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I. Introduction

A. Purpose of this Manual

The purpose of this manual 1s to assist applicants,
States, and EPA Reglons in developing section 301(g) variance
requests and reviewing completed section 301(g) requests. This
manual outlines the roles for each of the parties involved 1in
the variance process and identifies techniques and methods of
use in the section 301(g) process. If any of the methodologies
or conditions recommended 1in this manual seem inappropri:ate to
an applicant's situation, the applicant may use alternative
methods but must first get approval from EPA (the Director of
OWRS and Regional Administrator have separate responsibilities)
during the early consultation sujgoested 1n the rejulations addressing

40 CFR Part 125, Subpart F.*

B. Statutory Background

The Clean Water Act reguires achievement of best available
technology economically achievable {BAT) effluent limitations
for all nonconventional pollutants by July 1, 1984 or not more
than three years after EPA establishes the limitations, up to

July 1, 1987, whichever is later. Section 301(b)(2)(F).

Section 301(g) of the Clean Water Act (P.L. 95-217) establishes
a mechanism whereby a discharger may obtain a modification of the
requirements of section 301(b)(2)(F). The discharger can be
granted a section 301(g) variance by showing that the modified
requirements will meet certain environmental criteria. These
* The regulation referred to is the proposed regulation which
appeared at 49 FR 31462, (8-7-84). If changes are made when

the regulation is promulgated, this manual will be modified
accordingly.
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criteria were specified in the 1977 amendments to the Clean water

Act:
O the variance 1s not available for pollutants designated
as toxic, conventional, or as a thermal component of a

o the new limitation will not be less than required by

best practicable control technology currently available (BPT),
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0 the modification will not result in any additional reguirements

on any other pcint or nonpoint source,

o) the mod:f1catinn will not interfere with water quality
which assures protection of public drinking water sugpplies
and the protection and prnpagation of a balanced population
ot fish, shellfish, and wildlife, and allows recreational

activities in and on the water,

o the modification will not result in a discharge of pollutants
in quantities which may reasocnably be anticipated to pose an
unacceptable risk to human health or the environment due to
acute toxicity, chronic toxicity (including carcinogenicity,
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lines where warranted. Congress determined that it was possible

that the BAT requirements might result in the application of
excessive controls to certain kinds of pollutants. Where sufficient
information could be generated on these pollutants to make a

judgment concerning their effects on receiving water, appropriate
relief from unnecessarily stringent limitations should be provided.
Congress envisioned that the Administrator would develop a pollutant-
specific waiver without affecting necessary BAT limitations on

the remainder of the pollutants in the discharge. The enactment

of section 301(g) was the result of an effort to eliminate "trecatment

for treatment's sake" for nonconventional pollutants.

The legislative history also contains Congress's recognition
of the delays encountered with section 316(a) thermal variances
and its expectation that the section 301(g) process be as expedi-

tious as possible.
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To make the variance process as efficient and expeditious
as possible, EPA recommends relying primarily upon State water
quality standards or EPA section 304(a) water quality criteria,

together with the methodologies for developing the criteria.
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cases where State standards do not individually address a
nonconventional pollutant, EPA recommends that a specific

criterion number be identified or developed for the pollutant or

pollutant parameter in question and that number be met at the



(See Figure 1)

edge of the State mixing zone.
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the criteria or applicable
Compliance with water

all other statutory factors

Therefore,
Essentially the variance hinges on

withh a strong basils for concluding that aquatic
however,

criteria.
water quality criteria for nonconventional pollutants,

etc.

Additionally,

y standards or criteria at the edge of the mixing zone

e and human health will be protected from acute and chronic

£

the applicant's ability to meet State standards or EPA (or other

water quality standards should be the usual basis of 30l(qg)

relevant 304(a)
site-specific)
gualit
toxicity.
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will have to be addressed on a case-by-case basis such as synergism,

at the edge of an autiiorized mixing zone.
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7. Ensure no impact on human health.

1
8. Demonstrate no synergism/persistency causing adverse impact.

completed request which adequately addresses each of the statutory
factors. The applicant will be responsible for conducting all
tests and making all demonstrations of compliance with the section

301(g) reguirements. The burden of proof (s on the applicant.

The applicant should work as closely as possible with the
State and Regicnal permitting authority in order to determine an
acceptatle plan for developing a completed request. The applicant
is encourajged to conduct an early consultation with the State
and Reglon to outline the studies and data that will be contained
in its completed request. This will help to avoid denial of an
appitication based on incompleteness or misinterpretation of the

section 301(3) reguirements.

Appendix G 1s a 301(g) checklist which is designed to help
the aprlicant file an adequate, completed request. The checklist
includes all the topics and informational needs which must be
addressed by an applicant in order to be considered for a section
301(g) variance. Failure to address these topics adequately

will most likely lead to a denial.

O State concurrence reguired.
© State water quality standards must be met.
0 State mixing zones must be used.
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0 State Agency responsible for wasteload allocations {other

point sources) must make determination about impact of PMEL

on other sources.

Section 301(g) authorizes the EPA Administrator to approve
section 30l1(g) variance requests. The Administrator has delegated
the final approval authority to the Director of the Office of Water
Enforcement and Permits, formerly referred to as the Deputy
Assistant Administrator; see 40 CFR 124.62(d). A strong State
role in the section 301(g) variance process is nonetheless assured
because the statute requires that no modified effluent limitation
may be granted unless the State concurs. If a State waives its
right to approve or deny the variance, the request will be denied.

40 CFR 124.62 specifies the way in which the State is involved

in a section 301{(g) determination.

The State Director of an NPDES-approved State may deny or
forward to the Regional! Administrator with a written concurrence,
or submit to the EPA Regional Administrator without recommendation,
a completed request for a section 301(g) variance (40 CFR 124.62(hb)).
In non-NPDES States, the State Director may provide certification
of a permit containing a section 301(q) variance and such certi-
fication of the permit shall constitute the State's concurrence
in the variance. Thus, States may exercise a veto over a proposed

modified effluent limitation.

Applicants must meet relevant State water quality standards.
If a mixing zone or zone of initial dilution (in marine waters)
is defined in the State water quality standards, it will be used
in the section 301(g) analysis when comparing concentrations of
the discharged nonconventional pollutant to the water quality

standard or water quality criteria, (whichever is more appropriate).



at the point of discharge (end of pipe).

In addition to the above responsibilities, the section
301(g) regulation reguirces a State to determine whether the
applicant’'s modified effluent will result in any additional
requirements on other point or nonpoint sources. The State must
determine whether there are any wasteload allocation/total maximurm
daily load requirements for the nonconventional pollutant in the
area of the discharge and whether the applicant's discharge will

prevent compliance with these requirements.

F. EPA Regional Role

Section 301(g) requires the Regional Administrator to deny
or approve each 301(g) variance request which is forwarded to the
Region by the State. Approved requests will be forwarded to EPA
Headquarters for final approval or denial. The Regional Administrator
will also be responsible for approving or denying the use of
substitute (local) test species in site-specific criteria development.
It is recommended that the Regiocnal Administrator consult the
State permitting authority before making a decision on a species

substitution. It is anticipated that Region and State represen-

tatives will work closely together on making a section 301(q)



varliance decision.

