Second Circuit Court of Appeals order, the U.S. EPA pro-
posed modifications to the effluent limitation guidelines for concentrated animal
feeding operations (40 CFR 412) on June 30, 2006. (The deadline for comments was
August 29, 2006, but the U.S. EPA did not publish any update before March 31, 2007.)

The Preliminary 2006 Effluent Guidelines Program Plan (U.S. EPA, 2005b) indicated
that the agency plans to study three categories: pulp, paper, and paperboard (40 CFR
430) and steam electric power generating (40 CFR 423) for possible guideline revi-
sions; and tobacco products for new effluent guidelines. However, when the U.S.
EPA issued the Final 2006 Effluent Guidelines Program Plan (U.S. EPA, 2006a and
2006b), the agency had finished studying the tobacco products and pulp, paper, and
paperboard categories, deciding that no new or revised guidelines were necessary
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for these two categories. Instead, the U.S. EPA would evaluate steam electric power
generators and three other categories for possible guideline revisions: coal mining (40
CFR 434), oil and gas extraction (40 CFR 435), and hospitals (and other health services
facilities) (40 CFR 460).

Meanwhile, the U.S. EPA issued two stormwater-related proposed rulemaking
notices between December 2005 and January 2006:

* A proposed NPDES general permit for stormwater discharges from industrial
activities (U.S. EPA, 2005a); and

* An amendment to exempt stormwater discharges associated with oil and gas
exploration, production, processing, or treatment operations, as well as trans-
mission facilities, from the NPDES permit requirements (U.S. EPA, 2006¢).

The 2000 NPDES general permit for stormwater discharges from industrial activ-
ities expired in October 2005, and as of March 2007, the proposed permit had not
been finalized. In 2006, U.S. EPA issued an automatic administrative continuance of
permit coverage for permitted facilities (U.S. EPA, 2006d). The agency also indicated
that, although unpermitted facilities could not apply for coverage under the general
permit until a new one was issued, they should develop and implement pollution
prevention plans in accordance with the 2000 general permit.

OTHER DISPOSAL REGULATIONS FOR
WASTEWATER AND ITS TREATMENT RESIDUALS

Besides discharging it directly or indirectly to surface waterbodies, wastewater can
be managed via subsurface disposal (wells), land application (for agricultural pur-
poses or for treatment), and incineration. Landfilling of liquid wastes is prohibited
under the current regulations, except under very limited circumstances (40 CFR
258.28 and 40 CFR 264.314).

Residuals of wastewater treatment can be disposed via subsurface injection, land
application, landfilling, or incineration. (The applicable regulations depend on
whether the waste is hazardous.)

DEFINITIONS AND APPLICABLE REGULATIONS. Wastewater and its
treatment residuals disposed via subsurface injection are regulated under 40 CFR
144-148. Industrial wastewater and its treatment residuals disposed via land appli-
cation or landfilling (residuals only) at a disposal facility owned or controlled by the
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industrial facility are considered “solid wastes” subject to 40 CFR 257 unless the fol-
lowing is true (40 CFR 257.2,261.2, and 261.4):

* The wastewater is nonhazardous and subject to a pretreatment or NPDES
permit under 40 CFR 122, 124, and 403;

® The residuals were generated at an industrial facility’s wastewater treatment
system designated as “treatment works treating domestic sewage” [in accor-
dance with 40 CFR 122.1(b)(3)] and so are subject to the technical standards for
sewage sludge use and disposal in 40 CFR 503; or

* The wastewater and residuals are classified as hazardous wastes—they
exhibit a hazardous waste characteristic, have been mixed with hazardous
waste, or are generated during treatment of hazardous waste or wastewater
(40 CFR 261.3)—and so are regulated under 40 CFR 261-268.

Some wastewaters that meet the definition of “hazardous waste” (40 CFR 261.3)
do not have to meet the requirements in 40 CFR 261-268 if the generators have a pre-
treatment or NPDES permit [40 CFR 261.3(a)(2)(iv)]. The requirements for municipal
solid waste landfills and incinerators can be found in 40 CFR 258 and 240, respec-
tively. The state permit program requirements for solid waste disposal are listed in
40 CFR 239.

SUBSURFACE INJECTION REGULATIONS. Industrial wastewater and its
treatment residuals can be disposed via subsurface injection through a well. The Safe
Drinking Water Act’s underground injection control (UIC) program regulates the
placement of fluids underground (40 CFR 144-148). The UIC and NPDES permitting
regulations are codified in the same place: 40 CFR 124.

The UIC program lists five categories of wells (40 CFR 144.6-144.81):

* Class I—wells used to inject liquids into isolated formations beneath the
lowest underground source of drinking water,
® Class II—wells used to inject fluids related to oil and gas production activities,

¢ Class [II—wells used to inject fluids associated with solution mining of min-
erals,

® (Class [IV—wells used to inject hazardous or radioactive waste into or above
formations within one-quarter mile of underground sources of drinking
water, and
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Class V—all other wells (e.g., recharge wells, large-capacity cesspools, dry
wells used to inject waste, septic system wells serving multiple dwellings or
businesses, and wells used to return spent brine—after halogens or their salts
are extracted—to the same formation from which it was withdrawn).

General Requirements. The underground injection control program is designed to

prevent the contamination of current or potential underground sources of drinking

water, so a UIC permit is required to inject any type of fluid into the subsurface (40

CFR 144.11). Industrial facilities may not use Class IV wells unless authorized to do

so for groundwater remediation projects under the conditions specified in 40 CFR

144.13. Subsurface injection of industrial wastewater occurs through either Class I or
Class V wells.

Class I Wells. The owner or operator of a nonhazardous Class I well must meet the

following installation, operation, and monitoring requirements (40 CFR 146.12 and
40 CFR 146.13):

Install the well in a location free of faults or other geological features that
would allow contaminated fluids to migrate into underground sources of
drinking water.

Make the well deep enough so fluids will be injected into a formation that
cannot be used as an underground source of drinking water and is separated
from such sources by impermeable formations.

Isolate the well from the formations it crosses by putting one pipe (tubing)
inside another (casing) and cementing the casing on the outside to fill any
voids between it and the hole drilled for the well.

Test the well’s mechanical integrity when it is completed and every 5 years
thereafter.

Monitor the well and the injected fluids continuously to ensure the well
integrity and document the characteristics of the injected fluids, respec-
tively. Well integrity monitoring requires continuous recording of the fluid
injection pressure, flow rate, and volume; pressure in the annulus between
the tubing and casing; and pressure in the injection zone. Injected fluid mon-
itoring must occur at an adequate frequency to yield representative data of
its characteristics.
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Class I wells must be operated and maintained to ensure that underground
sources of drinking water are not contaminated. Once injection stops, the owner or
operator must properly plug and abandon the well to prevent contaminants from
migrating to drinking water sources (40 CFR 146.10).

Owners or operators of hazardous Class I wells have more requirements (see 40
CFR 146.61-146.73).

Class V Wells. Class V wells are typically “authorized by rule,” meaning the well
owner or operator must meet all UIC requirements but does not have to obtain an
individual permit, except under certain conditions (40 CFR 144.84). Such condi-
tions include:

* Contaminated fluid is moving into an underground source of drinking water,

* The well is a large-capacity cesspool or a Class V motor vehicle waste disposal
well in a groundwater-protection or other sensitive area,

* The owner or operator failed to submit inventory information to regulators
(see the Reporting Requirements subsection of the Subsurface Injection Regu-
lations section in this chapter for the information required),

* Regulators have requested that the owner or operator get a permit for the
well, or

® Regulators requested additional information about the well and the owner or
operator failed to provide it on a timely manner.

If a Class V well owner or operator must obtain a permit, then the well must be
designed, installed, and operated so it does not contaminate an underground source
of drinking water or adversely affect the health of persons using the aquifer (40 CFR
144.82). The well also must be properly closed when no longer in use (40 CFR 144.80).
Other requirements are listed in 40 CFR 144-148.

Reporting Requirements. Owners or operators of new Class V wells must submit
a one-time “inventory” form (OMB No. 2040-0042) containing information about
their wells to the underground injection control program director before starting
operation of the well (40 CFR 144.83). The inventory form must include the following
information: “facility name and location; name and address of legal contact; owner-
ship of facility; nature and type of injection well(s); and operating status of injection
well(s)” [40 CFR 144.83(a)(2)(i)]. Additional information [40 CFR 144.83(a)(2)(iii)]
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may be required for certain wells [40 CFR 144.83(a)(2)(ii)]. Owners or operators of
permitted wells must meet the reporting requirements listed under the “NPDES Per-
mits” section of this chapter, with the following modifications:

* Monitoring results must be submitted quarterly, and

* The 24-hour verbal, 5-day written reporting requirement applies to data indi-
cating that injection operations may endanger an underground drinking water
source or cause fluid to migrate into or between such sources [40 CFR
144.51(1)].

The quarterly monitoring report must include the injected fluids” characteristics;
the monthly average, maximum, and minimum values of annulus pressure, injection
pressure, flow rate, and volume; and the analytical results of any well sampling done
to monitor possible fluid migration into drinking water sources. Also, results of
mechanical integrity tests, results of any other required test(s), and data on well repairs
must be submitted with the first quarterly report after such information is obtained.

Permitting. Regulators issue UIC and NPDES permits under the conditions speci-
fied in 40 CFR 124. The permit requirements are similar, but UIC permits also include
the following conditions (40 CFR 144.51): requirements before injection begins, duty
to establish and maintain the well’s mechanical integrity, prior notification of well
conversion or abandonment, well-plugging and -abandonment procedures and
reports, and financial assurance instruments to ensure that the well will be properly
plugged and abandoned when no longer needed (40 CFR 144.52 and 146.14). Because
UIC permits are subject to the same public comment requirements as NPDES per-
mits, the applications must be submitted a “reasonable time” before construction
begins (40 CFR 144.31), but no specific time is indicated in the regulation.

LAND-APPLICATION REGULATIONS FOR SITES CONTROLLED BY
THE WASTE PRODUCERS. If industrial wastewater or its treatment residuals
are disposed on land owned, managed, or otherwise controlled by the industrial
facility, the activity (e.g., land application for agricultural purposes, land application
for waste treatment, or landfilling) must meet the following environmental protec-
tion requirements (40 CFR 257.3):

* It cannot restrict the base flood’s flow, reduce the floodplain’s temporary
water storage capacity, or result in a solid waste washout that would pose a
hazard to human life, wildlife, or land or water resources;
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¢ [t cannot destroy or adversely modify the critical habitats of endangered or
threatened species as identified in 40 CFR 17;

¢ It must meet both NPDES requirements and any area-wide management plan
approved by the U.S. EPA;

¢ [t cannot contaminate an underground source of drinking water beyond the
solid waste boundary;

e When applied to land used for food-chain crops, it cannot exceed the cad-
mium numerical limitations specified in 40 CFR 257.3-5;

¢ Onsite disease vectors must be minimized;

* Open burning is not allowed, and the operation must meet the requirements
of the state implementation plan and the Clean Air Act; and

¢ Explosive gases must be minimized, fire hazards and hazards to aircraft from
birds must be prevented, and public access must be controlled as necessary to
protect human health and safety.

States regulate the land application of industrial wastewater, and a permit is typ-
ically required. Industrial facilities should consult state regulations to determine the
specific requirements, which may include application rate, minimum distance to res-
idences, groundwater monitoring, and reporting.

Residuals-disposal conditions may be included in the NPDES permit as a sludge
management plan or in a state-issued solid waste management permit. Regulators
may require an industrial facility to control the sites where its wastewater treatment
residuals are land applied (e.g., used as fertilizers or soil amendments). Such “con-
trol” may occur via a sales contract or other agreement.

A publicly owned treatment works’ residuals (also called “sewage sludge” or
“biosolids”) must be used or disposed in accordance with 40 CFR 503. If an industrial
facility’s wastewater management system is designated a “treatment works treating
domestic sewage,” its residuals would also have to meet the specific technical
requirements of 40 CFR 503.12-503.15, 503.32, and 503.33, which include:

* Limits on the concentrations of metals (e.g., arsenic, cadmium, copper, lead,
mercury, molybdenum, nickel, selenium, and zinc) in residuals to protect
crops, public health, and the environment;

* Use of a stabilization method [e.g., pH adjustment (alkaline stabilization),
digestion, composting, or heat drying] to destroy pathogens, minimize odors,
and make the residuals less attractive to vectors (e.g., flies, mosquitoes,
rodents, and birds);
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¢ Safe distances between land-application sites and U.S. waters; and

* Specific operating practices (e.g., timing of application, depth of biosolids
application, and annual application rate).

The U.S. Environmental Protection Agency has developed guidelines that specify
a tiered evaluation to determine whether a land-application program would contam-
inate groundwater (U.S. EPA, 1999b). This evaluation includes comparing the waste-
water treatment residuals’ pollutant concentrations to default concentration tables,
performing a location-adjusted assessment, and completing a comprehensive risk
assessment. Basically, evaluators model whether, if land applied, the residuals’ con-
stituents would migrate to the groundwater. The results can be used to demonstrate
to regulators that the selected disposal method meets 40 CFR 257 requirements.

Hazardous industrial wastewater or residuals must be disposed in accordance
with 40 CFR 264. (Readers should consult the regulations related to the chosen dis-
posal method to ensure that the industrial facility meets all applicable requirements.)

REGULATIONS FOR DISPOSAL AT THIRD-PARTY FACILITIES. Third-
party disposal facilities include municipal solid waste landfills, municipal solid
waste incinerators, and hazardous waste disposal facilities.

Municipal Solid Waste Landfills. To dispose wastewater treatment residuals in
municipal solid waste landfills that meet 40 CFR 258 requirements, industrial facili-
ties only need an agreement with the landfill operator. However, the landfill oper-
ator may require certain tests to ensure that the material is acceptable, such as
analyses of the residuals to ensure that they are not hazardous (40 CFR 258.20) and
do not contain free liquids, which cannot be landfilled (40 CFR 258.28).

Municipal Solid Waste Incinerators. To dispose residuals in municipal incinera-
tors, industrial facilities need an agreement with the owner or operator. Owners or
operators of municipal incinerators must meet 40 CFR 240 requirements, so they may
require the facility to test its residuals for pollutants that the incinerator is not
designed to handle, or to assess whether their residuals are excluded from the incin-
erator’s permit.

Hazardous Waste Disposal Facilities. To dispose of hazardous materials in haz-
ardous waste disposal facilities, industrial facilities need to obtain approval of their
wastes by the owner or operator of the disposal facility. This process usually requires
either testing a representative sample of the facility’s waste or using generator



Discharge and Disposal Regulations

knowledge. Generators of hazardous wastes must meet the 40 CFR 262 requirements
applicable to their conditions. An industrial facility that produces more than 1000
kg/mo (2200 Ib/mo) of hazardous wastewater or residuals—a “large quantity gener-
ator”—must meet the following generator requirements (40 CFR 262):

® Determining the type of hazardous waste generated;

e Applying for a U.S. EPA identification number and using it in all hazardous
waste-related documentation;

¢ Using a manifest to transport or offer for transportation hazardous waste for
offsite treatment, storage, or disposal;

¢ Packaging, labeling, marking, and placarding the hazardous waste in accor-
dance with the regulations;

* Accumulating hazardous waste onsite for less than 90 days without a storage-
facility permit;

* Meeting reporting requirements on the amount of waste generated and
whether the waste reached the intended facility; and

¢ Keeping manifests, reports, and test results for at least 3 years.

Industrial facilities that generate between 100 and 1000 kg/mo (220 and 2200
Ib/mo) of hazardous waste—"small quantity generators”—have special require-
ments, such as being allowed to accumulate wastes for up to 180 days and meeting
less stringent recordkeeping and reporting requirements [40 CFR 262.34(d) and
262.44]. According to 40 CFR 261.5, industrial facilities that generate less than 100
kg/mo (220 Ib/mo) of hazardous waste or less than 1 kg/mo (2.2 Ib/mo) of acute
hazardous waste—"conditionally exempt small quantity generators”—are exempt
from regulation if they dispose such wastes at facilities that meet the requirements of
40 CFR 240 and 258.
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GENERAL REQUIREMENTS

Data generated during wastewater sampling and analysis may be used for one or
more of the following purposes: compliance monitoring, process control and trou-
bleshooting, wastewater characterization, treatability testing, wastewater treatment

system design, and chemical-source tracking.

The choice of sampling approaches, techniques, equipment, and analysis methods
depends on the data’s intended use, so the first step in a successful sampling and
analysis program is to establish clear data objectives. Otherwise, the analytical results
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may be useless because the wrong methods were used, the reporting limits were inad-
equate, or the samples were not representative of the wastewater. To be a success, a
sampling and analysis program must meet the following minimum criteria:

* The data it generates must be able to address the questions that initially
prompted the sampling and analysis effort. The data type and quality must be
able to answer specific questions (e.g., Is the treatment system meeting permit
limits? Is this upsetting treatment operations? Is this where the toxic chemical
originated?).

* The data must be representative of the sampled wastewater’s content, flow,
and variability. Intermittent discharges (batch processes), campaign-based
discharges, continuous discharges, equalized wastestreams, and unequalized
wastestreams require different sampling approaches.

¢ The analytical methods must be appropriate for program goals. Detection
limits, potential interferences, and the need for regulator-approved methods
are all important considerations when selecting analytical methods.

¢ The sampling and analysis program must be economical. Extraneous data and
data collected only to satisfy personal curiosity while contributing little to the
data objectives should be avoided. The analytical and sampling methods
should only be as complex, accurate, and expensive as needed to meet pro-
gram goals—no more, no less.

A well thought out sampling plan is essential. The plan’s contents, details, and
overall length depend on the magnitude of the sampling and analysis effort and how
the resulting data will be used. It typically contains goals and data objectives, site-
specific information, program scope, proposed methodology, sampling containers
and sample handling, field and laboratory analytical methods, health and safety
requirements, field and laboratory quality assurance/quality control (QA/QC) pro-
cedures, and relevant appendices (e.g., sampling checklist, maps and figures, chain-
of-custody forms, field instrument-calibration forms, equipment decontamination
procedures, and standard field analysis and sampling procedures). The sampling
plan’s content, format, and organization will vary based on specific project require-
ments and the author’s style, but all serve the same purpose: they are working docu-
ments to help field personnel implement the sampling programs. So, instructions and
statements that are open to interpretation are problematic.
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FLOW MEASUREMENT

Flow measurements are required for many reasons, including:
¢ Developing a design basis for a new or upgraded wastewater treatment plant,
¢ Determining hydraulic loads on existing wastewater treatment units,
¢ Determining compliance with mass-based limits in NPDES permits,
¢ Determining compliance with flow reporting requirements in permits,
¢ Determining flow-proportioned chemical dosing requirements,

¢ Developing flow and mass balances (required for permit applications or
source control/monitoring efforts),

¢ Collecting a flow-proportioned sample, and

¢ Determining stormwater runoff volumes.

Flow is expressed in units of volume per a unit of time (e.g., m®>/d, L/min, gpm,
mgd, and cu ft/sec). Expressing flow in familiar units (e.g., mgd, gpm, m®/day, and
L/min) makes it easier to make quick calculations without the need for conversion
tables. For example, given the concentration of a wastewater constituent (e.g., total
suspended solids or biochemical oxygen demand) and the wastewater flow in mgd,
one could easily calculate the mass loading (Ib/d) using the following formula:

Ib/d = Flow (mgd) X Concentration (mg/L) X 8.34

In this equation, 8.34 is a conversion factor that only works for dilute aqueous
solutions; the assumption is that water density is 8.34 Ib/gal.
In metric units, mass loading is expressed as follows:

kg/d = Flow (m?®/d) X Concentration (mg/L) X 107

Basically, there are two types of flow systems: closed channel flow and open
channel flow (Figure 3.1). Closed channel flow is flow in completely filled pressure con-
duits or pipes (e.g., a pressurized potable water line, a sewer forcemain, or an indus-
trial pressurized process line). Open channel flow is flow that can interact with the
atmosphere (e.g., rivers, ditches, or partially filled conduits or pipes). Different
methods are used to measure flow in each system.

Flow measurements can be classified as instantaneous or average. Instanta-
neous flow is measured at a particular moment in time. Average flow is based on
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- Pressure Pipe

FIGURE 3.1 Closed- and open-channel flow systems (adapted from Walkowiak, 2006).

either several discrete flow measurements or flow volume measured over a long
period of time (e.g., 1 day).

Wastewater flow can be either measured or estimated, depending on the degree
of accuracy and precision required. Accuracy is the extent to which a given measure-
ment agrees with the parameter’s true value. Precision is the extent to which a set of
measurements of one sample agree with each other. (For more information on accu-
racy and precision, see the “Quality Assurance/Quality Control” section of this
chapter.) The following sections discuss common, practical estimation and measure-
ment options. They are by no means exhaustive.

ESTIMATION OPTIONS. There are several methods for estimating flow in the
field using little or no special equipment.

Bucket and Stop Watch. This is the simplest method of estimating flow rate; it does
not require any special equipment. Field personnel record the time needed to fill a
bucket (or other container with a known volume) and calculate the flow as follows:

Flow rate = Volume/Time
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This method is only useful for small discharges from pipes or other conveyance
devices where a bucket can intercept the entire flow. Ideally, field personnel should
do it at least three times and average the results.

Float or Dye Method. Theoretically, flow in a geometrically well defined channel
can be estimated via the following formula:

Flow = AV

Where

A = cross-sectional area of flow, and

V = average flow velocity in the channel.

The area of flow can easily be calculated based on the channel’s geometry and
the depth of water in the channel. The velocity can be estimated by dropping a
floating object (e.g., ping-pong ball, stick, or specially designed floats) in the flow
channel and timing how long it takes to travel a known distance. The velocity is
calculated as follows:

Velocity = Float’s travel distance/Travel time

In open channels, the velocity profile varies with the depth of flow. The float’s
velocity on the water surface may not accurately reflect the entire flow’s average
velocity. Correction factors can be applied to relate surface velocities to the average
velocity of various stream depths (U.S. Department of the Interior, Bureau of Recla-
mation, 1997). Some specially designed floats have segments that extend into the
water column, thus providing a more accurate velocity measurement.

Tracer dyes can also be used to visually estimate velocity. Dyes provide a better
estimate than surface floats because the dye particles disperse in the water and travel
at different velocities across the flow area. The dye’s travel time should be the
average of the total elapsed time from when the dye first appears downstream to
when it is no longer visible.

Pump Cycles. Sometimes flow can be estimated based on a wet well’s or process
sump’s pumping cycles. Typically, an event recorder (Figure 3.2) is connected to the
pump’s electric circuit, and the on-off signals are logged electronically or on a chart
recorder. Field personnel then can calculate the flow based on pumping time and the
pump’s rated capacity.
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FIGURE 3.2 An example of an event recorder (Model EV100) (courtesy of Dickson
Company, www.DicksonData.com).

Time to Fill or Empty a Tank. Field personnel can estimate the flow in sumps,
wet wells, tanks, or any other well-defined geometric structure by monitoring the
time needed to fill or empty it. They also monitor the change in liquid depth and
multiply that by the surface area to calculate the volume. Then, they divide the
volume by the recorded time to obtain a flow estimate.

Estimating Stormwater Flows. Sometimes field personnel must estimate
stormwater runoff flows without expensive flow-measuring devices or sophisticated
setups. One of the most widely used methods is based on rainfall-intensity and -fre-
quency data and the following rational equation:

Q=CiA
Where
Q = peak runoff rate (cu ft/sec),

C = runoff coefficient (the ratio of the peak runoff rate to the average rainfall
rate for a period called the time of concentration),
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i = average rainfall intensity (in./hr) for a period equal to the time of concen-
tration, and
A = drainage area (ac).

A detailed discussion of the rational method can be found in Water Supply and
Pollution Control (Viessman and Hammer, 2004).

MEASUREMENT OPTIONS. For a detailed discussion of flow-measurement
devices in closed and open channel flow systems, see Chapter 14. Following is one
measurement method not mentioned in that chapter.

In the dilution method, the flow rate is measured by determining how quickly
the flowing water dilutes a tracer. Field personnel inject a predetermined concentra-
tion of the tracer into the flow stream at a constant flow rate. Then at a certain dis-
tance downstream of the injection point, they measure the diluted tracer’s concentra-
tion. With data on the tracer’s initial concentration, final concentration, and injection
flow rate, field personnel can calculate the stream’s flow as follows:

Quw X Ce=q: X C
Where
Qw = wastewater flow rate (gpm or m®/h),
q: = tracer injection flow rate (gpm or m>/h),
C; = initial tracer concentration (mg/L), and
Ce

diluted tracer concentration measured downstream (mg/L).

This equation is based on the principle of mass conservation, so tracer losses
should be minimized.

Field personnel have used various tracers in this method, including brine tracers,
radioactive tracers, and fluorescent dyes. The latter is more commonly used today.
Rhodamine WT is widely used in water and wastewater applications because it is
safe and analytical instruments can detect ppb levels of it when using fluorometric
techniques. Fluorescent tracers in water and wastewater samples can be analyzed in
discrete samples or via a flow-through cell, which allows continuous flow measure-
ments to be taken at second or minute intervals (Figure 3.3).

The dilution technique does not cause pressure losses or obstructions, is not
dependent on channel geometry, can be used in closed or open channel flow systems
of any size, and is not affected by submergence of the primary flow device. Fluoro-
metric tracer techniques have been used to calibrate and confirm the measurements
of other flow measuring devices (ISO, 1994; Turner Designs, 1990).
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FIGURE 3.3 Turner Designs fluorometer setup for continuous rhodamine WT tracer
analysis (courtesy of URS Corporation).

SAMPLING

Sampling is the act of taking a portion of a medium (gas, liquid or solid) so its charac-
teristics and properties can be described via observations and chemical or physical
testing. Sample collection plays a critical role in deriving sound, relevant data that
may be used to make important decisions. In fact, the nature of the decision dictates
the type of sampling required.

Basically, there are three types of sampling: intuitive, statistical, and protocol
(Taylor, 1986). Intuitive sampling plans are those based on personal judgment and
expertise. They are devised according to the planner’s general knowledge of similar
materials, past experience, and current information—ranging from guesses to good
scientific data—about the medium of concern. The resulting data, therefore, are only
as good as the sampler’s perceived expertise and are subject to interpretation.

Statistical sampling plans typically are developed based on modeling and may
involve hypothesis testing. To ensure that the resulting data are definitive, such
plans typically include a statistically significant number of samples, random sam-
pling locations, replicate sampling requirements, and error analysis. Although
there is less subjectivity in using a statistically based sampling plan (as opposed to
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an intuitive plan), the underlying statistical model used to design the sampling
program could still be challenged.

Protocol sampling plans are based on a predefined set of conditions and steps
that must be followed to guarantee each sample’s validity. Regulators may define
such plans, for example, when the resulting data will be used to make legal decisions.
The protocol may be based on statistical or intuitive considerations, but once estab-
lished, the resulting data is difficult to refute. However, a sample may be discredited
if any part of the protocol (e.g., chain-of-custody procedures, sample-preservation
methods, or holding time limits) was not followed.

Which sampling plan is best depends on the data needed and the nature of the
decision to be made. Intuitive plans are sufficient when the decision will be based on
identifying large differences in sample properties. Statistical plans are better when
the decision will be based on small differences because statistical methods can
unequivocally determine whether there is a difference between two samples. A
hybrid intuitive-statistical plan may be warranted, however, if collecting and ana-
lyzing a large number of samples is not feasible.

No matter which sampling plan is chosen, it must address the following elements:

¢ Sampling time(s) and place(s);
¢ The type of samples to be collected;
¢ The sampling method;

e Sampling procedures and techniques (e.g., sampling containers, related
cleaning methods, sample-preservation and -storage methods, sample-accep-
tance criteria, analysis-related sampling requirements, recordkeeping require-
ments; and field and equipment blanks);

® Quality assurance and quality control issues; and

* Health and safety considerations.

TYPES OF SAMPLING. There are two major types of samples: grab and com-
posite. Both are useful and can help characterize a particular wastewater or residual.

A grab sample is one taken at any given time to represent the wastewater at that
moment. In other words, it provides a “snapshot” of the wastewater. Grab sampling
is useful when:

* Wastewater characteristics vary over time;

* The wastewater is affected by batch or intermittent discharges (its true charac-
teristics can only be obtained via a sample taken during the discharge);
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¢ The wastewater characteristics are essentially constant over a long period of
time (e.g., discharges from holding ponds, equalization basins, or any other
containment structure or tank with a long hydraulic retention time);

* Specific parameters (e.g., pH, dissolved oxygen, temperature, and total residual
chlorine) must be analyzed immediately after sample collection (according to
regulations, grab samples are those collected in less than 15 minutes);

* Specific parameters (e.g., soluble ferrous iron) must be preserved immediately
to avoid altering the sample’s chemical, physical, or biological properties; and

* The concentration of a specific parameter (e.g., volatile organic compounds or
oil and grease) would drop during the composite-sample collection process.

A composite sample is one collected over time. It reflects the wastewater’s
average characteristics. There are two main types of composite sampling methods:
time-based and flow-proportional. In time-based composite sampling, equal vol-
umes of wastewater samples (aliquots) are collected in one container at regular time
intervals. The sample is representative of the wastewater only when the flow is con-
stant or varies by less than 10%.

In flow-proportioned composite sampling, the volume of each aliquot is propor-
tional to the wastewater flow at the time it is collected. Such sampling can be flow-
paced or time-paced. In flow-paced sampling, a fixed volume of wastewater is col-
lected at a constant flow interval [e.g., a 200-mL aliquot per 20 m® (5283 gal) of
wastewater flow] and placed in one container.

In time-paced sampling, each aliquot is collected in one container at a fixed time
interval but its volume varies in proportion to the wastewater flow. Larger samples
are taken during higher flows and smaller ones during lower flows. Alternatively,
each aliquot can be a fixed volume collected at a fixed time interval and deposited in
its own container. Afterward, a composite can be prepared by pulling volumes from
each aliquot in proportion to the wastewater flow when the aliquot was taken.

SAMPLING METHODS. Samples can be taken manually or automatically. The
choice depends on such factors as:

e Costs,
¢ The duration of the sampling event,
* Accessibility and safety considerations, and

* The nature of the sampling event.
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FIGURE 3.4 Various manual sampling devices (from left to right: sample dipper,
swing sampler, and sample containers) (USA Bluebook, Waukegan, Illinois).

Manual Sampling Methods. Manual sampling is an event strictly triggered and
controlled by one or more persons. The sample can only be collected at the sampler’s
behest. Automatic sampling, on the other hand, is controlled by a programmable or
mechanical logic sequence. A person determines the logic sequence, but a machine
initiates the sample collections.

Manual samples can be collected via simple field equipment (e.g., dip poles, rope
and bucket, or a variety of sample bottles) (Figure 3.4). More sophisticated manual
methods involve battery operated peristaltic pumps or pump heads mounted on an
ordinary battery-operated drill (Figure 3.5), submersible or aboveground centrifugal
pumps, or automatic sampling equipment operated in the manual mode.

FIGURE 3.5 Peristaltic pump head, which can be mounted on a battery-operated
drill and used to collect manual samples (Barnant [Thermo Scientific], Barrington,
[llinois).

69



70

Industrial Wastewater Management, Treatment, and Disposal

Manual sampling is preferred when a parameter (e.g., pH, dissolved oxygen)
must be analyzed immediately in the field, only grab samples are required, when the
sampling event is reasonably short and can be completed during working hours,
when labor costs are not excessive, and when the sampling frequency and analysis
can only be determined based on direct observation of the wastewater (e.g., color,
turbidity, or presence of oil sheens).

Automatic Sampling Methods. In automatic sampling, a machine collects the
sample(s). This technology has advanced significantly in the past 10 to 15 years, and
automatic samplers can now be used to collect both grab and composite samples.
Commercial samplers are available in 1-, 4-, or 24-bottle configurations, and custom
configurations are possible. They can be programmed to collect samples based on a
time sequence, a flow sequence (when connected to a flow metering device), or any
other event that triggers a signal.

For example, automatic samplers are widely used in stormwater sampling pro-
grams, which require both grab and composite samples. The sampler is typically con-
nected to a flow meter and programmed to collect a grab sample during the first 30
minutes of a storm event as well as a flow-paced composite sample of the entire
event’s runoff. The sampler also could be connected to a rain gauge and programmed
to begin collecting samples once a certain rainfall intensity is detected.

Automatic samplers work well when collecting composite samples, especially
flow-proportioned ones (Figure 3.6). They also are preferred when the sampling site
is difficult to access (e.g., down a ravine or surrounded by mud, dense vegetation, or
floodwater) or when a person’s safety could be jeopardized (e.g., stormwater sam-
pling during events involving lightning). In addition, automatic samplers may be
more cost effective than manual sampling when multiple locations must be sampled
simultaneously.

When selecting automatic samplers and sample locations, readers should make
sure that:

* The sampler is made of materials that are resistant to the wastes being sam-
pled (e.g., acidic flows, high organic solvent concentrations);

e [tis protected from corrosive atmospheres, especially in confined areas;

¢ It will not be used in explosive environments unless intrinsically safe or
appropriately designed;
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FIGURE 3.6 An example of a commercially available automatic sampler (courtesy of
TELEDYNE ISCO, Lincoln, Nebraska).

Its suction pump provides enough velocity to prevent heavier solids from set-
tling in the sampling tube and include representative levels of them in the
samples;

It can keep the sample cold enough (via ice or refrigeration) during the com-
posite sampling period;

Its proposed location will not exceed the sampling pump’s suction head capa-
bilities;

If intended for automatic flow-paced sampling, the sampler and flow meter

have a compatible interface; and

The purge cycle between sampling events actually cleans the sampling tube.