G. Early Consultation
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PA recommends that all applicants hold an early consultat
with Federal and State permitting authorities. The applicant can
discuss the tentative plan for developing the contents of its
completed request either in person, by phone, or correspondence.
The early consultation will allow EPA, the State and the applicant
to determine what is required to prepare a section 301(g) complete:d
reguest. The early consultation should help the applicant avoid

unnecessary or inadequate testing and could lead to a redirection

of the applicant's proposed study.

During the early consultation, the applicant should discuss a
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in determining whether the applicant's plan of study 1is adequate.

Farly consultation is particularly recommended if: (1) the
proposed modified effluent limitation is for a pollutant or pollutant
parameter for which the State has not adopted a numerical standard
and the applicant does not plan to use a published EPA numerical
criterion or none is available; (2) the proposed modified effluent
limitation is for a pollutant or pollutant parameter which is
suspected of being a carcinogen (Applicants may determine whether
the nonconventional pollutant has been evaluated by the Carcinogen

Assessment Group (CAG) of EPA, and whether it is suspected of
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being a carcinogen, by calling CAG at (202) 382-7315); (3) the
applicant has reason to believe that the pollutant or pollutant
parameter for which the variance is regquested will contribute to
synergistic or additive effects in the effluent or receiving
water; and/or, (4) the applicant plans to request an extension

for filing a completed request as provided in 40 CFR 122.21(n)(2).

II. Determining Factors in a Section 301(g) Variance

The following paragraphs discuss the factors that need to
be addressed in order to be considered for a section 301l(g)
variance. Many of the sections provide EPA recommendations
on how they should be addressed; however, an applicant may present
its own methods and suggestions to the EPA Region and Headquarters.
If an applicant believes there is a better way of addressing
an issue under section 301(g), the applicant should discuss the
option with EPA during the early consultation period before

proceeding. Section 125.53(b) discusses the recommended time

periods when early consultations should be held.

A. Pollutant Check

The first step an applicant must take is to identify the
nonconventional pollutant for which a variance is sought
(See Figure II). Toxic pollutants found on the section 307(a)
list of toxic pollutants and conventional pollutants listed
under section 304(a)(4) are ineligible for a variance under
section 301(g). See Appendix A or 40 CFR 401.15 and 401.16.
However, delisted pollutants, those pollutants removed from the
307(a) list of toxic pollutants through EPA administrative

action, are eligible for section 301(g) variances. (Official

delistings will be publicly noticed in the Federal Register.)




Fgure Il
301(g) DECISION LOGIC
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i PROVISIONAL REQUIREMENTS
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bb. if no Red Book criteria, derive criteria yourself using Nov. 80 methodology
cc. if no human health number, determine impact through literature search or
derive human heatth criterion by using EPA Nov. 80 methodology.
it OPTIONS:
as. applicant may use EPA methodology to develop site-specitic criterion
bb. spplicant may derive their own criteria with their own methodology

upon approval of EPA
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Pollutant parameters such as COD, surfactants, TOC, total

phenols, etc. are also eligible for a section 301(g) variance as
long as none of the constituents is found on the toxic or conven-
tional pollutant lists {(or if found on these lists, the pollutants
must be properly limited by BAT or BCT). Analytical methods

such as GC/MS are suggested to validate that no toxic pellutants
make up the pollutant parameter.

B. Compliance with BPT Limitations

The owner/operator of a point source must demonstrate that
the proposed modified effluent limitation (PMEL) will, at a
minimum, be as strinjent as BPT for the nonconventional pollutant
in question. If an applicant requests a variance from a BAT
guideline when there is no BPT gquideline for that specific
industrial subcategory, the permitting authority must determine
a BPT/BPJ (best prrofessiona! 3juigment) limit for that pollutant

which will serve as a minimum requirement.

C.

'O

ompliance with State Water Qualigx §ggndards

- - . e e o = = == ——————

At a minimum, the PMEL must meet the State water quality
standard for the nonconventional pollutant. If an applicant
does not know the State water quality standard which controls
its nonconventional pollutant, it should contact its State
permitting or water quality authority. EPA recommends that a
section 301(g) applicant determine impact on aquatic life and
human health by first reviewing water quality standards which
address these concerns (i.e., fishable/swimmable, drinking water
standards). If the State water quality standards for a nonconven-

tional pollutant address aquatic life and human health concerns,
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the applicant can determine whether the PMEL would violate those
standards by measuring the nonconventional pollutant concentration
at the edge of the mixing zone. A violation would mean an immediate

denial of the variance.

D. Other Point and Nonpoint Sources

The owner/operator ¢f a point source must demonstrate that
the modified effluent limitation will not result in any additional

requirements on any other point and nonpoint sources.

The section 301(g) regulation requires that a section 301(g)
applicant obtain a determination from the State or other inter-
state agency{s) having authority to establish wasteload allocations
(WLAs) and total maximum daily loads (TMDLs) indicating whether
the applicant's discharge will result in any additional treatment,
pollution control, or other requirements on any other point or
nonpcint sources. The applicant should contact the State water
quality or permitting authority and ask them to provide a written
determination. The determination should be attached to the variance
request if it is forwarded to the EPA Regional Office and/or EPA
Headquarters. The State determination must include a rationale

for its conclusion.

If wasteload allocations have not been established in the
locale of the section 301(g) variance applicant, EPA recommends
that the applicant identify other point sources in the vicinity
of the modified effluent limitation and determine whether the
increased nonconventional pollutant locad expected in the receiving

stream if a variance is granted would affect any other source's
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treatment requirements. The applicant may accomplish this by
conferring with the State permitting agency or with the point
sources most likely to be affected. If the modified effluent
limitation under section 301(g) resulted in additional requirements
on these dischargers, the 301(g) variance would be denied. Failure
to show evidence of no effect on other point sources will result

in a denial of the variance.

With regard to receiving waters where WLAs and TMDLs are
absent, the section 301(g) regulation requires that once a
section 301(g) variance has been granted, the State must
establish numerical water quality standards for the nonconventional
pollutant and WLAs anl TMDLs for the section 301(g) source and
the other dischargers in the vicinity. This must be done within
the 5 year permit term for the section 301(g) permittee and
before the permit containing the section 30l1(g) variance is
reissued. The rationale for this requirement is that many of
the factors considered in a section 301(g) review are also considered
in the development of water quality standards (under section 303(c)
of the Clean Water Act). Accordingly, it follows that the resulting
data from a section 301(g) variance should be applied to the
development of site-specific water quality standards and wasteload
allocations and total maximum daily loads. Since States must by
law review their water quality standards every 3 years, this require-
ment should not impose any undue extra administrative burden on them.
EPA has a number of draft documents which may assist a State in

developing WLAs and TMDLs. They are listed in Appendix H.

E. Maintenance of Water Quality

Section 301(g) requires an applicant to assure protection
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of water quality which will protect the following:
1. Public water supply
2. Recreational Activities
'

Balanced Population of Shellfish, Fish, Wildlife
Human Health Considerations

1. Public Water Supply

The applicant must demonstrate that the modified effluent
limitation will not adversely affect any public water supplies
that are in the vicinity of the point of discharge. The modified
effluent limitation must not prevent a planned or existing public
water supply from being used, or from continuing to be used, as

a public water supply, or have the effect of requiring any public

water supply to provide additional treatment.