As with all equipment, preventive maintenance and frequent cleaning are neces-

sary. In particular, the intake tube must be cleaned regularly and replaced periodi-

cally to avoid solids buildup and biofouling.

SAMPLING PROCEDURES AND TECHNIQUES. Because wastewater varies,
sampling and analysis personnel should do the following to ensure success:

Select sampling points carefully—in the main body of flow where the velocity
is high and not influenced by previous deposits or side currents—to ensure
that the collected wastewater is thoroughly mixed;
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* (Clearly mark sampling points so later samples can be collected from the same
location;

* Make sure that proper sampling equipment is available and adequate safety
precautions are observed;

* Before sample collection, rinse the sampling containers two or three times
with the water to be collected (unless biological samples will be collected or
the sample bottle contains a chemical preservative);

* Thoroughly flush the sample lines first to ensure that each sample is represen-
tative of the source (e.g., if a sample line holds 20 L, then at least 25 L of waste-
water should be drained from the line before a sample is collected);

¢ Use the appropriate sampling containers;
¢ Use proper sample-preservation techniques;

¢ Collect samples large enough for both the required analysis and a confirma-
tion analysis in case the first results are questionable;

* Label the sample containers with the date, time, exact sampling point, type of
sample (grab or composite), sampler’s initials, preservatives used (if any), and
type of analysis required;

¢ Thoroughly mix the composite-sample reservoirs before collecting samples;
and

* Mix all samples immediately before analysis.

RELEVANT ANALYSIS METHODS AND PROCEDURES. Analytical
methods and procedures relevant to wastewater sampling are mostly published as
regulations in the Code of Federal Regulations (CFR) at Title 40 Part 136. The U.S.
Environmental Protection Agency (U.S. EPA) publishes these methods for use by
industries and municipalities to analyze the chemical, physical, and biological com-
ponents of wastewater and other environmental samples as required by the Clean
Water Act (CWA). The following U.S. EPA Web site, http://www.epa.gov/water-
science/methods/, lists a number of references on this subject, including;:

¢ Approved and promulgated test procedures to measure pollutants in various
media;

* Methods submitted for approval or already in use but not promulgated;
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e Approval and validation process for submitting new test methods or proce-
dures for U.S. EPA approval;

* Procedures to confirm laboratory performance; and

* Method updates to revise the list of approved analysis and sampling proce-
dures.

QUALITY ASSURANCE AND QUALITY CONTROL

Basically, quality assurance is equated with trained personnel, standard methods and
reagents, calibrated instruments, documented laboratory results, and chain-of-cus-
tody procedures and other recordkeeping requirements. Quality control is equated
with adherence to approved methods, routine analysis of standards and spikes, and
records of spike results.

Checks must be conducted during sampling and analysis to ensure that the
results are precise and accurate (Figure 3.7). Sample-collection techniques can be
checked via the following samples:

¢ Trip blanks are used to check for potential contamination during the sampling
process and during transportation of the sample between the sampling site
and the laboratory. These are sample vials filled with deionized water at the
laboratory that travel with the sample bottles and samples. Although never
opened, they are exposed to the same environmental conditions as the col-
lected samples. The blanks then are analyzed at the laboratory for the same
parameters as the samples using the same analytical methods.

Result neither Result precise Result is both precise
precise nor accurate  but not accurate and accurate

FIGURE 3.7 Demonstration of accuracy and precision (adapted from Willard et al.,
1981).
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* Field blanks or field reagent blanks are similar to trip blanks but are prepared
in the field by filling a vial with deionized water in the same way that actual
samples are taken. These blanks should detect any contaminants introduced
into the sample via sampling techniques or analytical procedures.

¢ Equipment or rinsate blanks check the cleanliness of the equipment or sam-
pling containers, as well as the effectiveness of decontamination procedures
between sampling events. Typically, deionized water is poured onto the sam-
pling equipment (or pumped through an automatic sampler, as appropriate)
and then collected for analysis of the parameters of concern.

¢ Field duplicates are used to both check analytical precision and evaluate how
well a sample represents its source. Duplicate samples of a source are collected
simultaneously and then analyzed for constituents of concern.

¢ Split samples are used to check for discrepancies in two laboratories” analyt-
ical results. One sample is split into two containers and then each is sent to a
different laboratory for the same analysis.

Analytical techniques can be checked via the following control measures:

* Areagent blank is a sample of the reagents used in an analytical procedure.
Lab staff analyze it to determine if these constituents might bias the results in
actual samples.

Matrix spikes and matrix spike duplicates are used to verify an analytical proce-
dure’s accuracy and precision and to check for matrix interferences. Analysts add a
known amount of an analyte (called a “spike”) to a sample and then prepare and
analyze it just like any other sample. The difference between the amount of spike
added and the amount found during analysis (percent recovery) indicates the effect
of a particular sample matrix on the procedure’s accuracy. A matrix spike duplicate
sample is theoretically equal to the corresponding matrix spike sample and provides
a means of measuring method precision.
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A thorough, methodical assessment of an industrial facility and the characteris-
tics of its wastewater sources is a prerequisite for an effective wastewater manage-
ment plan. The methods and procedures for surveying and characterizing industrial
wastewater typically are used by regulators and consultants to implement Clean
Water Act (CWA) requirements, but they also can be used to help develop treatment
facilities, identify potential savings, optimize production, determine compliance with
discharge requirements, and establish a sound troubleshooting program.

DEFINITIONS

Following are several terms commonly used when characterizing wastewater:

* Acidity is the strength of an acidic solution, measured via a titrimetric proce-
dure with an alkaline reagent and commonly expressed as mg/L of calcium
carbonate (CaCO;) equivalents.

* Alkalinity is the strength of an alkaline solution, measured via a titrimetric pro-
cedure with an acidic reagent and commonly expressed as mg/L of CaCOs
equivalents.

* Bioassay is a test used to evaluate the relative potency of a chemical or mixture
of chemicals by comparing its effect on a living organism to that of a standard
preparation.

* Biochemical oxygen demand (BOD) is a measure of the amount of oxygen used
by decomposing organic material in a wastewater sample over a specific
period (typically 5 days); it is used to measure the readily decomposable
organic content in wastewater.

* A colony forming unit (CFU) indicates the number of bacteria in a known
volume of water by measuring the number of bacterial colonies grown on a
nutrient substrate.

* Chemical oxygen demand (COD) is a measure of the oxygen-consuming capacity
of the organic and inorganic matter in wastewater; it is expressed as mg/L of
consumed oxygen. These results do not necessarily correlate to BOD because
the chemical oxidant may react with substances that bacteria do not stabilize.

* Coliform bacteria are bacteria in the intestinal tract of warm-blooded animals;
they are used to indicate fecal contamination in water.
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Colloids are finely divided solids that will not settle but may be removed via
coagulation, membrane filtration, or biochemical action.

Composite sample (weighted) is a sample composed of two or more portions col-
lected at specific times and added together in volumes related to the flow at
time of collection.

Conventional pollutants are those typically found in municipal wastewater [e.g.,
BOD, total suspended solids (TSS), fecal coliform bacteria, oil and grease, and
pH], which municipal secondary treatment plants typically are designed to
treat; these pollutants are defined in 40 CFR 401.16.

Daily discharge is the discharge of a pollutant measured during any 24-hour
period that, for sampling purposes, reasonably represents a calendar day.
For pollutants with limits expressed in units of mass, the daily discharge is
calculated as the total mass of pollutant discharged during the day. For pol-
lutants with limits expressed in other units (e.g., concentration), the daily
discharge is calculated as the pollutant’s average measurement throughout
the day (40 CFR 122.2—Definitions).

Dissolved oxygen is the amount of oxygen gas dissolved in a given quantity of
water at a given temperature and atmospheric pressure. It typically is
expressed as a concentration in parts per million or as a percentage of satura-
tion.

A grab sample is a sample taken from a wastestream on a one-time basis
without consideration of time or flow rate.

A hazardous substance is any substance other than oil that, when discharged to
U.S. waters, is an imminent, substantial danger to the public health or welfare,
including fish, shellfish, wildlife, shorelines, and beaches (CWA Sec. 311);
identified by the U.S. EPA as the pollutants listed in 40 CFR 116.4—Designa-
tion of Hazardous Substances.

Heavy metals are metallic elements (e.g., cadmium, chromium, copper, lead,
mercury, nickel, and zinc), many of which are toxic at relatively low concen-
trations and are found in industrial wastewaters.

Inorganic material is material derived from non-organic (non-living) sources.

Laboratory water is purified water used in the laboratory as the basis of solu-
tions or to dilute samples.
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A mass-based standard is a discharge limit measured in a mass unit (e.g.,
Ib/day).

A method blank is laboratory-grade water taken through the entire analytical
procedure to determine whether samples are being accidentally contaminated
by chemicals in the laboratory.

A method detection limit (MDL) is the minimum concentration of a substance
that can be measured and reported with 99% confidence that the analyte con-
centration is more than zero; it is determined via analysis of a sample in a
given matrix containing the analyte.

Million gallons per day (mgd) is a unit of flow typically used to measure waste-
water discharges.

Monitoring is the process of collecting data to systematically check a substance
or process.

Nitrates is the generic term for materials containing the nitrate ion (NO3);
sources include animal wastes and some fertilizers. Nitrates are linked to
human health problems and also may cause overgrowth of aquatic plants in
surface waters.

Nonconventional pollutants (e.g., COD, TOC, nitrogen, and phosphorus) are
those not included in the list of toxic and conventional pollutants in 40 CFR
401.15 and 401.16, respectively.

Nephelometric turbidity units (NTU) is a measure of turbidity.

Organic material is material derived from organic (living) things that contains
carbon compounds.

Peak flow is the highest instantaneous flow expected to be encountered under
any operating condition.

pH is a numeric value describing a solution’s degree of acidity or alkalinity; it
is calculated as the negative logarithm of the hydrogen ion concentration in
moles per liter.

Phosphates is the generic term for materials containing a phosphate (POj)
group; sources include fertilizers and detergents. Phosphates are plant nutri-
ents and may cause overgrowth of aquatic plants in surface waters.
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A pollutant is an impurity (contaminant) that changes the physical, chemical,
or biological characteristics of air, water, or land in a manner that may be
harmful to humans or other living organisms.

Parts per billion (ppb) is a unit of concentration denoting the amount of a chem-
ical found in 1 billion parts of a solid, liquid, or gaseous mixture; it is equiva-
lent to micrograms per liter.

Parts per million (ppm) is a unit of concentration demoting the amount of a
chemical found in 1 million parts of a solid, liquid, or gaseous mixture; it is
equivalent to milligrams per liter.

A preservative is a chemical added to a water sample to keep it stable and pre-
vent compounds or microorganism densities from changing before analysis.

Priority pollutants are those considered most important to control under the
CWA based on the Natural Resources Defense Counsel (NRDC) consent
decree settlement, a list of which is provided in Appendix A to 40 CFR 423—
126 Priority Pollutants.

Process wastewater is any water that, during industrial manufacturing or pro-
cessing, comes into direct contact with, or results from the production or use
of any raw material, intermediate product, finished product, byproduct, or
waste product.

Purgeable organics are volatile organic chemicals that can be forced out of a
water sample relatively easily via forced gas purging.

Self-monitoring is sampling and analyses performed by a facility to determine
its compliance with a permit or other regulatory requirements.

Settleable solids are particulate in wastewater that will settle via gravity in a
reasonable length of time (typically 1 hour) when the water is quiescent.

Specific conductance is a measure of a water’s ability to conduct an electrical
current; it is related to the type and concentration of ions in solution and
can be used to approximate the total dissolved solids (TDS) concentration
in water.

Total dissolved solids is the sum of all inorganic and organic particulate material
in a water sample; it is an indicator test used for wastewater analysis.
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Total organic carbon (TOC) is a measure of the organic carbon concentration in
a water sample.

A toxic chemical is one that could damage or kill humans, animals, or plants.

Total suspended solids is a measure of the filterable solids in a sample; it is deter-
mined via the method specified in 40 CFR 136.

The following terms are primarily associated with effluent toxicity:

Whole effluent toxicity (WET) is the aggregate toxic effect of an effluent or
receiving (ambient) water measured directly via a toxicity test using pre-
scribed biological specimens.

Acute toxicity is a measure of primarily lethal effects that occur over a short
period of time (e.g., 96 hours or fewer).

Chronic toxicity refers to sublethal effects (e.g., inhibition of fertilization, growth,
and reproduction) that occur over a longer exposure period (e.g., 7 days).

Biomonitoring tests is a generic term for the U.S. EPA’s analytical methods used
to determine acute and chronic toxicity in a biological system.

A toxicity reduction evaluation (TRE) is a site-specific, stepwise study designed to
identify the cause(s) of effluent toxicity, isolate them, evaluate the effectiveness
of toxicity-control options, and then confirm the reduction in effluent toxicity.

A toxicity identification evaluation (TIE) is the portion of the TRE that uses toxi-
city tests to track changes in the presence and magnitude of toxicity as the
effluent is manipulated to isolate, remove, or render biologically unavailable
specific types of constituents. Its objective is to relate toxicity to the waste-
water’s physical or chemical characteristics to try to determine the com-
pound(s) causing effluent toxicity.

Test organisms are the aquatic species typically used in biomonitoring tests [in
freshwater biomonitoring tests, these typically include the fathead minnow
(Pimephales promelas) and the water flea (Ceriodaphnia dubia)].

The 50% lethal concentration (LCsg) denotes the concentration of an effluent (or
toxicant) that will kill 50% of the test organisms within a specified period (typ-
ically 24, 48, or 96 hours). It typically is the endpoint of acute toxicity tests. For
example, if test results estimate that the 24-hour LCs is 70%, then half of the
test organisms in a sample containing 70% effluent would be expected to die
within 24 hours.
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e The 50% effective concentration (ECsp) denotes the concentration of an effluent
(or toxicant) that adversely affects half of the test organisms (based on visual
observations).

* The lowest observed effect concentration (LOEC) is the lowest concentration of an
effluent or toxicant that causes observable adverse effects on the test
organism.

* The no observed effect concentration (NOEC) is the highest concentration of an
effluent or toxicant that causes no observable adverse effects on the test
organism; it is an important endpoint for both acute and chronic tests.

o The chronic value is the geometric mean of the LOEC and NOEC.

* A toxicity unit expresses the relative toxicity of an effluent; the larger the toxic
unit, the more toxic the effluent is (e.g., TU = 100/LCs).

¢ Dilution water is water used for controls and to make specified dilutions of the
effluent. If laboratory water is used to prepare dilutions, the water must meet
the U.S. EPA’s specifications for such parameters as hardness, pH, alkalinity,
and conductivity.

* A reference toxicant is a substance whose degree of toxicity to test organisms is
known. The organisms can be tested with this toxicant to ensure that they are
in their normal range of sensitivity to toxic substances.

® A screening test is a simple biomonitoring test to determine whether a sample
containing 100% effluent is lethal to the tested species within a specified
period (typically 24 hours). Screening tests are useful for rapidly evaluating
the acute toxicity of a raw effluent (e.g., stormwater).

INDUSTRIAL WASTEWATER SURVEY

OBJECTIVE. An industrial wastewater survey should gather enough information
so professionals can develop a wastewater management plan. Such data include
identification of the wastewater sources, and corresponding chemical compositions,
quantities, variations, distribution, and discharge frequencies and durations of all
process wastestreams. The data are used to describe the facility’s wastewater,
develop or model potential management strategies, and provide a baseline for evalu-
ating the effects of changes in production, water conservation, or regulations.
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To develop an effective strategy, wastewater management professionals need to
fully understand how each manufacturing process uses water and generates wastes.
The best way to collect such information is to discuss and diagram facility operations
with the production manager and shift supervisors. The result should be accurate
facility drawings showing the locations of various processing units and their rela-
tionship with water supply and wastewater generation and associated collection sys-
tems. Then, each wastestream should be analyzed to determine its frequency, dura-
tion, flow rate, and pollutant types and concentrations. If possible, flows should be
measured and samples collected via permanent monitoring stations; otherwise, tem-
porary data-collection points should be used. The frequency, extent, and type of
monitoring and sampling needed depend on each wastestream’s nature and vari-
ability. To ensure that each wastestream is characterized appropriately, a sampling
and analytical plan should be prepared.

Once all wastestreams have been fully characterized, they can be sorted based on
pollutant types or concentrations, or applicable U.S. EPA categorical effluent stan-
dards (see Table 2.1 in Chapter 2). Surveyors also should obtain environmental
reports (e.g., community right-to-know reports or discharge monitoring reports), as
well as monthly and annual records of chemical and raw material use and produc-
tion. This information helps wastewater management professionals correlate mate-
rial use and waste generation.

IDENTIFYING CATEGORICAL WASTESTREAMS. The standard industrial
classification (SIC) code is typically used to determine applicability to industrial cate-
gorical effluent standards. Any wastestreams covered by federal categorical effluent
standards should further be identified as subject to concentration limits, raw mate-
rials-based standards, or production-based standards. Production-based standards,
for example, directly relate the allowable mass rates of specific pollutants to the
appropriate process’s production rate. If categorical and noncategorical wastewater
sources are combined before compliance sampling, the combined wastestream for-
mula is used to determine compliance with the categorical limits. (For more informa-
tion on this subject, see U.S. EPA, 1985.)

IDENTIFYING WASTEWATER GENERATORS. The in-plant survey should
identify wastestreams from both production processes and pollution-control efforts
(e.g., wet air scrubber blowdown, sludge dewatering, product change washouts, site
cleanup, yard drainage, noncontact cooling water, boiler blowdown, or secondary
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containment spillage). Although some of these wastestreams may be small and dis-
charged infrequently (e.g., slugs), they could seriously affect the overall wastewater’s
treatability. Many industrial facilities consider treating hazardous wastes onsite
because of the restrictions and costs associated with offsite disposal.

Surveyors should categorize wastestreams according to pollutant types. Doing
so may reveal incompatibilities that must be resolved before the wastestreams can be
combined. For example, plating shops may generate both acidic and cyanide-laden
wastestreams that would be dangerous to combine until after the cyanide has been
removed. Categorizing wastestreams also may reveal some that only contain conven-
tional pollutants (e.g., BOD and suspended solids) and so may simply be discharged
to a publicly owned treatment works (POTW) or a biological treatment plant onsite
without additional treatment.

Some wastewaters—especially high-strength, complex industrial wastewaters—
exhibit inhibited results when the BOD analysis involves a minimum number of dilu-
tions and unacclimated seed (e.g., seed from a local POTW or commercial labora-
tory). The COD test is not subject to the effects of inhibition and can also be used to
characterize industrial wastewaters. Chemical oxygen demand may be used to
approximate BOD if the compounds contributing to BOD are consistent enough for a
typical COD-to-BOD ratio factor to be applied. Chemical oxygen demand analyses
may be run onsite in 2 to 3 hours, while BOD analyses, because of the incubation
period, take 5 days in a laboratory to complete. When using COD to characterize a
wastewater’s organic strength, analysts must account for any inorganic, oxidizable
components (e.g., ferrous, nitrite, sulfide, and sulfite) that may contribute to the COD
concentration.

IDENTIFYING WATER USERS. A comprehensive wastewater management
evaluation should identify all processes that require water; their minimum,
average, and maximum flow requirements; and the water quality required. Water
quality can be categorized by type (e.g., city water, demineralized water, well
water, or filtered river water) or by specific constituent (e.g., TDS, TOC, pH, or
iron) concentrations. These data can be used to evaluate water-conservation and
wastewater-minimization strategies.

Site-specific constraints may limit how much water can be supplied to the site
and how much wastewater it can discharge. Also, reducing the wastewater volume
via recycling, reuse, and other conservation methods may lower the pretreatment
system’s capital and operating costs, as well as the facility’s water and sewer use
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charges. Water-conservation methods include reusing cooling water as product-
makeup or product-cleanup water, reusing water as evaporative cooling-water
system makeup, collecting stormwater for noncritical water uses, installing flow-
restricting or water-saving devices, purifying and recovering selected wastewater
sources, and recycling water in closed-loop systems.

PREPARING FLOW AND MASS BALANCES. Water often serves as both a
raw material and a cleanup agent, so its consumption and fate (e.g., wastewater
flows, product incorporation, and evaporative losses) must be accounted for in a
process mass balance. The wastewater professional should use the survey data to
prepare mass balances of the facility’s wastewater flows and wasteloads. These mass
balances confirm that the survey accounted for all wastewater flows and pollutant
loads (not counting differences in water and wastewater flows that can be attributed
to cooling-tower evaporation losses, boiler steam-condensate losses, landscape irri-
gation water, water used in the product, ambient air humidity condensation,
stormwater impoundment drainage, and potential subsurface piping leaks). Mass
rates may be affected by seasonal issues, so surveyors should obtain any significant
time-sensitive correlations to avoid overlooking a potential worse-case scenario.

A facility-wide mass balance can be complex, especially if it involves multiple
processes generating separate wastestreams that flow through one wastewater-
collection system. So, the wastewater professional should first prepare a mass bal-
ance for each process that accounts—as accurately as possible—for the conversion
of raw materials into products, solid wastes, wastewater loadings, etc. during a
specific period. Then, each mass balance can be consolidated into an overall mass
balance for the entire facility. If possible, the overall mass balance’s results should
be verified by measuring the facility’s total effluent flow and analyzing its pollu-
tant concentrations during a representative period.

Properly prepared mass balances provide data that can be used to prepare a
treatment strategy and determine flow-equalization requirements. They also uncover
opportunities for recycle or reuse of water. (Wastewater managers should focus on
cost-effective recovery and reuse methods, which often reduce the cost of end-of-
pipe treatment systems.)

Figure 4.1 is an example of a water flow balance for a combined cycle power-gen-
erating station. It shows four sources of inflow—recovered chiller condensate, well
water, potable water, and stormwater—and six outflows—sanitary waste, chemical
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cleaning waste, softener regenerant wastewater, cooling tower evaporation, treated
process wastewater, and untreated process wastewater. The water balance provides
useful information for the design of water treatment, storage, and conveyance sys-
tems. It can also be used to furnish information required in the application for an
NPDES wastewater discharge permit.

IN-PLANT CONTROL AND POLLUTION PREVENTION. Once the indus-
trial facility’s mass balance is completed and the sources and loads of various
wastestreams have been determined, facility staff should consider options for
reducing the concentrations and volumes of wastestreams that must be pretreated.

Staff should first focus on eliminating pollutants by substituting raw materials
that generate no wastewater or only wastewater that requires no pretreatment. When
such substitutions are impossible (e.g., because of product specifications) or econom-
ically infeasible, staff should consider the possibility of recycling or reusing process
wastes. For example, sometimes the concentrated solutions obtained during cleanup
operations can be recycled as part of a feedstock in the next production run. If treated
wastewater cannot be reused in-plant, perhaps an outside party can reuse it.

If the wastes cannot be eliminated, recycled, or reclaimed via changes in produc-
tion activities, staff should focus on reducing them by implementing good house-
keeping measures, controlling spills (via spill-containment enclosures and drip trays
around tanks), eliminating any “wet floor” areas, and using rinses that are either
static or have no overspray. Proper housekeeping is especially important because it
can be one of the most cost-effective methods for reducing pollutant loads and main-
taining regulatory compliance.

Pollution-prevention and waste-minimization efforts should be continual, not a
one-time event. Success depends on specific, measurable goals that all facility per-
sonnel are committed to achieving, and on public recognition of all milestones.
Unless everyone is working to achieve these goals, “significant” achievements may
be only temporary and the program’s long-term success is less likely.

The facility’s waste management strategy should be incorporated at the begin-
ning of the plan and linked with all other components of the planning and imple-
mentation process. The benefits of a well-implemented plan include lower costs,
better product quality, increased production, better public relations, less liability, and
successful regulatory compliance. (For more information on pollution prevention,
see Chapter 7).
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CHARACTERIZING INDUSTRIAL WASTEWATER

OBJECTIVE. An industrial wastewater characterization should confidently esti-
mate the volumes and properties of individual water and wastewater streams.
This is a challenge because both hydraulic and constituent flow rates vary greatly
in most industrial processes. So, a protocol must be developed to obtain enough
data to illustrate this variability without exceeding the characterization budget,
which is often limited. Costs can be minimized by judiciously limiting analyses to
constituents of concern.

Those familiar with the industrial or manufacturing processes can make sound
assumptions that will minimize the number of samples, measurements, and new
data points needed. An economic alternative to sampling is to research applicable
data from purchasing documents, chemical-use records, MSDSs, water-use records,
wastewater DMRs, and manufacturing production logs. However, existing plant
data should only be used if sufficient information is available when the data were
collected, such as plant operating conditions, the collection procedures used, and the
data’s accuracy.

FLOW MEASUREMENT PLAN. The flow measurement plan should be
designed to provide the specific flow data needed. For example, if the facility’s
effluent limit is based on maximum daily flow, then the plan should generate enough
data so this flow can be estimated. Average weekly or monthly flow estimates may
be needed to determine how often a tanker should deliver treatment chemicals to a
bulk storage tank. Peak instantaneous flow rates (in gallons or liters per minute) may
be needed to determine a new pump’s capacity or a pipe’s diameter.

The most reliable flow estimates are those available via existing flow meters.
Industrial facilities typically use flow meters to monitor water supply to both the
facility and individual processes, water used in the product(s), cooling tower
makeup and blowdown, boiler feedwater, outfalls, and demineralized water makeup
and production. If the facility does not have historical flow records, the flow mea-
surement plan should have the metered flows recorded for a predetermined period.

If data records and flow meters are unavailable, flows can be estimated via sev-
eral methods. For example, a constant-speed pump’s flow rate can often be estimated
via the pump curve if discharge pressure and motor horsepower are known. Tempo-
rary recording ammeters can be attached to the pump motors to log their run times.
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Flow also can be estimated based on the time required to add a known volume to a
container [e.g., a 19-L (5-gal) carboy, a 0.2-m> (55-gal) drum, or an existing bulk
storage tank whose fill depth and diameter are known]. Other flow-estimation
methods include per capita domestic water use, manufacturer’s equipment specifica-
tions, production records, hose or spray nozzle size, portable strap-on ultrasonic flow
meter, depth of flow in open channels formula, current meter or timed velocity of a
floating object in an open pipe or channel, dimensional measurements of end of pipe
free flow discharge and formula, and temporary V-notch weirs.

SAMPLING AND ANALYTICAL PLAN. The sampling and analytical plan
should be designed to support the specific data needed. If the data will be used to
develop a preliminary wastewater management plan or provide a rough characteri-
zation of the facility’s wastewater, then relatively few samples are required. This type
of sampling, called judgmental sampling, is cost-effective but does not precisely char-
acterize the facility’s wastestreams. If the data will be used to design a wastewater
treatment system or make significant economic decisions, a more rigorous sampling
program, called systematic sampling, should be developed. Systematic sampling
designs ensure that the resulting data provide a statistically significant representa-
tion of the wastestream constituents.

Several factors should be considered when developing the sampling and analyt-
ical protocols. These include sampling-point location, type of sample, frequency of
sampling, duration of each sample event, and appropriate coincidence of sampling
activities with plant operations. To create a cost-effective analytical schedule, plan-
ners may first need to analyze representative effluent samples for the full spectrum
of pollutants to determine which are present in the facility’s wastewater. The
schedule can then be established accordingly.

Sampling requirements are typically parameter-specific (see Standard Methods for
the Examination of Water and Wastewater, Sec. 1060, et al. [APHA et al., 2005]). Some
analyses require discrete (grab) samples, and others need samples that are a combi-
nation (composite) of several discrete samples to try to obtain an average. Basically,
there are three types of samples (Corbitt, 1999):

* Grab samples are required for certain parameters (e.g., pH and volatile
organic compound analyses), but they do not necessarily reflect wastewater
characteristics accurately, especially when flow and pollutant concentration
varies over time.
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¢ Time-based composite samples consist of multiple aliquots taken at preset
intervals and deposited in one container. This procedure will yield a partial
representation of the wastewater’s average composition. Some automatic sam-
plers can put each aliquot in an individual container, which can help analysts
evaluate the diurnal fluctuations of specific constituents (e.g., pH). Time-
spaced data, for example, may help design engineers size equalization tanks.

¢ Flow-proportional composite samples mirror the actual wastewater quality
most accurately. In this sampling method, an automatic sampler is connected
to a flow meter with an electronic output signal and programmed to collect
samples at equal flow intervals.

Typically, samples may be taken by a person or an automatic sampler, which can
be rented or purchased. Commercial laboratories often furnish both the equipment
and labor required to conduct the sampling program via automatic samplers.

Once the appropriate wastewater constituents and sampling-related variables
have been determined, a sampling schedule should be prepared that lists the analyt-
ical constituents, the sampling dates and times, the types of samples to be taken, and
any special instructions and comments. Cost estimates of the sampling and analysis
program should be based on this schedule, which can be conveniently transmitted to
a commercial laboratory for its use.

For more specific guidance on oil and grease sampling procedures, see
Chapter 10. For more specific guidance on pH sampling and evaluation proce-
dures, see Chapter 11.

REPRESENTATIVE SAMPLING. Sampling activities must be done by trained,
experienced personnel because if the samples are not representative of the actual
wastewater, then no matter how good the data are or which analytical methods were
used, the results will be wrong.

One common challenge is ensuring that the sample contains the same suspended
solids concentration that the overall wastestream does. Because solids entrainment
depends on velocity, samplers should try to obtain samples isokinetically (i.e., not
changing the stream’s velocity as it approaches and enters the sampler intake). Isoki-
netic sampling is difficult but can be approximated by using automatic samplers and
rigidly securing the sample tube so it faces upstream—but is not near the water sur-
face or at the bottom of the pipe or tank being sampled. Sampling program staff also
should inspect the sample tubing for cleanliness before use (to avoid introducing
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non-representative impurities into samples). If representative sampling of a
wastestream is problematic, sampling staff may use mixed-flow equalization (see
Chapter 8) to obtain accurate time-averaged results.

Facility operations should be forecast before and confirmed after each sam-
pling event to avoid any planned variations that could skew the analytical results.
Such variations include floor washing (especially if it involves cleaning chemicals),
concentrated spent-solution tank dumps, tank cleanups, regeneration of ion-
exchange units, clean-in-place operations, off-spec product dumps, and spills or
tank overflows.

ANALYTICAL SERVICES. Wastewater analyses can range from field test kits to
complex laboratory procedures. Typically, commercial field test kits are used when
gross trends or approximations are acceptable, although the U.S. EPA has approved
such kits for some monitoring purposes. Test kits provide quick, inexpensive results
and can be completed by an operator or technician.

Many industrial facilities have onsite laboratories or direct access to a corporate
laboratory. Such facilities must decide whether to analyze samples in-house or hire
an independent commercial laboratory to do the work. This decision depends on
such factors as cost, the plant laboratory’s objectivity, laboratory-certification
requirements, and the overall analytical workload. If a commercial laboratory is
selected, facility staff should verify its qualifications, including any required certifi-
cations and the use of U.S. EPA-approved quality-assurance and -control procedures.
Staff also should periodically “split” samples and have two laboratories analyze
them to verify that the analytical results are accurate.

The analytical methods for wastewater and residuals are well established and
updated periodically. Regulations sometimes specify which methods may be used.
Most commercial laboratories use the latest editions of the following references:

* Methods for Chemical Analysis of Water and Wastes (U.S. EPA, 1983),

o Test Methods for Evaluating Solid Waste, Physical/Chemical Methods (U.S. EPA,
2004), and

o Standard Methods for the Examination of Water and Wastewater (APHA et al.,
2005).

Laboratory staff should inform the sampling team about special requirements for
sample collection, preservation, and maximum holding times. The laboratory also
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should furnish labels and sample bottles, including pre-dosed preservatives (if nec-
essary). If soluble and particulate constituents must be speciated, the laboratory will
furnish bottles that contain a preservative for the overall wastewater sample and no
preservative for the particulate sample, which will be filtered in the laboratory. (For
more on sampling requirements, see Chapter 3.)

Once the results are made available, they must be carefully reviewed to ensure
that they are reasonably consistent. The laboratory should be made aware of ques-
tionable results immediately and given the opportunity to recalculate the results or
re-analyze the sample. Once the data have been accepted, a summary spreadsheet
should be prepared. Various spreadsheet programs can then be used to graph the
data and perform statistical analysis.

DATA INTERPRETATION. After flow and analytical data have been verified
and tabulated, findings can be drawn by interpreting the data properly via graphing
and statistical analysis. Typically, a data set’s average and standard deviations are
calculated; they provide the primary basis for developing overall wastewater man-
agement concepts (e.g., control methods, operational changes, recycle and reuse, seg-
regation and treatment, and alternative-concept evaluations).

When designing wastewater treatment facilities, more statistical manipulations
are recommended (Eckenfelder, 2000). These include a probability plot showing a
specific parameter’s frequency of occurrence. To do this, the data are sectioned into
values that the parameter may be expected to equal (or not exceed) 10, 50, or 90% of
the time. Each value is then plotted on a graph, and the resulting linear curve can be
used to determine the median and high-probability values for design or decision-
making purposes. If probability data are only known for individual wastestreams
(not the aggregate flow), a Monte Carlo simulation can use the individual stream
data to estimate aggregate stream characteristics. (For a discussion of the statistical
methods used to evaluate data, see Chapter 3.)

It is often useful to display the data so pollutant loads are related to specific
facility operations. Some U.S. EPA effluent guidelines (e.g., 40 CFR 420 and 40 CFR
461) relate the allowable pollutant discharges to production or raw material rates.
For example, the lead battery subcategory of the battery-manufacturing effluent
guidelines establishes discharge limits in pounds of lead or copper per million
pounds of lead used as a raw material. The continuous casting subcategory of the
iron- and steel-manufacturing effluent guidelines establishes limits in pounds of
lead or zinc per million pounds of product. Comparing wastewater constituents to
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facility operations also helps staff predict how future production-rate increases will
affect pollutant loadings.