The applicant should contact the State permitting authority
to determine whether there are or will be public water supplies
in the area and then contact the public water supplies in the
vicinity of the discharqge to determine if the PMEL would affect
their operation. If they are affected, a section 301(g) variance
request would be denied. The applicant should alsoc determine
from the permitting authority whether State or local drinking
water standards would be violated by the PMEL. If standards

would be violated, the request would be denied.

2. Recreational_Activities

-—-—-

The applicant must demonstrate that the PMEL will not
adversely affect recreational activities beyond the mixing zone
boundary. If a recreational use is affected, a section 301(g)
variance request would be denied. The section 301(g) regulation

requires that the PMEL not interfere with recreational activities
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beyond the mixing zone boundary {(or zone of initial dilution,
whichever is applicable), including without limitation swimming,
diving, boating, fishing and picnicking and sports activities

along shorelines, river banks, lake shores and beaches.

The section 301(g) regulation also requires that there
are no Federal, State, or local restrictions on recreational
activities within the vicinity of the applicant's outfall due
to the PMEL, unless such restrictions are routinely imposed

around industrial discharges.

The applicant should take an inventory of recreational
activities in the area of the discharge and determine if the
section 301(g) variance would affect these activities. For
examnle, does the PMEL, after dilution in the mixing zone, exceed
human health related standards or criteria? Human health criteria
protect humans from both bhody contact and the consumption of
water, fish or sheilfish containing harmful levels of pollutants.
An aquatic life criterion (s a good measure of the potential
impact to a fish population associated with a specific recreational

use sucnh as trout fishing.

3. Balanced Population of Shellfish, Fish and Wildlife

Section 301(g) requires the applicant to demonstrate that a
section 301(g) variance will not interfere with the attainment or
maintenance of water quality which shall assure protection and
propagation of a balanced population of fish, shellfish and
wildlife. At the same time, the statute requires that human
health and the environment be protected from acute and chronic

toxicity, persistency, biocaccumulation and synergistic propensities.
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{Chronic toxicity, according to section 301(g}), includes carcinogen-

icity, teratogenicity, and mutagenicity.)

Applicants are urged to use State water guality standards
in making a section 301(g) variance demonstration, 1f those
standards address the required aquatic life and human health

concerns with respect to the specific pollutant or pollutant

parameter. Using these standards would considerably simplify
the demonstration. Such standards are usually described as
"fishable/swimmable,"” "drinking water," or "aquatic life" standards.

State standards protecting designated uses such as "industrial™”
or "agricultural" are not acceptable to demonstrate compliance
with section 30l(g). If the State has water quality standards
which protect aquatic life and human health on other water bodies

in the State, these can be used in a section 301(g) assessment.

1f State standards are inadeguate to protect agquatic life
and human health, or are not available with respect to the
specific pollutant or pollutant parameter, EPA recommends use
of the section 304(a) criteria to evaluate the environmental
impact of the PMEL. These criteria address several of the
objectives which underlie the section 301(g) statutory criteria
(including acute and chronic toxicity and bioaccumulation).
The criteria, designed to protect aquatic life and human health
uses, consist of numerical concentrations of specific pollutants.
They are based on data and scientific judgments on the relationships
between pollutant concentrations and environmental and human
health effects. When using a section 304(a) criterion number,
the most recent EPA criterion document should be consulted and the

most stringent criterion should be chosen (i.e., the latest criteria
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for ammonia and chlorine are presented at 49 FR 4551, February 7,
1984). For latest updates on criteria development, please contact

the Criteria and Standards Division at EPA (202) 245-3042.

Most State water quality standards and EPA water quality
criteria do not cover persistence and synergistic propensities.
The applicant must be address these factors separately. See
Section IV (Special Considerations) for discussions of ways for

applicants to address synergistic propensities, and persistence.

An applicant, with EPA approval, may develop modified criteria
i1f it feels it is necessary to reflect site-specific water quality
characteristics or if it thinks the EPA criteria are inappropriate.
EPA's guidance document entitled "Water Quality Standards Handbook,"
December 1983, specifically outlines guidelines for deriving site-
specific water quality criteria for the protection of aquatic

life and its uses. For more information, refer to section III-C.

Use of Biomonitoriqg

Meeting a water quality standard or water quality
criterion is a good indication that water gquality is being main-
tained. However, the additional use of some kind of biological
monitoring (whole effluent bioassays or instream surveys) can
serve as a good tool to further verify that a balanced population

of aquatic life is being maintained over time.

EPA recommends that permit writers (State and EPA) incorporate
biomonitoring requirements into section 301(g) permits once a
variance is granted to verify that the variance, once in place,
will not result in an impact to the aquatic community in the

receiving stream. Biomonitoring also will help to further account
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for synergistic effects (and other combined impacts of effluent
and receiving water) in and around the effluent. Refer to EPA's
draft biomonitoring guidance manual (A Technical Support Document
for Water Quality-Based Toxics Control, May 1984) to determine

appropriate biomonitoring techniques for the 301(g) applicant.

4. Human Health Considerations

If State water quality standards or EPA water gquality criteria
do not include consideration of human health (such as a drinking
water standard or a human health criterion), the applicant should
use the most stringent aguatic life toxicity criterion number as
a baseline requirement and also demonstrate that human health
is not being affected. EPA does not expect every applicant to
perform the scientific studies necessary to develop specific
human health criteria numbers when those numbers are unavailable.
Instead, the applicant should retrieve and analyze relevant
literature and data to determine whether the nonconventional
pollutant (at the discharge level) is known to be acutely or
chronically toxic to humans. If the pollutant will cause

acute or chronic toxicity at the discharge level, the variance

will be denied.

With regard to chronic toxicity, the applicant should first
determine whether the pollutant is a known or suspected carcinogen,
teratogen, or mutagen. The applicant can do this a number of
ways. First, EPA criteria or Multi-Media documents, while they
may not have a human health number, usually contain some information
on mutagenicity, teratogenicity, and carcinogenicity; applicants
should review these documents for this information. (See section

ITII-A.) The applicant should secondly determine whether an
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acceptable daily intake (ADI) is available for a particular
chemical. ADIs represent a level of intake of a particular

chemical that is expected not to elicit any chronic toxicity.
Applicants may call the Environmental Criteria and Assessment

Office in Cincinnati (ECAO-Cin.) at {513) 684-7531 to determine
whether an ADI for a certain nonconventional pollutant is available.

If not, ECAO can provide guidelines for their determination.

To determine mutagenicity, an applicant may follow EPA's
proposed guidelines for determining mutagenicity found at 47 FR
53200, Pesticides Registration: Proposed data requirements, Nov-

ember 24, 1982.

To examine carcinogenicity, besides reviewing the data in the
criteria documents and other literature sources, the applicant is
urged to see if the nonconventiconal pollutant is on EPA's Carcinogen
Assessment Group (CAG) list of potential and known carcinogens.
Call CAG at (202) 382-7343 to determine which pollutants are on the
list and which ones have been added or deleted. 1If the pollutant
is on the CAG list, the applicant should determine the level at
which carcinogenic activity occurs and which route of exposure is
prominent (oral, inhalation) and compare this to the section
301(g) variance conditions. If response data on carcinogenicity
exists, then low risk concentrations (e.g., levels which give

one in 100,000 excess risk) should be estimated.

The applicant also can use the November 28, 1980 criterion
derivation methodology to determine human health criteria (see
Appendix C at 45 FR 79347). This methodology, however, is very

detailed and costly. It is a matter of discretion on the applicant's
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part whether to use this methodology. 1If the methodology is
used, there 1is greater assurance that an adequate assessment of
potential human health impacts has been made for the nonconventional

pollutant.

An approach to addressing one aspect of human health impact

is to determine the bioconcentration factor (BCF) of the pollutant.

A bioconcentration factor relates the concentration of a chemical

of pollutants is generally assumed to be potentially hazardous

it is desirable that a material show a low BCF. According to

Stern and Walker, 1978, a BCF cf a 100 may ncot indicate a substance
is hazardous if clearance of the peollutant is rapid, but a BCF
above 100 and certainly above 1000 indicates a great potential

for danger. Accordingly, EPA recommends that if a nonconventional

pollutant has a BCF greater than 100, more information should be
obtained on this pollutant with regard to chronic toxicity and
effects such as carcinogenicity, mutagenicity, teratogenicity.

The November 1980 criterion derivation methodology (45 FR 79341)
provides guidelines for deriving an acceptable bioconcentration
factor. In addition, if no measured value of BCF is available,
BCF may be estimated from the octanol-water partition coefficient,
Kow by use of the following regression equation (Veith et al.,
1980): Log BCF = (0.76 Log Kgy) - 0.23. Since the bioconcentration
factor alone is not conclusive evidence of an impact to human
health, other significant data should be reviewed to make a

complete human health risk assessment.

EPA Water Quality Criteria

=~
-
L]
.
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A. Existing EPA Water Quality Criteria for Nonconventional

Pollutants
EPA recommends an applicant review the following sources to
determine which water gquality criteria to apply 1In a section
301(g) variance assessment:
1. The most recently published ambient water quality

for the nonconventional pollutant;

2. The Red Book, Quality Criteria for Water,

1976, 1f no criterion document exists published

since 1976.

1 A M1+ _Maly a N~ and { TF ~ P P T~ A
> A Multi-Media Document (If no criterion document
or Red Book numher exists for the nonconventional

The following is a discussion of each of these sources of water

quality information.

which presents the most recent toxicological data on a pollutant

and provides the derivation of aquatic life and human health
criteria numbers based on those data and EPA approved methodologies.
There are, presently, criteria documents for 65 toxic pollutants

or pollutant classes.

Criteria documents for two important nonconventional pollutants,
ammonia and chlorine, are presently being published for public

comment. (Proposed criteria for ammonia and chlorine can be found



at 49 FR 4551, Feb. 7, 1984. See Appendix B.) These documents

will present the aquatic life criteria as 3 different numerical

criteria:
a. a 30 day average
I o a mavimiim r~rAncrondErariAAn
o «a LA A A LA L R N A ™ . N
c. a 96-hour range

There are, in addition, two human health criteria numbers. The

more stringent of these numbers is designed to protect human health
from the toxic properties of a pollutant if ingested from drinking
water or contaminated aquatic organisms. The other criterion
protects human health from the toxic properties of a pollutant if
ingestion of contaminated organisms alone occurs. Each human health
criterion number also incorporates data on mutagenicity, carcino-

genicity and teratcgenicity.

Red Book Criteria
When there are no recently published water quality criteria,

EPA recommends the applicant review the Red Book for applicable

water quality criteria. If the Red Book offers more than one

criterion number for the nonconventional pollutant, the applicant

should use the most stringent number.

P T .

in different environ-



mental media - air, water, soil. These documents will not include
EPA recommended criteria numbers or safe exposure levels but

will provide a great deal of scientific data which may be helpful
in making a section 301l{g) variance determination. These documents

will offer results from studies, lowest effect levels. and no-

effect levels for the following nonconventional pollutants:

Acetone

Dibenzofurans
Methoxychlor
Chlorophenoxy herbicides
Malathion

Parathion

Mirex

Kepone

Iron

Barium

QWO IO UV & Wi —

—

EPA encourages section 301(g) applicants to refer to these
documents and use data where applicable to address aquatic life
and human health impacts of these nonconventional pollutants.
These documents will be available from EPA during 1984. Information
on the documents and the studies contained in the documents can
be obtained by calling EPA's Environmental Criteria and Assessment

Office in Cincinnati at (513) 684-7531.
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In determining whether a variance request is justified, the
instream water quality that would result from a discharge con-
trolled by the PMEL (after dilution in a State mixing zone)
should be compared with the most stringent water quality criterion
(human health or aquatic life toxicity) for the pollutant. If
the PMEL will not result in poorer water quality than that des-

cribed by the State water quality standards, or water quality



criterion and the results of any tests required for synergism
or persistency (see Section IV-C), the PMEL is acceptable for
the purposes of section 301(g) provided all other statutory
requirements are met.

C. Procedures Where There Are No Existing Criteria/Standards
or Applicant Wishes to Modify Criteria

-
t
When there are no existing water quality standards or water
quality criteria available for the nonconventional pollutant, it
1s recommended that the applicant derive a water quality criterion
on its own. In these cases the applicant is urged to use EPA's
methodology for developing criteria numbers (45 FR 79341 Appendix

B - Guidelines for Deriving Water Quality Criteria for the Protec-

In any case where an applicant does not agree with EPA's
criteria or methodology, the applicant may generate its own
criterion number, using its own methodology, provided that
the alternative methodology for deriving criteria is scientifically
valid and will generate criteria that protect fishable/swimmable
uses. The Director of OWRS will make determinations. Where the
applicant wishes to substitute local biota into the EPA methodology,
the applicant should first have the selection of biota approved
by the Regional Administrator. See Section I-G on early consultation.

The Regional Administrator should consult the State to determine

which species are accurate representatives of local biota before
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approving the substltuted selection. It should be noted that

1. - N D m e A i b o e A o A T T T S -2V S
1 applililcant must rovtect agdlinist numdn iiealt’l eirLects,

r
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IV. Special Considerations

A. Pollutant Parameters (COD, TOC, TKN, Total phenols)

FDA reoecomme
[ 9%+ reco 1€

S

v

variance from a pollutant parameter such as COD, TOC
total phenols, use one ot two procedures:
o EPA's criterion derivation methodology. or

X

o Bench scale treatments.,

1. Criterion Derivation Methodology for Aquatic Life

To determine whether a pollutant parameter may quality for a
section 301l(g) variance using the EPA criterion derivation methad-
ology, the applicant must follow the acute and chronic toxicity
tests reguirements prescrired in the EPA methodology and conduc:
the tests with whole etfluent, For example, 1f an applicant is
deriving a criterion number for a nonconventional pollutant para-
meter such as chemical oxygen demand (COD), acute and chronic
toxicity tests must be run on the whole effluent of which COD 1s
a component. The toxicity tests are conducted with increasingly
diluted samples of the whole effluent rather than diluted concen-

trations of a single pollutant. The resulting criterion number

is expressed as a percent of the whole effluent a diluted
fraction of the 100% whole effluent. For example, if acute bio-
assays are conducted, the whole effluent should be assayed and
the percentage of the whole effluent which caused 50% mortality
{LCS0) should be identified. After conducting several acute

and chronic bicassays, the resulting criterion number might be,
for example, 20% of the whole effluent, The applicant would



have to prove that there is sufficient dilution within the mixing
zone to meet the 20% whole effluent concentration at the mixing
zone edge or, if dilution is insufficient in the mixing zone,

the applicant would have to reduce the level of the pollutant
parameter in the effluent and re-measure the whole effluent
toxicity. The permit writer must assure that any reduction of

a pollutant parameter concentration in the applicant's effluent
is achieved by treatment, not by increased in-plant flows.