INDUSTRIAL WASTEWATER TOXICITY
CHARACTERIZATION

REGULATORY FRAMEWORK. The Clean Water Act prohibits the discharge
of “toxic pollutants in toxic amounts” to U.S. waterways; it regulates discharges via
the National Pollutant Discharge Elimination System (NPDES). Industrial facilities
that discharge directly to a waterbody are subject to NPDES permit conditions,
which include both chemical-specific and WET (whole effluent toxicity) limits to
ensure that water quality standards are achieved and maintained. Whole effluent
toxicity tests, which the U.S. EPA approved in 1995 (60 FR 53529, October 16, 1995)
and updated in 2002, measure the acute and chronic toxicity of effluents to fresh-
water, marine, and estuarine organisms. (For more information on applicable regu-
lations, see Chapter 2.)

APPLICABILITY. Industrial facilities that discharge directly to surface water
receiving streams must have NPDES permits, which typically include a requirement
to measure the toxicity of a wastewater effluent sample. Effluents from permitted
facilities are monitored, and WET limits are established if the effluent could reason-
ably exceed numeric toxicity criteria. If a permittee discovers a toxicity problem, a
toxicity reduction evaluation (TRE) may be used to identify and reduce or eliminate
the sources, whether or not the NPDES permit contains WET limits. Regulators also
may require the permittee to perform a TRE via special permit conditions or an
enforcement action.

COMMON TOXICS. The following pollutants are typically found in wastewater
treatment system effluents:

¢ Chlorine (at concentrations between 0.05 and 1.0 mg/L);
e Ammonia (at 5 mg/L as NH3-N);
* Nonpolar organics (e.g., organophosphate insecticides);

* Metals (e.g., cadmium, copper, iron, lead, nickel, and zinc) at various concen-
trations;
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¢ Chemical treatment additives (e.g., dechlorination chemicals and polymers);
e Surfactants; and

e Total dissolved solids (at concentrations between 1000 and 6000 wmhos/cm).

For more information on toxic pollutants, see Chapter 2.

TESTING APPROACH. Toxicity can be identified via two approaches: conven-
tional and toxicity-based. In the conventional approach, an effluent sample is ana-
lyzed for the 126 “priority pollutants” to try to identify the substance(s) responsible
for the effluent’s toxicity. If any were found to be present, analysts then compare
the concentration(s) in the sample to the known reference toxicity data for that pol-
lutant. Unfortunately, this approach often fails to pinpoint sources of toxicity for
two reasons:

e The 126 priority pollutants are a tiny fraction of the chemicals that could be
toxic to aquatic organisms, and

¢ This approach does not take into account a chemical’s bioavailability [the syn-
ergistic effect of other factors (e.g., TSS, pH, hardness, and alkalinity) can
affect a toxicant’s bioavailability and, thus, its toxicity].

In the toxicity-based approach, the effluent sample is subjected to various phys-
ical and chemical treatment methods that categorize the nature of the toxic sub-
stance(s). Each physical and chemical treatment test method that is applied to the
wastewater sample narrows the field of possible toxicants. Once the screening test
procedures have been applied, a list of suspect toxicants is developed and further
specific chemical analysis may then pinpoint the cause of toxicity. This latter
approach has proven to be more efficient and effective.

TEST METHODS. The U.S. Environmental Protection Agency has issued guid-
ance on the TIE test program (U.S. EPA, 1999), and modified WET procedures to
reduce the testing procedures’ time and cost burdens. The decision to use the acute
or short-term chronic tests depends on NPDES permit requirements and the
effluent’s toxicity. The initial TIE testing should be performed using the test
organism shown to be most sensitive to the effluent. If several organisms are equally
sensitive, analysts should select the one that is easiest to use.
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The effluent’s toxicity is initially characterized via the so-called Phase I approach,
in which several treatment methods are used to indicate the types of compounds
responsible. These treatment methods include:

¢ Filtration—removes insoluble compounds.
¢ Jon exchange—removes inorganic ionic species.
* C18 SPE column—the C18 SPE column’s resin removes nonpolar compounds.

* Aeration—batch aeration at acid, neutral, and basic pH removes essentially all
volatile organics, as well as ammonia at high pH.

¢ EDTA addition—this chelation test removes combined cationic metals.
¢ Zeolite resin—zeolite ion exchange removes ammonia.
¢ Sodium thiosulfate—reduces any oxidants (e.g., chlorine).

¢ Biodegradability—biological treatment almost completely oxidizes biode-
gradable organics.

After each treatment step, analysts test both treated and untreated samples for
toxicity. Through this process of elimination and knowledge of the facility’s manu-
facturing processes and operations, analysts can discover the specific chemical or
chemicals responsible for the toxicity. Then, control alternatives are identified and
evaluated, and the appropriate controls are selected. Finally, the toxicity control
method or technology is implemented and monitored to ensure that it achieves the
TRE objectives and meets permit limits.

TRE CASE STUDIES. Following are examples of TRE procedures used to iden-
tify and solve toxicity problems.

Case A. An insecticides manufacturer evaluated various treatment methods for
diazinon and chlorpyrifos. Studies suggested that solids adsorption was the best
mechanism for removing organophosphate insecticides. Treatability tests showed
that about 30% of diazinon and 85 to 90% of chlorpyrifos in the POTW’s primary
influent samples adsorbed to primary solids, and about 65 to 75% of the diazinon
added to the mixed liquor adsorbed to the biomass. Chloropyrifos adsorbed to the
biomass so strongly that none remained after biological treatment. The results sug-
gested that longer MCRTs may remove more organophosphate insecticides. More
diazinon was adsorbed in a 30-day MCRT biomass than in a 15-day biomass.
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Case B. Sometimes process chemicals may cause problems. One industrial waste-
water treatment plant routinely passed effluent toxicity tests until staff obtained a
dechlorination chemical from a new vendor. When the chemical was used, the
facility began failing effluent toxicity tests. The facility hired consultants to conduct
TREs to determine the source of this toxicity. They discovered it when the dechlori-
nation agent was changed to a new formulation and the facility again passed effluent
toxicity tests. The lesson learned is to insist that purchased chemicals come with com-
plete information on potential contaminants, including toxicity tests on product sam-
ples to verify their suitability.

Case C. A facility’s discharge caused chronic effluent toxicity to C. dubia. Toxicity-
identification-evaluation characterization tests conducted on the effluent did not
show a reduction in toxicity as a result of the Phase I manipulations. Independent
analyses of the effluent indicated elevated chloride concentrations. A mock effluent
was prepared by adding the same cation and anion concentrations observed in the
effluent sample, but using deionized water as the diluent. The mock effluent was
found to be as toxic as the actual effluent. Laboratory toxicity data for sodium chlo-
ride were used to confirm that the effluent chloride levels would impair reproduc-
tion in C. dubia at the effect concentration.
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Treatability assessments are essential to any consideration of industrial wastewater
treatment but present a complicated challenge to environmental engineers. This
chapter provides an overview of treatability assessment options. Not all options
can be covered here, but the basic approaches for conducting biological and phys-
ical-chemical tests will be used as illustrations. Because most treatability tests will
be conducted by experienced personnel at commercial laboratories and engi-
neering firms, specific test protocols will not be covered in depth, but references
will be cited where appropriate.

Industrial wastewaters come from various sources and have widely varying char-
acteristics. No two industrial wastewaters are alike; two similar plants (e.g., brew-
eries) can produce very different wastewaters. While most are too dilute to justify
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recovering products for beneficial reuse, many industrial wastewaters contain much
higher concentrations of organic constituents than municipal wastewaters. Most
industrial wastewaters contain a mixture of constituents. Some can be toxic or non-
biodegradable to biological treatment processes, intermittent discharges are common,
and treatment plant designers and operators often have no control over these charac-
teristics. A number of industries that produce wastewaters with readily biodegrad-
able organic constituents (e.g., breweries, dairies, and food-processing facilities) often
use chemicals at the end of operating shifts or on weekends for cleaning and disin-
fecting storage and processing vessels and pipelines. These chemicals can cause mis-
leading results when conducting biological treatability tests if they exist in test sam-
ples in excessively large amounts. On the other hand, the potentially negative effects
of these materials can be overlooked if their presence is not known. Industries that
operate on a batch basis with frequent changes in product mix present almost insur-
mountable obstacles to proper conduct of treatability tests. In such cases, testing
wastewater from a number of sources in the production facility or at various times
may be required, or wastewaters must be monitored continuously to detect events
that can cause upset or failure of a treatment process.

A prerequisite to conducting treatability tests is that the analyst understand the
sources of wastewater and the treatment objectives and be familiar with the oper-
ating features of the proposed treatment process. Also, the analyst should know
whether the test sample is a grab or a composite. Ideally, the analyst will know the
raw chemicals and manufactured products that can appear in the wastewater. Much
can be learned about potential interferences by examining material safety data sheets
(MSDS) for chemicals used in processing plants. However, MSDS do not always list
all materials that can adversely affect treatability.

There are two basic options for conducting treatability tests: batch tests and con-
tinuous reactor tests. Batch tests indicate reaction potential and potential interfer-
ences. Operating bench-scale reactors under continuous or semi-continuous feed
conditions often can provide more realistic indications of treatability. These tests typ-
ically involve setting up a number of reactors with each operated at different input
or operating conditions. These reactors must be operated long enough for steady-
state conditions to occur with respect to both wastewater treatment and product for-
mation. Such tests allow for reactor maturation—which can occur slowly—and show
cumulative effects of substances that may accumulate over time. For example,
ammonia released during the biodegradation of high-strength protein wastes can
inhibit nitrification when operating at low solids retention times; an influx of
chelating agent can adversely affect chemical precipitation processes.
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The decision to conduct semi-continuous or continuous bench-scale reactor tests
in addition to batch tests is somewhat subjective and depends to some extent on the
intended use of the data and the risk associated with design on the basis of short-
term batch tests. If the data will be used to design new processes, then bench-scale
reactor tests have significant value because they estimate process design and oper-
ating parameters that considerably reduce the risk of failure. If the tests are con-
ducted to evaluate operating problems in existing processes, then batch tests may
have more value because more variables can be tested in a short time. An option for
fewer risks of performance failure is to conduct laboratory- or field-scale pilot tests,
but at a substantial increase in time and costs.

MATERIALS, SUPPLIES, AND INSTRUMENTATION

To conduct treatability tests, analysts need standard laboratory glassware, hardware,
and diagnostic instrumentation (Table 5.1). Equivalent types and sizes may be sub-
stituted as long as the test setup is unaffected.

WASTEWATER CHARACTERIZATION

Adequate wastewater characterization is a prerequisite for treatability tests (Table 5.2).
Treatability assessments typically involve only one or a few samples, so the sample(s)
must be representative of the wastewater. They typically are composite samples col-
lected over a normal operations cycle and ideally should contain the expected full-
scale, maximum concentrations of all constituents. Otherwise, the treatability tests
could miss the adverse effects of high concentrations or loading rates. Analysts often
spike a sample with a waste stream or chemical when evaluating the effect of changes
in that waste stream or chemical. (For more information on wastewater characteriza-
tion, see Chapter 4.)

AEROBIC BIOLOGICAL TREATABILITY TESTING

BATCH TESTS. Batch biological tests indicate the biodegradation characteristics
of wastewater constituents, show the extent of biodegradation, provide a basis for
estimating kinetic parameters, and indicate potential toxicity. They typically involve
a series of wastewater dilutions or various concentrations of constituents expected to
appear in the pretreatment system’s influent. Ideally, the test sample’s COD should
be at or near the maximum concentration expected in practice. Respirometers often
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TABLE5.1 Summary of test materials, supplies, and instrumentation needed to
conduct treatability tests.

1. Laboratory glassware and hardware for sample handling, mixing, and transfer glass-
ware (see Standard Methods [APHA et al., 2005], Sect. 1070)

Q =0 a0 o

. Pipettes, syringes, beakers, etc.

. pH meter and standards

. Bench-top centrifuge capable of producing G > 5000

. Dissolved oxygen meter

. Filtration apparatus for TSS analysis (see Standard Methods, Sect. 2540)

Apparatus for measuring COD (see Standard Methods, Sect. 5220)

. Glass vials suitable for storing samples for subsequent chemical analysis

2. Instrumentation

a.
b.
c.

Bench-scale instruments for measuring pH, dissolved oxygen, turbidity, conductivity
Spectrophotometer for measuring optical absorbance and color intensity

Analytical instrumentation as required to detect and quantify organic and inorganic
wastewater constituents (GC, GC/MS, ion chromatograph, AA, ICP, LC, etc.)

3. Reagent or analytical grade chemicals are required for test solutions

4. Reagent grade water source (Type IV as defined by ASTM Standard D 1193 [2003] or
Standard Methods, Sect. 1080)

5. For biological treatability tests:

a.

b.

-0 a n

Respirometer system having sufficient oxygen uptake and/or gas production mea-
surement capacity to meet test objectives

Water bath, incubator chamber, or constant temperature room for maintaining con-
stant temperature in respirometer vessels (+1.0° C) and bench-scale reactors (+3° C)

. Nutrient, mineral, and buffer solutions to support biological growth
. Culture source suitable for meeting test objectives
. Organic chemicals suitable for use as control substrates

Glass or other vessels suitable for use as bench scale reactors

6. For physical/chemical treatability tests:

a.
b.

C.

Jar test apparatus
Filtration apparatus for measuring TSS
Turbidity meter
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TABLE5.2 A list of characterization parameters typically associated with various treatment

process options.

Process options

Wastewater characterization tests

Biological processes

Inorganic chemical precipitation processes, ion
exchange processes

Solids concentration processes: Settling,
dissolved air flotation (DAF), thickeners, belt
filters, filter presses, etc.

Granular media, microfilter, or ultrafilter
processes

Carbon absorption

COD, BOD, TSS, VSS, NH;—N, NO,—N,
NO;—N, PO,**, SO,~, pH. (Heavy metals, salts,
specific cations, etc. should be included if these
parameters are expected to affect biological
treatability). GC/MS analysis for specific organic
chemicals often is required if wastewaters include
pesticides, herbicides, or other anthropogenic
compounds of interest.

Instrumental analysis of all cations and anions of
interest or those expected to affect the proposed
treatment process (ICP, ion chromatograph, etc.)

TSS, VSS, particle size distribution of water applied
sometimes after pretreatment by other
physical/chemical processes.

TSS, VSS, particle size distribution of water applied
to filter, sometimes after pretreatment by other
physical/chemical processes.

Total soluble organic concentration as TOC or COD;
GC/MS analysis to determine concentrations of
individual organic chemicals of interest.

are used to measure oxygen uptake in response to various test combinations. The
seed culture used for these tests should be obtained from a source acclimated to the
wastewater constituents, but this option is not always available. While acclimated
cultures can be developed in the laboratory, this may require considerable time. So,
batch respirometer tests often are done with unacclimated cultures. This option indi-
cates the need for acclimation and will help show unusual biodegradation character-
istics. However, using unacclimated cultures may indicate less organic removal than
actually will occur in a continuously operated treatment process. A number of stan-
dardized batch test protocols are available for assessing biodegradation characteris-
tics, and the selection of a specific protocol is based on test objectives (Table 5.3).

The use of batch tests to assess biodegradation characteristics must be accompa-
nied by good experimental design. Among other things, the experimental design must
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TABLE 5.3 Batch biological test options.

Batch Test Type Objective
Aerobic batch tests : 1. To assess biodegradability of specific

a. Standard Methods, 5210.D (APHA et organic compounds or the mixture of
al., 2005) Respirometric method (for organic constituents in industrial
BOD). wastewaters.

b. OECD Method 301 (1992); U.S. EPA, 2. To provide a database for estimating
OPPTS 835.3110 (1998): Ready intrinsic kinetic coefficients in enriched
biodegradability. culture, single-compound environments.

c. 1SO 9408 (1999), 7827 (1994), 10707 3. To provide a database for assessing extant
(1994) Biodegradability tests. kinetic parameters for specific organic

d. ASTM 5120-90 (1995), U.S. EPA, chemicals in a natural biological treatment
OPPTS 850.6800 (1996); OECD 209 plant environment.

(1994); ISO 8192 (1996). Inhibition of
respiration test for sparingly soluble
chemicals.

e. Intrinsic and extant kinetic tests
(Ellis, Barbeau, et al., 1996; Ellis, Smets,
et al., 1996, Magbanua et al., 2003;

Young and Cowan, 2004).
Anaerobic respirometer tests: 1. Anaerobic batch tests are used to assess

a. U.S. EPA, OPPTS Method 835.3400 biodegradation characteristics of specific
(1998); ASTM 1196-7 (1987) Anaerobic chemicals or the mixture of chemicals in
Biodegradability (BMP). industrial wastewaters and to provide a

b. Anaerobic toxicity assays (ATA) database for estimating intrinsic kinetic
(Owen et al., 1979). parameters for specific chemicals.