Given the new whole effluent criterion number, the applicant

would re-evaluate the whole etfluent concentration at the edge

of the mixing zone. (See Figures II1 and 1V.) See Appendix B,
especially sections 1V - VII., Wwhere the EPA criterion derivation
I I SRS R RPN o~ =YY £ o~ em - e e - P PO Uy . r hoN o~ [ aFall ey
HEeLnovuouLioyy Cailbd [1OL LilLadS>Say L[ EsSuUll> HUCLHN ad LLUDOU Ol L ou

=) ~ o P PN e ~1 A~ o o~ 1 A -~ o~ O e Py & ~& £ o am A o b ~ b
vaiucds, LilT CILJ:)LLL.GNL = HHOUULU uos e vile iJCLL,b'llL CLLLIUCIIU witl 1l
resulted in the LC50 or ECS50 when deriving final acute/chronic

Because toxic and conventional pollutants are ineligible

for a variance, the section 30l(g) regulation requires an applicant

to identify those constituents of the whole effluent which are
conventional or on the section 307(a)(l) toxic pollutant list.
A GC/MS screen for toxics is recommended. 1If toxics are present,
they must be controlled by BAT or discharged at levels egquivalent

to BAT treatment,

The applicant is also required to make a human health impact
assessment to ensure that the nonconventional pollutant parameter
and none of its constituents will cause human health impact. EPA
recommends a literature search on the pollutant parameter or

development of a human health criterion using the November 1980
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human health criterion derivation methodology (Appendix C at 45
FR 79347), if applicable. It is recommended that each component
of the pollutant parameter be evaluated with regard to human
health impact. See the section II - E(4) above on addressing

human health impacts.

Note: In many cases a pollutant parameter such as COD will have
variable constituents from day tco day. Accordingly, the applicant
must assess the variability of its COD or other pollutant parameters
so that the section 3N1(g) variance request is based on COD
representative of applicant's effluent. The applicant should

list the pollutants that are in detectable guantities comprising

the COD, the percentage of these pollutants in the C0OD, and the

expected varianility nf these components.

2. Bench Scale Treatment Technologies

Bench Scale Treatment Technologies (Appendix C) are smail
{i.e., "bench") scale treatment strategies designed to simulate
an effluent where only one pollutant or pollutant fraction 1is
removed from the whole effluent by the proposed BAT and BPT
treatment technologies., Using these methods, an applicant can
compare the measured toxicity or effect attributed to a whole
effluent with and without a pollutant parameter controlled at
BPT and BAT levels., If an applicant can be demonstrate that
the existence of the pollutant parameter treated to BPT in the
whole effluent does not contribute to a significant increase in
acute or chronic toxicity or synergistic effects, that no section
307(a) pollutants are present, and that all other section 301(g}

factors are met, then the effect of the pollutant parameter at the
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the section 301l(g) variance may be granted,

Before using a bench scale treatment procedure, the applicant
should outline, during the early consultation, the specific
toxicity testing or biological effects testing which will be used
to prove no significant impact due to the pollutant parameter,

The applicant must also demonstrate that if a section 307(a)

toxic pollutant is part of the whole effluent that the toxic
pollutant does not affect the toxicity evaluation of the noncon-
ventional pollutant at PMEL concentrations. If section 307(a)

toxic pollutants are part of the whole effluent, toxicity associated
with the toxic component must be isolated from any discussion or
measurements of toxicity of the whole effluent containing the
nonconventional component treated., The concern 1s for "masked
effects™ where the toxic treated at BAT will mask the toxicity

effects of the nonconventional pollutant treated at BPT.

The applicant must also obtain approval of any toxicity
test employed from the State permitting authority and the EPA
Regional Office. The type and number of tests must be chosen
carefully in order to protect a balanced population of shellfish,
fish and wildlife. EPA recommends discussion of these tests

during the early consultation.
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addressed by the appli 1
are employed, the applicant must specify which human health effect
test methods will be used after the bench scale treatment simulates

the appropriate effluent quality. Human health risk assessment
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methods must be approved by EPA Cincinnati and Headquarters.

3., Downstream Effects

Because the nature of many pollutant parameters is not well
understood, applicants should demonstrate that pcllutant parameters
such as nutrients and oxygen demanding materials will not cause
downstream effects which violate State water quality standards.
There is concern that many pollutant parameters may not cause
impacts immediately beyond the mixing zone but further downstream,
beyond the immediate vicinity of the discharge. Pollutants

should be examined for latent fate and effects in all cases.

Mixing Zones/Dilution and Fate Models

1. Mixing Zone Determination

In most cases, the impact of a PMEL will be judged at the
edge of the State mixing zone. If the State's mixing zone provi-
sion is not specific with regard to physical dimensions, a
mixing zone may be determined on a case-by-case basis by the
State permitting authority and the applicant. TIf the State
forbids use of a mixing zone boundary as part of its water quality
standards, the applicant will be required to meet the criterion
number (or applicable State water quality standard) at the
point of discharge. (Appendix D is a listing of mixing zone

dimensions by State.)

In some cases a State may not have a mixing zone policy but
may have other parameters in its water quality standards designed
to determine water guality and the fate of pollutant discharges

after initial mixing. For example, in Pennsylvania wasteload
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allocations and other water quality analyses are conducted assuming
complete mixing at the point of discharge. Dynamic models are
also used to evaluate the behavior of non-conservative substances
such as toxic organics and pesticides which may mix and recombine
with other compounds and substrates in a number of ways. For

the purpcocses of section 301l(g) determinations, State water quality
standard programs which rely upon predictive models and wasteload
allocations in place of mixing zones should apply their models

to the 301(g) determination, In some cases, a mixing zone will
not serve as a purposeful boundary when the activity of a non-
conventional pollutant takes place far beyond the mixing zone
boundary. For example, acute toxicity may occur if an ammonia
discharge enters a highly alkaline downstream area with increased

temperature ani reduced dissolved oxygen content,

If the State has no mixing zone policy or boundary but does
have approved mixing and dilution predictive models, those should
be used in the applicant's section 30l(g) completed request.

EPA guidance on mixing zones is available in the Water Quality
Standards Handbook, November 1983. Copies of the Handbook can
be obtained from EPA's Criteria and Standards Division. Call

(202) 245-3042.