¢. Anaerobic biomass activity tests 2. Anaerobic biomass activity tests provide a
(Cho et al., 2004). measure of the maximum rate at which an

d. Intrinsic kinetic tests anaerobic culture converts acetate to
(Kim et al., 1996, Davies-Venn et al., methane.

1989; Young and Cowan, 2004).

consider the proper balance between the initial substrate and biomass, an adequate
number of data points throughout the substrate uptake reaction, and the influence of
biomass decay if long time periods are required for substrate use. Equipment limita-
tions often control the type of batch tests that can be run. For example, some aerobic
respirometers often are limited to low rate tests because of oxygen transfer limits in the
reaction vessels (Moon and Young, 2002). This limit is related to the size of the reaction
vessel, the culture’s oxygen demand, and the respirometer’s mixing capabilities.
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Figure 5.1 illustrates three possible batch test responses. In this case, the test sam-
ples’ oxygen uptake is compared to that for a control substrate that is easily degraded
so the terminal oxygen uptake approaches the sample’s COD. Wastewaters requiring
acclimation will show an extended lag with recovery when acclimation occurs. In
some cases, inhibition will occur and the oxygen uptake rate will be substantially less
than that for the control. A similar trend will occur when the wastewater contains
organic substances that are slowly biodegradable. When extremely toxic chemicals
are present, the oxygen uptake can be less than that for the seed culture.

Batch biological treatability testing often is used to determine the biodegradation
coefficients for use in process design and performance models. The biodegradation
of organic materials is typically expressed as follows:

PELLERS 51)
Ks+ S
and
Rg = Y, (Re) — Ka X, (5.2)
Where

Rs = rate of substrate conversion (typically mg COD/L-d),
R = rate of biomass growth (mg VSS/L-d),
S = substrate concentration (typically COD) (mg/L),
gm = maximum specific substrate uptake rate (mg COD/mg VSS-d),

Ks = half-saturation coefficient (mg/L),

X, = active biomass concentration (mg/L),

Y, = biomass yield coefficient (mg VSS/mg CODyg), and
K4 = decay coefficient (d™).

Test data are modeled using various forms of Equations 1 and 2 and nonlinear
numerical analysis techniques to estimate the kinetic parameters: Y, Kq, gm, and Ks
(Dang et al., 1989; Young and Tabak, 1993). Parameters found when testing at high
So/ X, ratios (> 5:1) typically are labeled intrinsic, while tests conducted at low S,/ X,
ratios (< 1:1) typically provide extant kinetic parameters (those that characterize
reactions under in-plant operating conditions) (Young and Cowan, 2004).

BENCH-SCALE REACTOR TESTS. More realistic indications of treatability can
be obtained by operating bench-scale reactors under continuous or semicontinuous
feed conditions. These tests typically involve setting up a number of reactors, each
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FIGURE 5.1 Examples of oxygen uptake reactions that can occur in batch treatability
tests (Young and Cowan, 2004; used with permission).

operated at different hydraulic and solids retention times. The reactors must be oper-
ated for enough time for steady-state conditions to occur with respect to both effluent
quality and biomass growth. This condition typically requires operating the test units
for at least two solid retention times, so test durations range from 20 to 30 days for
aerobic bench-scale reactor tests and 45 to 90 days for anaerobic tests. Such tests can
allow for acclimation of microorganisms—which can occur slowly—and can show
cumulative effects of toxic substances that may be in wastewater or accumulate as
biodegradation products. A limited number of standardized protocols are available
for continuous bench-scale reactor tests (Table 5.4).

Satisfactory results require precise control of the culture reactors throughout
the test program, as well as accurate and precise measurement of substrate concen-
tration, often at very low levels. Biological consistency also must be maintained
among reactors throughout the test program. If a problem occurs with a given
reactor (e.g., system upset or operating error), that reactor ideally should be oper-
ated until new equilibrium conditions are reestablished. If acclimation is required,
longer times must be permitted for equilibrium to be reached. This type of opera-
tion can be time-consuming, labor-intensive, and costly.
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TABLE5.4 Standardized bench-scale continuous reactor test protocols.

Test Type Objective

Bench-scale aerobic reactor tests: Bench-scale reactor tests are designed to
a. OECD Method 302 (1981); U.S. EPA, assess the rate and extent of
OPPTS Method 835.3210 (1998): ISO biodegradation of specific organic

9439 (1999) Semi-Continuous chemicals or the mixed constituents of
Activated Sludge (SCAS) Test. industrial wastes. The data are used for
b. OECD Method 303 (2001); U.S. EPA process selection; design of full-scale
Method 304 (1996): Assessing treatment facilities, or to assist in the
biodegradation and/or toxicity of operation of full-scale facilities; and to
specific chemicals or wastewaters. provide estimates of treatment efficiency,
c. US. EPA, CFR 40,k part 63, App. C waste biosolids production, and response
(1996). Determination of to inputs of industrial wastes. The BOX
biodegradable fraction (BOX test). test is specifically designed to determine
d. Custom-designed bench-scale reactor ~ biodegradability of volatile organic
tests (Young and Cowan, 2004). compounds.
Bench-scale anaerobic reactor tests: Same as for aerobic bench-scale reactors.
a. Anaerobic treatability (Young and
Cowan, 2004).

Data from bench-scale reactors typically are modeled as follows:

(1 + 0.2 K4 SRT)

Yo =Ys T 712K, SRT) (5:3)
and
S.= KA+ KSRT) | COD,q + SMP (5.4)
SRT (Yg gm — Ka) — 1
Where

Y, = net yield (g VSS/g COD removed),
Se = soluble COD remaining in each bench-scale reactor (mg/L),
CODyg = non-biodegradable soluble COD in reactor effluents (mg/L), and
SMP = soluble microbial products (mg/L).

Example yield data from continuous reactor tests are shown in Figure 5.2, where
three reactors were operated at 5-, 15-, and 30-day SRTs. Solids and soluble COD
were measured at steady-state conditions. In this case, there was a significant source
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FIGURE 5.2 Solids balance for wastewater containing significant amounts of non-bio-
logical volatile suspended solids (Young and Cowan, 2004; used with permission).
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retention time using eq 5.4 (Young and Cowan, 2004; used with permission).
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of non-biodegradable volatile solids, so the net VSS yield (Y, = 0.642 g VSS/g
COD;) was higher than anticipated for biomass growth alone (dashed line). The
resulting total sludge (TSS + VSS) yield (Y: = 1.1 g TSS/g COD;) was substantially
higher than the net VSS yield because the wastewater contained substantial amounts
of nonvolatile suspended solids.

Corresponding soluble COD balances using Eq. 5.4 are shown in Figure 5.3. In this
case, the associated g, and Ks were 1.5/d and 8 mg/L, respectively. The tests further
showed that the nonbiodegradable COD was 17 mg/L. The slight increase in soluble
COD at the 30-day SRT was caused by the production of soluble microbial products.

ANAEROBIC BIOASSAYS AND
TREATABILITY TESTING

Anaerobic bioassays require a slightly different approach than that used for aerobic
testing. A number of methods, test reactors, test procedures, and test combinations
can be used, and onsite pilot tests may be justified to verify the treatability indicated
by laboratory-scale tests. Standardized protocols for batch anaerobic tests are shown
in Table 5.1.

BATCH ANAEROBIC TREATABILITY TESTS. Batch anaerobic tests typi-
cally are called biochemical methane potential (BMP) and anaerobic toxicity assay
(ATA) tests. The objective of BMP tests is to determine the potential amount of
methane that can be produced per unit of COD added to the test reactor under non-
toxic conditions. About 0.37 L of methane is produced per gram of COD removed if
the wastewater constituents are 100% biodegradable and treatment occurs at 35° C.
Lesser amounts of methane indicate lower conversion efficiencies. Results of an
example BMP test are shown in Figure 5.4. These data represent the methane pro-
duced from three sequential doses of test wastewater to an anaerobic culture. The gas
production for each dose becomes constant as the biodegradable COD was
exhausted. The increase in methane production with each feed dose reflects the cul-
ture’s acclimation to the test constituents and would approach the methane produc-
tion for the control as the reactor matures.

The objective of ATA tests is to assess the toxicity of specific chemicals or waste-
water streams to acclimated anaerobic cultures. The reduction in the methane pro-
duction rate with an increasing dose reflects toxic effects. Test data are shown in
Figure 5.5 for a typical ATA test where various doses of an industrial disinfecting
agent were added to an acclimated culture that received acetate as a biodegradable
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substrate. In this case, a concentration of 120 mg/L of disinfecting agent caused a
50% decrease in the methane production rate.

CONTINUOUS ANAEROBIC REACTORS. Continuous anaerobic tests involve
adding wastewater or a test chemical to reactors that contain an active anaerobic cul-
ture on a continuous or semicontinuous basis. Methane production for each test reactor
is monitored using suitable flow-measuring devices. The cumulative methane produc-
tion for the control will plot as a straight line with a slope equal to the rate of daily
methane production (Figure 5.6) for tests with a chemical-production wastewater. In
this case, the feedstock included a control (acetic acid) plus three mixtures of control
and wastewater plus one reactor receiving 100% wastewater. All reactors were oper-
ated at a 20-day SRT and at an organic loading rate of 1 g COD/L-d. Methane produc-
tion initially was the same in all reactors. After about 10 days, the reactors receiving the
100% wastewater began to show a decline in methane production rate compared to the
control. Batch tests on the 27th day of operation verified the substantial inhibition of
methane production, with the 100% wastewater showing essentially no methane pro-
duction (data not shown).
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FIGURE 5.6 Cumulative methane production from anaerobic bench-scale test reac-
tors (Young and Cowan, 2004; used with permission).

METHANE PROD., mL @ 1 g COD/d

111



112

Industrial Wastewater Management, Treatment, and Disposal

PHYSICAL AND CHEMICAL TESTS

Options for physical and chemical treatability testing vary considerably but typically
include chemical precipitation followed by physical separation using clarification, fil-
ters, dissolved air flotation (DAF) or other means; ion exchange; electro-coagulation;
and carbon absorption. Treatability assessment protocols for physical and chemical
process combinations depend on the wastewater characterization and the treatment
objectives. Treatment for removing one constituent (e.g., chromium from plating
wastewaters) will require completely different approaches than removing dissolved
solids from wastewaters with a mix of mineral constituents. Chemical treatment typ-
ically requires use of an acceptable solids separation device [e.g., clarifier, filter,
membrane separator, centrifuge, dissolved air flotation (DAF)] and treatability tests
must incorporate suitable means for assessing the suitability of these processes.
Selecting a specific treatability protocol then requires carefully defined treatment
objectives, accurate characterization of the wastewater constituents, assessment of
the variability in composition and conditions (e.g., pH, temperature, and ORP).
Often, a process combination will be selected based on the designer’s experience, pre-
vious history of treatment of the subject wastewater, and economic analysis. Treata-
bility tests then are set up to verify the selected system’s performance. A list of conta-
minant classes and potential process options associated with physical and chemical
treatment is given in Table 5.5. Other combinations of contaminant and process
options can exist.

The basic approach to initial testing for chemical treatment is the jar test (ASTM,
2003b). Jar tests involve adding various amounts of test chemicals to a series of reac-
tions vessels, which then are mixed under controlled conditions. Coagulating chemi-
cals typically include iron or aluminum salts that neutralize anionic charges on cont-
aminant particles and form precipitates. Organic polymers typically are added to aid
flocculation. Test procedures are designed to simulate anticipated reactions in full-
scale physical and chemical processes. Test configurations can be as varied as the
number and types of processes being considered for the full-scale facility. Test para-
meters typically include chemical combination and dose, mixing intensity, and set-
tling time. After mixing intensely for a few seconds after adding chemicals, the
sample is mixed slowly to allow the chemical precipitates or wastewater solids to
flocculate. The solids are then removed by settling, filtering, or other means followed
by analyzing the clarified solution for residual contaminants and assessment of the
solids’ settling and/or filtering properties.
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TABLE5.5 Contaminant class and potential process options for physical/chemi-
cal treatment.

Contaminant class Potential treatment process options

Suspended solids removal ~ Chemical precipitation using iron or alum salts as
coagulants plus polymer as flocculation aid followed by
solids separation.

Sodium, potassium, Pretreatment by chemical precipitation and filtration
chloride, sulfate followed by ion exchange, reverse osmosis.

Calcium, magnesium, iron,  Ion exchange, chemical precipitation followed by

manganese coagulation and flocculation and solids separation.
Chromium, copper, zinc, Co-precipitation with iron or aluminum salts plus polymer
silver, mercury, lead, other  followed by settling, filtration, or membrane separation;
heavy metals also electrocoagulation using iron or aluminum electrodes.
Arsenic, selenium Co-precipitation with iron salts, absorption on iron-rich

solid medium or activated alumina.

The rate at which neutralized particles agglomerate is controlled by physics. The
amount of mixing or power input used in a flocculation process affects the manner in
which flocs are formed and the floc’s size and settling properties. Typically, mixing
in flocculation reactors is expressed in terms of the mean velocity gradient (Camp
and Stein, 1943; Weber, 1972), as follows:

G V—V (5.5)

Where
G = mean velocity gradient (sec™),
P = power input (N-m/s),
V = reactor volume (m?), and
v = absolute viscosity of the water (N-s/m?).

The product of G and hydraulic retention time (t) often is used to size rapid-mix
and flocculation basins. G values for conventional flocculation reactors typically are
limited to between 10 and 75 sec™ to prevent floc breakup (Amirtharajah and Tambo,
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TABLE 5.6 Typical steps used during chemical testing using jar tests.

1. Collect a sample that is representative of the wastewater being tested.

2. Measure physical/chemical parameters of interest in raw wastewater — TSS, VSS,
TCOD, sCOD, BODs, specific cations and anions of interest, pH, conductivity,
alkalinity, etc.

3. Adjust the pH of the test sample if needed to simulate operating conditions.

4. Add test chemicals singly or in various combinations ranging from zero (control) to
above maximum anticipated for full-scale operation.

5. Mix sample appropriately. A short rapid mix usually is used to allow chemical reactions
to occur usually at G = 1500 to 5000 sec™.

6. Mix samples slowly to allow flocculation of chemical precipitates or coagulated solids
usually at G = 10 to 75 sec™.

7. Settle or filter solids as appropriate to produce a simulated treated effluent (typically for
30 to 60 minutes).

8. Analyze the clarified supernatant in test jars for analytes of interest.

9. Measure the amount of sludge produced per unit of wastewater treated.

1991). Hydraulic retention times in conventional flocculation basins typically range
from 10 to 30 minutes, and G X f values range from 10% to 10°. However, as with
rapid mixers, the type of mixing device and basin geometry can affect the optimum
combination of energy input and retention time. So, jar test apparatus used for con-
ducting chemical treatability must allow control of mixing intensity, and, therefore,
velocity gradient and mixing time. The steps in typical jar test protocols are summa-
rized in Table 5.6.

Flocs formed in coagulation and flocculation processes typically are removed
from suspension by sedimentation. For most physical and chemical applications,
solids settleability is defined by settling rates (in kg TSS/m?-d) and the sludge zone’s
concentration is expressed as sludge volume index (SVI) in milliliters of sludge
volume per gram of settled solids after 30 to 60 minutes of settling. Other means for
removing solids from suspension can be used (e.g., centrifugation or filtration).

Example data from a test designed to remove various heavy metals from an
industrial wastewater are shown in Figure 5.7. Ferric chloride was used as a chemical
coagulant and an anionic polymer was used as a flocculent aid, solids were removed
by settling and filtration, and the filtrate was analyzed for residual metals. In this
case, the optimum Fe™ " dose was around 30 mg/L.
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FIGURE 5.7 Data from a typical jar test used to assess the appropriate chemical dose
needed to remove copper and cadmium from a wastewater via chemical precipitation
and filtration.

MEMBRANE FILTRATION. Membrane systems are used to separate solids in
membrane bioreactors (microfilters), to remove residual precipitates from chemically
treated wastewater (microfilters, ultrafilters), to remove colloidal solids (ultrafilters,
nanofilters), and to remove dissolved salts (nanofilters, reverse osmosis, electrodial-
ysis). Membrane process equipment can consist of hollow-fiber, flat sheet or plate, or
spiral-wound sheet devices. The possible combinations of pretreatment and mem-
brane type and module configuration are quite large, so it is impossible to cover all
treatability test options. Therefore, environmental engineers must first minimize the
number of options based on experience, proven history of membrane application for
treating similar wastewaters, and cost estimates. Treatability tests then include a
series of chemical pretreatments, sometimes incorporating solids separation by DAF,
settling or granular media filtration, followed by membranes. Most manufacturers of
membrane systems have treatability laboratories or suggested test protocols.