2. Marine Discharges

when an applicant applies for a secticon 301(g) variance for
an ocean discharge containing nonconventional pollutants, the
applicant should determine whether the State has an estuarine or
marine mixing zone as part of its water quality standards. If

there is none, the applicant should apply the zone of initial
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dilution (ZID) referenced in the section 30l(h) regulation and
technical support document which was developed for marine municipal

waste discharges. See Appendix E,

3. Water Quality Models

In order to demonstrate that a 301(g) waiver will result in
compliance with water guality standards and will not impact other
point and nonpoint source discharges, predictive water quality
modeling should be performed using either dilution analysis or
fate and transport models, Dilution analyses using mixing zone
models are adequate for evaluating the impact of wastewater
discharges only when the following conditions are met: (1) the
pollutant of interest exerts its maximum effect immediately after
discharge and (2) either the substance is conservative or an
isolated discharge situation exists in which there is a single
discharger or a discharger located beyond interaction with other
dischargers. Pollutant kinetics and the travel time of the
discharge will determine whether these conditions will occur.
Fate and transport models are, therefore, required whenever: 1)
a pollutant exerts delayed water quality impacts or 2) slow
degradation rates relative to travel time and/or scour and resus-
pension of sorbed pollutants result in an upstream discharge

affecting downstream dischargers.

when dilution analyses are appropriate, the 301(g) waiver
applicant is encouraged to use an EPA-approved mixing zone
model (Appendix F). These models predict the concentration of

a pollutant at a specified distance after a specified time of
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dispersal. If the applicant chooses an EPA model, the computer
model must be identified and the printout containing the data

and results must also be submitted with the completed request,
All computations must be based on sampling data representative

of critical conditions. The critical flow chosen for model
predictions should be approved by the State and EPA Region before

costly computer resources are expended.

The applicant may also use predictive mixing zone models but

State permitting authority. In any case, the applicant should
provide a diagram showinj the boundary of the mixing zone, the
point of discharge, and the pollutant concentration isopleths

generated in the mixing zone,

When fate and tranport modeling is required, the 301(g) waiver
applicant is encouraged to use an EPA-approved farfield model. 1If
phytoplankton effects on dissolved oxygen are significant in a
receiving water and a 301(g) wailver would result in increased
ammonia and phosphorus discharges, it is recommended that these
pollutants be predicted with one of the following fate and transport

— A Y
moaels:

Model Receiving Water Application
Qual 11 rivers

Receiv II rivers and estuaries
WASP rivers, estuaries, lakes
AT DA b I P

oM AdART I

LAKECO lakes

LINADDC Tabae

"Vl\I\J AQGQNANT O

DEM estuaries

MIT-DNM estuaries

EXPLORE-1I estuaries
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If a 301(g) waiver would result in increased discharge of
nonconventional pesticides or metals which reach downstream
discharges or exert delayed water-quality impacts, the following

fate and transport models should be considered for use:

Model Receiving Water Application
EXAMS, MEXAMS rivers, estuaries, lakes
TOX IWASP rivers, estuaries, lakes
CTAP rivers, estuaries, lakes
WASTOX rivers, estuaries, lakes
SERATRA rivers

MICHRIV rivers

HSPF rivers

FETRA rivers and estuaries

SLSA rivers and lakes

These models are described in the guidance documents listed
in Appendix H., For further information, contact the Wasteload
Allocation Section of the Office of Water Regulations and Stan-

dards at (202 382-7056.

C. Synergistic Propensities

The section 30l(g) regulation requires an applicant to demon-
strate that synergistic propensities will not cause an impact to
human health or aquatic life. According to Casarett and Bruce,
1980, a synergistic effect is a situation in which the combined
effect of two chemicals is much greater than the sum of the
effect of each agent alone. For example, both tetrachloride and
ethanol are hepatotoxic agents, but together they produce much
more liver injury than the mathematical sum of their individual
effects on the liver would suggest. For the purposes of section
301(g), EPA recommends a broad assessment under the heading of

Synergistic Propensities. 1In addressing synergism, an applicant
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should include an assessment of the combined effects of two or
more pollutants, an assessment of effects produced by combining
pollutants and different physical factors, and an assessment of
the potential for pollutants to combine chemically and form a

more toxic substance. To make such an assessment the applicant
must identify the pollutants and the physical conditions in the
effluent and the receiving waters which may combine to cause

greater toxicity or impact than may be commonly suspected from

the individual nonconventional pollutants alone,

To address this aspect a section 301(g) applicant should be
review the literature to determine whether its effluent or the
effluent and the receiving water will contain dangerous combinations
of pollutants., An applicant could also conduct toxicity tests
with each of the chemicals in its effluent and compare the sum
of the toxicities with the toxicity of the whole effluent. To
accomplish this, the applicant may apply biomonitoring technigues,
where applicable, to determine whether synergism is occurring in
an applicant's effluent., These techniques could include conducting
acute and chronic bioassays on the whole effluent and separate
fractions of the whole effluent to determine whether the nonconven-
tional component of the effluent, when combined with the toxic or
conventional fractions, exhibits synergistic qualities., (See
Walsh and Garnas, 1983) 1In cases where effluents are highly
complex, this may be impractical and the applicant may have to

rely upon a literature search.

With regard to pollutants and physical parameters in the
receiving stream, the applicant should be aware of combinations

of varying temperature, pH, and dissolved oxygen levels which



-34-

cnuld increase the toxicity of the effluent and the receiving
stream. For example, the toxicity of ammonia is very much depen-
dent upon pH and temperature. As alkalinity increases, the concen-

tration of highly toxic un-ionized ammonia also increases,

Another area of concern is the possibility of two pollutants
combining to form a more toxic substance. For example, when
ammonia and chlorine are in the same effluent or receiving waters,

they may combine to form more toxic and persistent chlorinated

amines. Another dangerous combination of pollutants may be
total phenols and chlorine. 1If the nonconventional portion of
total phenols combines with chlorine, the result may be highly
toxic chlorinated phencls,

EPA strongly urges applicants to describe their plan to deter-
mine whether synergism 1s occurring in their effluent during the
early consultation.

D. Persistengx

The secticn 301(g) regulation requires the applicant to
demonstrate whether the nonconventional pollutant will impact
human health or aquatic life due to persistency. The applicant
should determine the fate of the nonconventional pollutant with
regard to its chemical structure and concentration in the environ-
ment. The applicant should determine whether the pollutant or
pollutant concentration will be altered (and to what degree) by
such chemical or physical reactions as volatilization, photolysis,
adsorption, absorption, oxidation, hydrolysis, etc. This can be
accomplished through a review of the literature or direct measure-

ments. Direct analytical methods must be cited if used., EPA has



prepared a draft document which outlines different methods for
assessing the fate of a pollutant. The document entitled “"Chemical
Fate Test Guidelines™ is available from NTIS at (703) 487-4650 or
the EPA Office of Toxic Substances library at headquarters,

referenced as USEPA 560/6-82-003.

Another way to assess persistency is to analyze the chemical
structure and properties of the pollutant. The octanol-water
partition coefficient, the degree of halogenation, the molecular
weight of the compound can help correlate the biological activity
of structurally related compounds to the physical parameters of

the chemicals.

An applicant can receive consideration for a section 301(g)
variance only under very specific conditions. 40 CFR 125.3(g)
of the Environmental Permit Regulations states that if a pollutant
is being used as an indicator for a toxic or conventional pollu-
tant it cannot be considered for a section 30l1(g) variance.
However, a nonconventional pollutant may be considered for a
section 301(g) variance if its role as an indicator can be elimi-
nated., To do so, either: (1) the nonconventional pollutant
being used (or proposed for use) as an indicator must be replaced
by another indicator or (2) individual permit limits must be placed
on the toxic or conventional pollutants for which the indicator is

being used.