ACTIVATED CARBON ABSORPTION. Soluble organic materials in indus-
trial wastewaters can be removed from solution via absorption on granular or pow-
dered activated carbon (see Chapter 13). Batch absorption tests are used to determine
absorption isotherms (i.e., absorption capacity of a specific chemical or mixture of
chemicals on a specific carbon type) (Weber, 1972). Batch isotherm tests are con-
ducted somewhat the same as jar tests, in which various doses of substrate are added
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to vessels containing a known amount of GAC or PAC (Table 5.6). The vessels are
mixed for enough time for equilibrium to occur between bulk solution and the carbon.
The mass difference in substrate concentration after this contact time and the begin-
ning concentration represents absorbed material. The amount of substrate absorbed
per gram of GAC or PAC is plotted versus substrate concentration (Figure 5.8). Car-
bons producing the most absorption capacity typically are selected for use in the full-
scale process.

The relationship between the mass of adsorbate (the material being absorbed)
per unit of absorbent (the GAC or PAC) typically is expressed as follows:

gr = kg S" (Freundlich isotherm)
qu = ki S gm/(1 + S) (Langmuir isotherm)
kB S qm

(BET isotherm)

5= (Sg — S)[1 + (ks — 1) S/Sp]

Where
grLp = g substrate (S)/g GAC or PAC,
S = substrate concentration (mg/L in contact with GAC or PAC),
kg8, n = absorption coefficients,
gm = maximum absorption (g S/g GAC or PAC), and
S = mg/L substrate in solution when carbon is saturated.

ABSORPTION ISOTHERMS
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FIGURE 5.8 Illustration of three absorption characteristics of activated carbon.
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FIGURE 5.9 Illustration of breakthrough curves for granular activated carbon absorp-
tion columns.

Continuous absorption tests are used to assess the performance of GAC in situa-
tions designed to simulate the performance of carbon columns under anticipated
full-scale plant operating conditions. In this case, wastewater samples are fed to lab-
oratory-scale columns of GAC followed by monitoring of the effluent quality. The
pattern of effluent concentration over time indicates the time of operation and the
mass of contaminant absorbed per unit of carbon. Process variables include bed
depth, carbon source and grain size, contact time, and wastewater characteristics. An
illustration of effluent COD versus time for three GAC columns operated under dif-
ferent conditions is shown in Figure 5.9.

PILOT PLANT OPERATIONS. Pilot-scale testing often is desirable to confirm or
expand the information obtained in bench-scale testing. Pilot testing can be accom-
plished at laboratory or field scale. Both levels involve operating units continuously
using wastewater for which treatment is anticipated. Laboratory-scale pilot units range
from around 10 L to 1 m®. Wastewater samples typically are shipped to the test labora-
tory on a weekly or more-frequent schedule to cover a range of characteristics. One
advantage of laboratory-scale pilot plants is the flexibility of unit sizing and operation,
and changes can be made easily and quickly. The major disadvantage is that labora-
tory-scale reactors do not allow operation at full-scale operating conditions. The cost of
laboratory-scale pilot tests depends on the treatment options covered and the duration
of testing, but typically is about one-tenth the cost of field-scale pilot tests.
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Field-scale pilot plants range in size from around 1 to 100 m>. The major advan-
tages of field-scale piloting are that the process units can be operated under actual
wastewater flow and characteristic conditions, and field-scale units can simulate
better the actual design of a full-scale reactor. The value of field-scale piloting
depends on how well the pilot-scale reactor simulates functional parameters of the
anticipated full-scale reactor. For example, a key parameter for some full-scale
processes is upflow velocity. For true simulation, a pilot-scale reactor should have
upflow velocities in the same range as the full-scale system. Without reasonable
similitude between pilot and full-scale reactors, the value of a field-scale pilot test is
questionable. The cost of field-scale piloting depends on the size of the equipment
and duration of the testing program.

SAMPLE WITHDRAWAL, PROCESSING, AND STORAGE. Samples are
withdrawn from treatability test reactors for analysis to meet various test objectives.
These samples must be processed appropriately to prevent further changes in com-
position or loss of constituents because of volatilization or biodegradation (APHA,
2002). Specific steps involve sample transfer, preservation, and liquid-solids separa-
tion. Ideally, centrifugation should be used to remove the biomass from anaerobic
test reactors because the high vacuum used in filter apparatus can cause loss of
volatile organics. Preservative should be added before solids separation if more than
5 minutes will elapse before liquid-solids separation can be completed. The goal of
sample preservation is to stop biochemical reactions involving the compounds of
interest, including the base substrate, metabolic intermediates, and organic toxic
chemicals, if any are present.

Preservation techniques for biological samples typically involve adding an organic
or inorganic toxic substance, adding an acid to reduce the pH, or holding the sample at
reduced temperatures. Preserving agents must not mask or interfere with the measure-
ment of target constituents. For maximum effectiveness, the preserving agent must
stop the reactions immediately. However, each method has certain disadvantages.
Refrigeration is not effective as the sole preservation technique because biological reac-
tions continue until storage temperatures are reached and resume upon thawing.
Organic preservatives (e.g., formaldehyde or chloroform) are unacceptable because of
potential interference with organic chemical measurement and because their addition
can dilute the sample considerably. Acids cannot be used with samples containing bio-
logical solids because the reduced pH can shift the equilibrium of toxic organic chemi-
cals between solids and liquid and may cause hydrolysis of biological solids.
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The preservation method recommended for biological samples includes a combi-
nation of the above. Samples removed from test reactors are placed immediately into
vials containing 1 mL of 10 g/L AgSO, per 100 mL of solution or one to two drops
per 10-mL sample. This procedure provides an AgSO, concentration of about 100
mg/L. [Note: This AgSO, replaces the HgCl, recommended in older U.S. EPA (1986)
documents.] In most cases, the preserved samples should be centrifuged within 30
minutes of adding the preservative to remove suspended solids and inorganic pre-
cipitates. Subsamples of each centrate are then placed in smaller vials containing one
drop of concentrated sulfuric acid per 10 mL. These acidified samples may be stored
for up to 30 days at 4° C without loss of nonvolatile substrates, as long as the bottles
have not been opened or the septa have not been pierced. Samples containing highly
volatile organic compounds should be analyzed within 24 hours after collection.
Once the bottle is opened or the septum is pierced, volatile compounds are lost
rapidly (U.S. EPA, 1989).

Preservation methods for chemically treated samples are less severe than for
biological samples. Typically, acid or alkaline agents—depending on cation or
anion being preserved—are used before further precipitation or absorption. Spe-
cific cation or anions may require unique preservation techniques. Metallic cations
typically are preserved using ultra-pure nitric acid to pH < 1. Some chemicals (e.g.,
phthalates) require storage under alkaline conditions to prevent precipitation of the
acid salt.

SUMMARY

Treatability test options vary widely, and specific protocols must be carefully chosen to
meet test objectives. Typically, such tests should be conducted by trained professionals
who understand the relationships between biological or chemical reactions and process
technologies. Well-designed treatability tests provide valuable insight into the factors
affecting process performance. Treatability tests also are relatively inexpensive insur-
ance against oversights by applying conventional design approaches to wastewaters
with unknown or poorly defined characteristics (e.g., toxicity and unfavorable reaction
kinetics). Well-designed laboratory pilot tests often can preclude the need for costly
field-scale pilot tests. However, field-scale pilot tests provide more accurate design
parameters and demonstrate process performance under field conditions, and are ben-
eficial when the risks of failure are high.
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This chapter summarizes general characteristics and treatment approaches for indus-
trial wastewaters, and presents brief descriptions of each regulated point source cate-
gory. Wastewater characteristics and treatment approaches have been organized in
tables for ease of reference. Most of the information was obtained from U.S. Environ-
mental Protection Agency (U.S. EPA) technical development documents prepared to
support the effluent limitations for related point-source categories. Treatment
options and wastewater flow for about 21 point-source categories were supple-
mented with information presented in the U.S. EPA’s Technical Support Document for
the 2004 Effluent Guidelines Program Plan (U.S. EPA, 2004). Other references used for
point-source categories for which the development documents were not available
online are listed under the “Suggested Readings” section.

The information in this chapter can serve as a reference for potential pollutants
of interest and treatment approaches, but before selecting wastewater management
procedures, each facility should properly characterize its wastewater (Chapter 4),
perform the appropriate treatability and pilot testing (Chapter 5), and evaluate the
cost-effectiveness of various wastewater management approaches (e.g., water use
minimization, pollution prevention, recycling, reuse, and treatment and discharge)
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as described in this chapter and Chapter 7. The variations between facilities resulting
from site-specific conditions (e.g., climate, receiving-water type and conditions, types
of products, manufacturing capacity, or need to reuse water) can be significant, and
should be carefully considered. Specific descriptions of treatment systems are pro-
vided in Chapters 8 through 13.

WASTEWATER CHARACTERISTICS

As of March 31, 2007, the U.S. Environmental Protection Agency had promulgated
effluent limits for 56 point source categories (see Table 2.6 in Chapter 2). Table 6.1
lists the regulated constituents for these point source categories (based on a review
of 40 CFR 405-471), but they may not be the only pollutants found in the point
sources’ wastewaters. Sometimes the U.S. EPA only regulates several indicator pol-
lutants because their removal ensures that related pollutants also have been treated
appropriately. For example, 5-day biochemical oxygen demand (BODs) and volatile
organic compounds (VOCs) are not regulated in the iron and steel category because
the biological treatment process required to remove benzo(a)pyrene also reduces
BOD:s to acceptable levels, and the distillation process required to remove ammonia
also removes VOCs.
When reviewing Table 6.1, also keep in mind that:

* Not all pollutants may apply to all of the subcategories in a point source cate-
&ory,

¢ Some effluent pollutant limitations only apply if the facility discharges to a
publicly owned treatment works (POTW),

* Not all pollutants of concern may be listed for subcategories in which “no dis-
charge” is the promulgated effluent limitation, and

* Not all of the “no discharge” effluent limitations are listed.

When characterizing wastewaters for a specific facility, wastewater professionals
should be aware that some pollutants must be analyzed via a specific method. For
example, pollutants in pharmaceutical wastewaters must be analyzed via Methods
1666, 1667, and 1671, which were specifically developed for this type of wastewater.
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TABLE 6.1 Pollutants regulated in wastewaters from point-source categories.

40 CFR
Point source category Part Number Pollutant regulated>
Aluminum Forming 467 0&G, pH, TSS; Al CN, Cr, Zn ; TTO (sum of 39 toxic
organic compounds listed at 40 CFR 467.02[q])
Asbestos Manufacturing 427 pH, TSS; COD
Battery Manufacturing 461 0&G, pH, TSS; Ag, Cd, CN, Co, Cr, Cu, Fe, Hg, Mn, Nj,
Pb, Zn; COD
Canned and Preserved 407 BOD5, O&G, pH, TSS
Fruits and Vegetables
Processing

Canned and Preserved 408 BOD5, O&G, pH, TSS
Seafood Processing

Carbon Black Manufacturing 458 0&G, pH, TSS; TDS

Cement Manufacturing 411 pH, T, TSS

Centralized Waste Treatment 437 BODS5, O&G, pH, TSS; Ag, As, Ba, Cd, CN, Co, Cr, Cu, Hg,
Mo, Ni, Pb, Sb, Se, Sn, Ti, V, Zn; acetone, acetophenone,
aniline, 2-butanone, butylbenzyl phthalate, carbazole,
o-cresol, p-cresol, n-decane, 2,3-dichloroaniline, bis(2-ethyl-
hexyl) phthalate, fluoranthene, n-octadecane, phenol, pyri-
dine, 2,4,6-trichlorophenol

Coal Mining 434 pH, TSS; acidity, alkalinity, Fe, Mn, settleable solids

Coil Coating 465 O&G (petroleum based), pH, TSS; Al, CN, Cr, Cu, Fe, fluo-
ride, Mn, phosphorus, Zn; TTO [sum of butyl benzyl
phthalate, di-n-butyl phthalate, bis(2-chloroethyl)ether,
chloroform, 1,1-dichloroethane, 1,1-dichloroethylene, bis(2-
ethylhexyl)phthalate, methylene chloride, pentachlorophe-
nol, phenanthrene, 1,1,2,2-tetrachloroethane,
tetrachlorethylene, toluene, 1,1,1-trichloroethane]

Concentrated Animal 412 BODs, fecal coliforms (nitrogen and phosphorus regulated

Feeding Operations via requirements for land application of manure)

Concentrated Aquatic 451 None. Instead, best management practices and monitoring

Animal Production’ are required to control discharge of pollutants.

Copper Forming 468 0&G, pH, TSS; Cr, Cu, Ni, Pb, Zn; TTO (sum of
anthracene, benzene, chloroform, 2,6-dinitrotoluene,
ethylbenzene, methylene chloride, naphthalene,
n-nitrosodiphenylamine, phenanthrene, toluene,
1,1,1-trichloroethane, trichloroethylene)

Dairy Products Processing 405 BODs, pH, TSS

(continued on next page)
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TABLE 6.1 (Continued)

40 CFR
Point-source category Part Number Pollutant regulated’>
Electrical and Electronic 469 pH, TSS; As, Cd, Cr, fluoride, Pb, Sb, Zn; TTO (sum of
Components limited lists of organic priority pollutants specified at
40 CFR 469.12,469.22, and 469.31)

Electroplating 413 pH, TSS; Ag, Cd, CN, CN(A), Cr, Cu, Ni, Pb, Zn, total met-
als (sum of Cr, Cr, Ni, and Zn); TTO (sum of all 111 organic
priority pollutants)

Explosives Manufacturing 457 BODs, O&G, pH, TSS; COD

Ferroalloy Manufacturing 424 pH, TSS; CN, Cr, Cr(VI), Mn, NH3; phenols

Fertilizer Manufacturing 418 BODs, pH, TSS; fluoride, NH3, NOj, organic nitrogen, total
phosphorus

Glass Manufacturing 426 BOD?5, oil (animal and vegetable), oil (mineral), pH, TSS;
fluoride, NHj3, Pb, phosphorus; COD, phenol

Grain Mills 406 BODs, pH, TSS

Gum and Wood Chemicals 454 BODs, pH, TSS

Manufacturing

Hospital 460 BODs, pH, TSS

Ink Formulating 447 No discharge, specific pollutants not provided.

Inorganic Chemicals 415 0&G, pH, TSS; As, Ag, Ba, Cd, CN, CN(A), Co, Cr, Cr(VI),

Manufacturing Cu, Fe, fluoride, Hg, NHj, Ni, Pb, Sb, Se, sulfide, total
residual chlorine, Zn; COD, TOC

Iron and Steel Manufacturing 420 0&G, pH, TSS; CN, Cr, Cr(VI), NH3, Ni, Pb, total residual
chlorine, Zn; benzo(a)pyrene, naphthalene, phenols, tetra-
chloroethylene, TCDF

Landfills 445 BODs, pH, TSS; As, Cr, NHj, Zn; a-terpineol, aniline, ben-
zoic acid, naphthalene, p-cresol, phenol, pyridine

Leather Tanning and Finishing 425 BODs, O&G, pH, TSS; Cr, sulfide

Meat and Poultry Products? 432 BODs, O&G, fecal coliforms, TSS; NHj, total nitrogen

Metal Finishing 433 O&G, pH, TSS; Cd, CN, CN(A), Cr, Cu, Pb, Ni, Ag, Zn;
TTO (sum of all 111 organic priority pollutants)

Metal Molding and Casting 464 0&G, pH, TSS; Cu, Pb, Zn; total phenols, TTOs (sum of
limited lists of organic priority pollutants specified at 40
CFR 464.11, 464.21, and 464.31)

Metal Products and Machinery 438 O&G, pH, TSS

Mineral Mining and Processing 436 pH, TSS; Fe, total fluoride

Nonferrous Metals Forming and 471 O&G, pH, TSS; Ag, Cd, CN, Cr, Cu, fluoride, Mo, NH;, Ni,

Metal Powders

Pb, Sb, Zn; n-nitrosodimethylamine, n-nitrosodipheny-
lamine, n-nitrosodi-n-propylamine
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Point source category

40 CFR
Part Number

Pollutant regulated™>

Nonferrous Metals Manufacturing 421

QOil and Gas Extraction

Ore Mining and Dressing

Organic Chemicals, Plastics,
and Synthetic Fibers

Paint Formulating

Paving and Roofing Materials
(Tars and Asphalt)

Pesticide Chemicals

Petroleum Refining

Pharmaceutical Manufacturing

Phosphate Manufacturing
Photographic
Plastics Molding and Forming

Porcelain Enameling

435

440

414

446

443

455

419

439

422
459
463
466

O&G, pH, TSS; Ag, Al, As, Au, Be, Cd, CN, Co, Cr, Cu, Fe,
fluoride, Hg, In, Mo, NH3, Ni, Pd, Pb, Pt, Sb, Se, Sn, Ta, Ti,
W, Zn, combined metals (sum of Au, Pd, and Pt); COD,
total phenolics, benzo(a)pyrene, hexachlorobenzene

0&G; Cd, Hg, total residual chlorine; base fluid retained
on cuttings, base fluid sediment toxicity (10-day LC50
ratio), biodegradation rate, diesel oil, drilling fluid sedi-
ment toxicity (4-day LC50 ratio), floating solids, foam
(domestic waste), formation oil, free oil, garbage, PAHs,
SPP toxicity (96-hr LC50)

pH, TSS; As, Al, Cd, Cu, Fe (total and dissolved), Hg, NHj,
Ni, Pb, Ra226 (total and dissolved), settleable solids, U, Zn;
COD

BODs, pH, TSS; CN, Cr, Cu, Ni, Pb, Zn; and organic pollu-
tants listed at 40 CFR 414.91, 414.101, or 414.111

Cr, Cu, Hg, Ni, Pb, Zn; benzene, di-n-butyl phthalate, car-
bon tetrachloride, ethyl benzene, di(2-ethylhexyl) phtha-
late, naphthalene, tetrachloroethylene, toluene

BODs, O&G, pH, TSS

BODs, pH, TSS; CN, Pb; COD, 49 organic pesticide chemi-
cals listed in 455.20(d), 93 pesticide active ingredients in
Tables 2 and/or 3 of 40 CFR 455, 26 organic priority pollu-
tants listed in Tables 4, 5, and 6 of 40 CFR 455

BODs, O&G, pH, TSS; Cr, Cr(VI), NHj3, sulfide; COD, phe-
nolic compounds, TOC

BODs, pH, TSS; CN, NHj; COD; acetone, acetonitrile,
n-amyl acetate, amyl alcohol, benzene, n-butyl acetate,
chlorobenzene, chloroform, o-dichlorobenzene, 1,2-
dichloroethane, diethyl amine, dimethyl sulfoxide, ethanol,
ethyl acetate, n-heptane, n-hexane, isobutyraldehyde, iso-
propanol, isopropyl acetate, isopropyl ether, methanol,
methyl cellosolve, methyl formate, methyl-2-pentanone,
methylene chloride, phenol, tetrahydrofuran, toluene, tri-
ethyl amine, xylenes

pH, TSS; total phosphorus, fluoride

pH, Ag,CN

BODs, O&G, pH, TSS

0&G, pH, TSS; Al, Cr, Fe, Ni, Pb, Zn

(continued on next page)
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TABLE 6.1 (Continued)

40 CFR

Point source category Part Number Pollutant regulated™?>

Pulp, Paper, and Paperboard 430 BODs, pH, TSS; settleable solids, Zn; AOX, COD, TCDD,
TCDF, chloroform, pentachlorophenol, tetrachlorocatechol,
tetrachloroguaiacol, 2,3,4,6-tetrachlorophenol, 3,4,5-
trichlorocatechol, 3,4,6-trichlorocatechol, 3,4,5-
trichloroguaiacol, 3,4,6-trichloroguaiacol,
4,5,6-trichloroguaiacol, trichlorosyringol, 2,4,5-
trichlorophenol, 2,4,6-trichlorophenol

Rubber Manufacturing 428 BODs, O&G, pH, TSS; Cr, Pb, Zn; COD

Soap and Detergent 417 BODs, O&G, pH, TSS; COD, surfactants

Manufacturing

Steam Electric Power Generating =~ 423 O&G, pH, TSS; Cu, Fe, free available chlorine, and total
residual chlorine; and the 126 priority pollutants (of which
only Cr and Zn have numerical limits; the rest are required
to be nondetect)

Sugar Processing 409 BODs, pH, temperature, TSS

Textile Mills 410 BODs, pH, TSS; Cr, sulfide; COD, phenols

Timber Products Processing 429 BODs, O&G, pH, TSS; As, Cr, Cu, settleable solids; COD,
phenols

Transportation Equipment 442 BODs, O&G, pH, TSS; Cd, Cr, Cu, Hg, Ni, Pb, Zn;

Cleaning non-polar material, fluoranthene, phenanthrene

Waste Combustors 444 pH, TSS; Ag, As, Cd, Cr, Cu, Hg, Pb, Ti, Zn

Key:

Ag  =Silver Mn  =Manganese TOC = Total organic carbon

Al = Aluminum Mo = Molybdenum TSS = Total suspended solids

AOX = Adsorbable organic halides NH3 = Ammonia TTO = Total toxic organics (check

As = Arsenic NO; = Nitrate specific lists in 40 CFR 405

Au =Gold Ni = Nickel to 471)

Be = Beryllium O&G = QOil and grease 18) = Uranium

BODs = Five-day biochemical oxygen PAH = Polynuclear aromatic v = Vanadium

demand hydrocarbons Zn  =Zinc
BPT = Best practicable control Pb  =Lead w = Tungsten
technology currently available Pd  =Palladium

Cd =Cadmium Pt = Platinum Source:

CN = Total cyanide Ra226 = Radium 226 Title 40 of the Code of Federal Regulations,

CN(A)= Cyanide amenable to chlorination =~ Sb = Antimony Parts 405 to 471, as of March 31, 2007.

Co  =Cobalt Se = Selenium Not

B . T otes:
cOD B Chemical oygen demand Sn B Iin . ! Pollutants are listed in the following
Cr = Total chromium SPP = Suspended particulate phase . - -
. order: conventional, inorganic, and
Cr(VI) = Hexavalent chromium T = Temperature . 1
Cu = CO er Ta = Tantalum 2 orgamc pO utants.
PP X In some cases, the pollutants shown are

Fe =Iron TCDD = 2,3,'7,8—.Tetrachlorodlbenzo— the BPT pollutants, and the higher-tier

Hg  =Mercury p-dioxin . limitations require no discharge of

In =Indium TCDF = 2,3,7,8-Tetrachlorodibenzofuran wastewaters. The appropriate regulation

LC50 = Concentration lethal to 50% of TDS = Total dissolved solids for the point source should be consulted.

tested organisms Ti = Titanium
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Tables 6.2 through 6.6 list ranges of minimum, maximum, and mean concentra-
tions of various pollutants for several industries, as follows:

e Table 6.2: Conventional and classic nonconventional pollutants,

Table 6.3: Toxic VOCs,

Table 6.4: Toxic semivolatile organic compounds (SVOCs),

Table 6.5: Toxic inorganic pollutants, and

Table 6.6: Other pollutants.

Conventional pollutants include BOD:s (actually listed as “biochemical oxygen
demanding” in the Clean Water Act, but, as BODs in the effluent discharge regula-
tions), total suspended solids (TSS); oil and grease (O&G); and pH. “Classic” noncon-
ventional pollutants include chemical oxygen demand (COD), total organic carbon
(TOC), total Kjeldahl nitrogen (TKN), and phosphorus. The word toxic refers to the
list of 126 priority pollutants included in 40 CFR 401.15, as updated in Appendix A of
40 CFR 423 (see Table 2.1). Although some of the pollutants in Table 6.6 are not pri-
ority pollutants, they and others not listed may be regulated for a particular point
source category if the U.S. EPA or local regulator determines that they can be prob-
lematic in the receiving waters.

The concentrations detected at each facility can vary widely. Each facility has its
own set of raw materials, process equipment, types of processes, products, produc-
tion schedule, water recycling and conservation measures, wastewater segregation
and at-the-source treatment practices, and even intake water type, which collectively
determine the type and concentration of pollutants in raw wastewater. So, it is
important to properly characterize the wastewater at a particular facility before
designing or improving its wastewater treatment system (see Chapter 4).
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TABLE 6.2 Typical ranges of mean concentrations of conventional and several classic nonconventional pollu-

tants in wastewaters from selected point source Categories.1

Point source category BODs TSS 0&G COD TOC TKN P
Battery? 210 14
Carbon Black 38-1 800
Coil Coating 84-180 52-340 5.5-43
Food Processing
Beverages 1.000-10 000 ND-200 50-100 50-150
Dairies 1000-2 500 10002 000 300-1 000 50-100
Fruit and Vegetable Processing 300-1 000 200-800
Grain Processing 225-4 450 81-3 500 473-4900 0.5-98
Meat Processing
First Processing 2200-7 200 1200-3 300 150-670 230-310 35-72
Further Processing 1 500-5 000 360-2 400 160-1 800 24-72 44-82
Poultry Processing
First Processing 1 600-2 200 760-980 160-670 54-90 12-21
Further Processing 3300 1660 790 80 72
Rendering 2000 3200 1600 180 38
Electrical and Electronic Components 5-7.4 185-1 440 3-7
Electroplating® 0.1-10 000 0.02-140
Explosives ND-1 300 60-520 50-7 200 2-980 3-490
Iron and Steel Manufacturing® 31-5 000 13-4 100 72-9 900 838
Landfills® 1-7 600 4-16 500 5-65 35-16 700 2-4 800 0.01-23
Leather Tanning and Finishing 400-5 900 710-8 600 86-1 600 1800-13 600 ND-2900 46-890
Metal Finishing
Metal Cutting and Forming 3 0004 000 2000-3 000 10 000-20 000 20 000-30 000 7 500-10 000 100-200
Metal Plating 100-500
Printed Wire Board 100-500
Metal Products and Machinery® 2000 1000 2300 11 300 3400 600 170
Nonferrous Metals® 4.6-4 390
Organic Chemicals, Plastics, 7-2 500 15-6 100 Present 270-31 000 68-5 600
and Synthetic Fibers®
Organic Chemicals, Plastics, 7-2 500 15-6 100 Present 270-31 000 68-5 600
and Synthetic Fibers®
Paint Formulating® 280-65 500 280-148 000 42-3400  1200-350 000 1500-46 000
Paving and Roofing Materials 8-12 11-13 900 ND-50

(Tars and Asphalt)

vel
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Pharmaceutical 220-4 500 16-1 400 718-10 000

Porcelain Enameling 110-32 500 ND-96 0.08-9.3
Pulp and Paper 0-12 000
Rubber Processing®

Tire & Inner Tube 0.2-30 8-1100 0.8-96 0.01-300

Synthetic Rubber 9-420 15-770 1-200 50-2 800
Textile

Cotton 200-1 000 200-2 000

Wool 150-300 150-300 300-500
Timber Products 56—4 000 400-1 100 300 2 600-19 300 0.17-4 0.3-3
Waste Combustors® 1-10 000 1-420 13-19 000 1.7-4 500 0.01-1 200
Key:

BODs = Five-day biochemical oxygen demand
COD = Chemical oxygen demand

O&G = Oil and grease

ND = Not detected

P = Total phosphorus

TKN = Total Kjeldahl nitrogen

TOC = Total organic carbon

TSS = Total suspended solids

Notes:

! Concentrations in mg/L, values are rounded. Range of mean concentrations for different subcategories or for the entire point source cate-
gory. From U.S. EPA’s effluent limitations development document for each point source category and personal database compiled by Ter-
rence Driscoll.

2 Average concentrations for the lead subcategory.

3Range of detected concentrations.

4Range of mean concentrations for all subcategories except the by-product recovery segment of the cokemaking subcategory. TKN value is
for the ironmaking subcategory.

®Mean concentrations.

Based on raw waste loads.
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TABLE 6.3 Typical range of mean concentrations of toxic volatile organic pollutants in
wastewaters from selected point source categories.’

Metal products
Pollutant Coil coating? Landfills® and machinery* OCPSF
Acrolein 0.31 2.5-35
Acrylonitrile 0.29-890
Benzene ND-0.23 0.01-714
Bromoform 0.02-0.07
Carbon tetrachloride 0.02-44
Chlorobenzene 0.28 0.01-50
Chlorodibromomethane
Chloroethane 4.2 0.06-1
Chloroform ND-0.015 0.05 0.01-5.3
Chloromethane 0.05-0.13
1,2-Dichlorobenzene 0.01-23
1,3-Dichlorobenzene 0.01-4.6
1,4-Dichlorobenzene 0.01-0.07
Dichlorobromomethane
1,1-Dichloroethane ND-0.02 5 ND-0.25 0.09 0.01-0.64
1,2-Dichloroethane 0.01-1 270
1,1-Dichloroethylene ND-0.09 0.42 0.23-18
1,2-trans-Dichloroethylene 0.009 ND-6.2 0.01-0.52
1,2-Dichloropropane 0.03-11
1,3-Dichloropropylene 0.02-4.9
Ethyl benzene ND-1.1 0.17 0.02-80
Hexachlorobenzene 0.01-0.92
Hexachlorobutadiene 0.08-9.1
Hexachloroethane 0.04-3.4
Methylene chloride ND-0.02 ND-19 04 0.01-13
1,1,2,2-Tetrachloroethane ND-0.06 0.03-0.19
Tetrachloroethylene ND-0.02 5 0.21 0.01-32
Toluene ND-0.14 0.03-2.5 0.23 0.01-160
Tribromomethane
1,2,4-Trichlorobenzene 0.02-1.9
1,1,1-Trichloroethane ND-0.56 0.33 0.01-7.2
1,1,2-Trichloroethane 0.01-1.2
Trichloroethylene ND-27 0.09 0.01-0.48
Vinyl chloride ND-14
Key:
OCPSF = Organic Chemicals, Plastics, and Synthetic Fibers
Notes:

I Concentrations in mg/L, values are rounded. Range of mean concentrations for different subcategories or for the
entire point source category. From U.S. EPA’s effluent limitations development document for each point source cate-
gory.

2Range of median concentrations.

®Range of detected concentrations, for the pulp and paper category, only compounds detected in more than two mills
are shown.

*Mean concentrations.

®Found in treated effluent samples from the canmaking subcategory.
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TABLE 6.3 (Continued)

137

Paint Pulp and Transportation
Pollutant formulating Pesticide Pharmaceutical paper® equipment
Acrolein ND-5.6
Acrylonitrile ND-41
Benzene 0.02-9.9 ND-31 0.01-0.3 ND-11
Bromoform
Carbon tetrachloride ND-30 0.0005-44.3
Chlorobenzene ND-5.5 0.04-0.11 ND-0.02
Chlorodibromomethane ND-39
Chloroethane
Chloroform 0.02-0.9 ND-110 1.1-1 200 ND-57 ND-0.09
Chloromethane ND-0.11 2.9-10 ND-30
1,2-Dichlorobenzene 0.07-14 ND-9.4
1,3-Dichlorobenzene
1,4-Dichlorobenzene 0.08-0.55
Dichlorobromomethane 0.03 ND-29
1,1-Dichloroethane ND-0.01 ND-2.9 ND-0.01
1,2-Dichloroethane ND-0.42 ND-3 260 2.7-13 ND-0.45
1,1-Dichloroethylene ND-0.62 ND-813 ND-0.01
1,2-trans-Dichloroethylene ND-0.26 0.016-0.018
1,2-Dichloropropane ND-0.97 ND-1.2 ND-0.01
1,3-Dichloropropylene 0.1 ND-11
Ethyl benzene 0.08-113 ND-9.6 ND-4.5
Hexachlorobenzene 0.09 ND-0.07
Hexachlorobutadiene
Hexachloroethane 0.03-5.3 ND-0.07
Methylene chloride ND-210 ND-11 300 1.9-11 500 ND-9.2 ND-12
1,1,2,2-Tetrachloroethane ND-0.03
Tetrachloroethylene ND-4.9 ND-403 ND-1.1
Toluene 0.07-260 ND-400 0.13-46 700 ND-13
Tribromomethane ND-43 ND-0.01
1,2,4-Trichlorobenzene ND-4.5 ND-0.08
1,1,1-Trichloroethane ND-0.93 ND-15 500 ND-0.71
1,1,2-Trichloroethane ND-2.8
Trichloroethylene ND-0.25 ND-0.04 ND-0.02 ND-0.03
Vinyl chloride ND-0.01
Key:

OCPSEF = Organic Chemicals, Plastics, and Synthetic Fibers

Notes:

! Concentrations in mg/L, values are rounded. Range of mean concentrations for different subcategories or for the
entire point source category. From U.S. EPA’s effluent limitations development document for each point source cate-

gory

2Range of median concentrations.
3 Range of detected concentrations, for the pulp and paper category, only compounds detected in more than two mills

are shown.
4Mean concentrations.

5 Found in treated effluent samples from the canmaking subcategory.



TABLE 6.4 Typical range of mean concentrations of toxic semivolatile organic pollutants in wastewaters from

selected point source categories.’

Metals products Paint Transportation
Pollutant Leather  and machinery> OCPSF formulating Pesticide® equipment cleaning
Acenaphthene ND-0.03 0.33 0.01-7 ND-0.66
Acenaphthylene ND-0.02 0.01-19 ND-0.61
Anthracene 0.12 0.02-2.9 ND -0.39
Benzidine ND-0.03
Benzo(a)anthracene 0.01-2.4 ND-0.02
Benzo(a)pyrene 0.01-0.43
Benzo(b)fluoranthene 0.01-0.37
Benzo(ghi)perylene 0.02
Benzo(k)fluoranthene 0.01-0.35
Butyl benzyl phthalate 1.1 ND-1.8 ND-2.1
di-n-Butyl phthalate ND-0.01 0.35 0.02-5.9 ND-69 ND-0.45
bis(2-Chloroethyl) ether 0.03-1.7
bis(2-Chloroisopropyl) ether 0.19-20 32 N