F. Ipta{_ghqnq{§

In keeping with the NPDES Litigation settlement of June 7,
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1982, EPA recognizes that total phenols may be considered for
section 301l(g) variance requests as long as certain conditions

are met, Because total phenols (as tested by 4AAP) is a pollutan:
parameter, it would be subject to the requirements of section
125.54(e)(2) of the section 301(g) regulations. Therefore, the
applicant must demonstrate that the total phenols in its effluent
do not include toxic phenolics, that those toxic phenolics present
are at BAT concentrations or that the toxic phenolics are directly

controlled by BAT effluent limitations.

G. Design Conditions

While EPA realizes it cannot impose standard design con-
ditions on all tests and demonstrations provided as evidence for
a variance, it is still important that 301(g) applicants strive
toward a high degree of consistency in their approaches. The
applicant should establish critical design conditions during
early consultations with State and EPA officials. 1In some cases,
State water quality standards will specify low flow conditions
(e.g., 7010). Under such circumstances, the applicant must use
the State-specified low flow conditions. Appendix H has a list
of design condition documents prepared by the Wasteload Allocation
Section of the Office of Water Regulations and Standards. These
guidance documents outline procedures for determining the critical
temperature, pH, and flow conditions that should be used in
steady state mixing zone or fate and transport modeling of streams
and rivers., Future documents will be prepared on appropriate

design conditions for steady state lake and estuary modeling.



In the absence of EPA guidance on lake and estuary design
conditions, the applicant should consider water quality modeling
in the waterbodies during periods of minimum dilution. The river
inflow to lakes and estuaries could be set at the design conditions
recommended for streams and rivers, Lake modeling could then be
performed at periods of low water levels as well as spring and
fall overturns. Estuarine modeling could be performed at slack
tides during periods of maximum stratification and/or minimum

dilution.

Mixing zone modeling of marine discharges should follow the
guidelines developed for 301(h) waivers. The 301(h) program
requires that the zone of initial dilution be determined for
periods of critical minimum dilution, These periods are defined
as a function of maximum vertical density stratification, minimum
initial density differences, maximum waste flow rate, and minimum

currents.,

IV. EPA Section 301(g) Checklist

ects do not have to be addressed with an e
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concisely they can be addressed, the greater the chance an appli-
cation will not he rejected due to lack of information or in-

completeness,

It is strongly recommended that both the applicant and the
State and Regional representatives hold an early consultation and
determine what is expected from each applicant before a completed
request is filed. The checklist may serve as an agenda for an
early consultation and may be used as an outline for preparation
of the completed request.,
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APPENDIX A

CHECK

POLLUTANT

Pollutants listed under section 304(a)(4)
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B, Toxic Pollutants (Not eligible for a 30l(g) variance)

The follcocwing comprise the list of toxic pocllutants
designated pursuant tc section 307(a)(l) of the Clean Water
Act.

Acenaphthene
Acrolein
Acrylonitrile
Aldrin/Dieldrin «
Antimony and compounds
Arsenic and compounds
Asbestos
genzene
Benzidine
Beryllium and compounds
Cadmuim ani compouncs
Carbcn tetrachloride

. o
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I3, Ch.orcdane (technical mixture and meta-clites)
14, ricrinated benzenes (otner than cichlorobenzenes)
15. Crlorirated ethanes (including 1,2-3ichloroethare,

.1, .zch-oroe hane, and hexac“;o*oehhane)
Cnrioca.xy. ethers (chloroethyl ani mixed ethers)
T. Crnlorinazed naphthalene
. Crlor.nated gfhenols (other than thcse listed elsewhere;
incluies ftrichrlcrcghrencls ant cnicrinated crescls)
Chloroform
z-chlcrcpnenol
. Cnromium and compcunis
. Ccpper anid compouncs
. \.vau.de=
. DDT anc metabolltes
Dichlorchenzenes (1,2-, 1,3-, and 1 ,4-dichlorobenzenes)
Dichlorobenzicdene
ichlecrcethylenes (1,1~, and 1,Z2-dichloroethylene)
2,4-cdichrlorophenol
Dichlcroprcopane and dichloropropene
2,4-dimethylphenol
Dinitrotoluene
Diphenylhydrazine
Endosulfan
34. Endrin and metabolites
35. Ethylbenzene
36. Fluoranthene
37. Haloethers (others than those listed elsewhere;
includes chloroghenylphenyl ethers, bromophenyl-
phenyl ether, bis(dichloroisopropyl) ether, bis-
(chloroethoxy) methane and polychlorinated diphenyl
ethers).
38. Halomethanes (other than those listed elsewhere;
includes methylene chloride, methylchloride, methylbromice
bromoform, dichlorobromomethane)

—
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The term "compounds” shall include organic and inorganic
compounds.



39. Heptachlor and metabolites

40. Hexachlorobutadiene

41. Hexachlorocyclohexane

42. Hexachlorocyclopentaciene

43, Isophorone

44, Lead and compounds

45, Mercury and compounds

46, Naphthalene

47. Nickel and compounds

48, Nitrobenzene

49, Nitrophenols (including 2,4-dinitrophenol,
dinitrocresol)

50. Nitrcsamines

51. Pentachlorophenol

52. Phenol

53. Phthalate esters

54. Polycnlorinatec biphenyls (PCBs)

55, Polyaromatic hydrocarbons (1nclucing
benzanthracenes, btenzopyrenes, 5enzo-
flucranthene, chrysenes, cdibenzoanthracenes,
and indenopyrenes)

56. Selenium and comgouncs

57. Silver and comgoundcs

58. 2,3,7,8-tetrachlorocibenzo-p-dioxin (TCDD)

56. Tetrachloroethylene

60. Thallium anc compouncs

6l1. Toluene

62. Tcxaphene

63. Trichloroethylene

64. vVinyl chlorice

65. Zinc ancd compounds

[44 FR 44502, July 30, 1979, as amended at 46 FR 2266,
Jan.8, 1981; 46 FR 10724, Feb 4, 1981]



C. MAJOR NONCONVENTIONAL POLLUTANTS

The following nonconventional pollutants are common to a great
number of industrial dischargers and as such are expected to De
limited by effluent guidelines for some industrial subcategories.

Aluminum
Ammonl a
Barium

Chemical xyzen Derznd (CCD)

e censidered noncorventional in the Pesticiles
ans: not listed as toxic)



APPEXDIX B

The following appendix contains the two sets of guidelines for
deriving water guality criteria as presented by EPA on November
28, 1980 in the Federal Register (45 FR 79341). The first set

of guidelines (Aprendix B) 1s intended for deriving water quality
criteria which protect acuatic life and its uses. The second.set
of gquidelines (2ppendix C) on page 79347 is intended for makina
hunan health assessments about a particular pollutant. Both sets
of guidelines offer methodologies for deriving water quality criteria.
These quidelines should be applied in a 301(g) assessment if there
are no existing EPX water quality criteria or State water quality
standards for the nonconventional pollutant in question.

Appendix B—Guidelines for Deriving
Water Quality Criteria for the Protection
of Aquatic Life and Its Uses

Introduction

This version of the Guidelines
provides clarifications, additional
details, and technical and editorial
changes in the last version published in
the Federal Register {44 FR 15570 (March
15, 1979)]. This version incorporates
changes resulting from comments on
previous versions and from experience
gained during U.S. EPA's use of the
previous versions. Future versions of the
Guidelines will incorporate new idess
and dats ss their usefulness is
demonstrated.

Criteria may be sed in several
forms. The numerical form is commonly
used. but descriptive and procedural
forms can be used if numerical criteria
are not possible or desirable. The
purpose of these Guidelines is to
describe an objective, internally
consistent and appropriate way of
deriving numerical water quality criteria
for the protection of the uses of, as well
a3 the presencs of, aquatic organisms.

A numerical criterion might be
thought of as an estimate of the highest
concentration of a substance in water
which does not present a significant risk
to the aquatic organisms in the water
and their uses. Thus the Guidelines are
intended to derive criteris which will
protect aquatic communities by
protecting most of the species and their
uses most of the time, but pot
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necessarily all of the species all of the
time. Aquatic communities can tolerate
some stress and occasional adverse
effects on a few species, and 30 total
protection of all of the species all of the
time is not necessary. Rather, the
Guidelines attempt to provide a
reasonable and adequate amount of
protection with only s small possibility
of considerable overprotection or
underprotection. Within these
constraints. it seems appropriate to err
on the side of overprotection.

The numerical aquatic life criteria
derived using the Guidelines are
expressed as two numbers, rather than
the traditional one number, so that the
criteria can more accurately reflect
toxicological and practical realities. The
combination of both a maximum value
and s 24-hour average value is designed
to provide adequate protection of
aquatic life and its uses from acute and
chronic toxicity to animals, toxicity to
plants and bioconcentration by aquatic
organisms without being as restrictive
as a one-number criterion would have to
be to provide the same amout of
protection. The only way to assure the
same degree of protection with a one-
number criterion would be to use the 24-
hour average as 8 concentration that is
not to be exceeded at any time in any
place.

The two-number criterion is intended
to identify an sverage pollutant
concentrstion which will produce s
water Qualtiy generally suited to the
maintenance of aquatic life and its uses
while restricting the extent and duration
of excursions over the average so that
the total exposure will not cause
unaccsptable adverse effects. Merely
specifying an average value over a time
period is insufficient, unless the period
of time is rather short, because of
concentration higher than the average
value can kill or cause substantial
damage in short periods. Furthermore,
for soms substances the effect of
intermittent high exposures is
cumulative. It is therefore necessary to
place an upper limit on pollutant
concentrations to which aquatic
organisms might be exposed, especially
when the maximum value is not much

er than the average value. For some
substances the maximum may be so
much higher than the 24-hour average
that in gny real-warld situation the
maximum will never be reached if the
2¢-bhour average is achieved. In such
cases the 24-hour average will be
limiting and the maximum will bave no
practical significancs, except to indicate
that elevated concentrations are
acceptable as long as the 24-bour
average is achieved.

These Guidelines have been
developed on the assumption that the
results of laboratory tests are generally
useful for predicting what will happen in
field situations. The resulting criteria are
meant to apply to most bodies of water
in the United States, except for the
Great Salt Lake. All aquatic organisms
and their common uses are meant to be
considered, but not necessarily
protected. if relevant data are available,
with at least one specific exception. This
exception is the accumulation of
residues of organic compounds in the
siscowet subspecies of lake trout which
occurs in Lake Superior and contains up
to 67% fat in the fillets (Thurston. CE.
1962, Physical Characteristics and
Chemical Composition of Two
Subspecies of Lake Trout, ]. Fish. Res.
Bd. Canada 19:39-44). Neither siscowet
nor organisms in the Great Salt Lake are
intenuonally protected by these
Guidelines because both may be too
atypical.

With appropriate modifications these
Guidelines can be used to derive criteria
for any specified geographical area,
body of water (such as the Great Salt
Lake), or group of similar bodies of
water. Thus with appropriate
modifications the Guidelines can be
used to derive national, state, or local
criteria if adequate information is
available concerning the effects of the
substance of concern on appropriate
species and their uses. However, the
basic concepts described in the
Guidelines should be modified only
when sound scientific evidence
indicates that a criterion produced using
the Guidelines would probably
significantly overprotect or underprotect
the presence or uses of aquatic life.

Criteria produced by these Guidelines
are not enforceable numbers. They may
be used in developing enforceable
numbers, such as water quality
standards and effluent standards.
Howaever, the development of standards
may take into account additional factors
such associal, legal. economic, and
hydrological considerstions, the
environmental and analytical chemistry
of the substance. the extrapolation from
laboratory data to field situations, and
the relationship between the species for

. which data are available and the

species which are to be protected.
Because fresh water and salt water
(including both estuarine and marine
waters) have basically different
chemical compositions and becsuse
freshwater and saltwater species rarely
inhabit the same water simulteneously,
separate criteria should be derived for
these two kinds of waters. Howsver, for
some substances sufficient data may not

be available to allow derivation of one
or both of these criteria using the
Guidelines.

These Guidelines are meant to be
used after a decision is made that a
criterion is needed for a substance. The
Guidelines do not address the rationale
for making that decision. If the potential
for adverse effects on squatic life and
its uses are part of the basis for deciding
whether or not a criterion is needed for
a substance. these Guidelines may be
helpful in the collection and
interpretation of relevant data.

1. Define the Substance for Which the
Criterion Is To Be Derived

A Each separate chemical which
would not ionize significanty in mos:
natural bodies of water should usualiy
be considered a separate substance.
except possibly for structurally similar
organic compounds that only differ in
the number and location of atoms of a
specific halogen. and only exist in large
Quantities as commercial mixtures of the
various compounds. and apparently
have similar chemical, biological, acd
toxicological properties.

B. For chemicals, which would ionize
significantly in most natural bodies of
water, such as inorganic salts, organic
acids and phenols. all forms that would
be in chemical equilibrium should
usually be considered one substance
For metals, each different valence and
each different covalently bonded
organometallic compound should
usually be considered a separate
substance.

C. The definition of the substance may
also need to take into account the
analytical chemistry and fate of the
substance.

I1. Collect and Review Available Dota

A. Collect all available data on the
substance concerning (1) toxicity to, and
bioeccumulation by. aquatic animals
and plants, (2) FDA action levels. and
(3) chronic feeding studies with wildlife.

B. Discard all data that are not
available in hard copy (publication,
manuscript, letter, memorandum, etc.)
with enough supporting information to
indicate that acceptable test procedures
waere used and that the results are
reliable. Do not assume that all
published data are acceptable.

C. Discard questionable data. For
example, discard data from tests for
which no control treatment existed. in
which too many organisms in the control
treatment died or showed signs of stress
or disease, or in which distilled or
deionized water was used as the
dilution water for aquatic organisms.
Discard dats on formulated mixtures
and emulsifiable concentrates of the
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necessarily data on technical grade
material.

D. Do not use data obtained using:

1. Brine shrimp. because they usually
only occur naiuraily in waier with
salinity greater than 35 g/kg.

2. Species that do not have
reproducing wild populations resident
in—but not necessarily natve to—North
America. Resident North American
species of fishes are defined as those
listed in “A List of Common and
Scientific Names of Fishes from the
United States and Canada™, 3rd ed.,
Special Publication No. 8, American
Fisheries Society, Washington, D.C.,

1970. Data obtained with non-res:d
. wsalg golained wilh nen-resic

species can be used to indicate
relationships and possible problem
areas, but cannot be used in the
derivation of criteria.

3. Organisms that were previously

exposed to significant concentrations of
the test material or other pollutants.

Il Minimum Dato Base

0
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be available to help ensure that each of
the four major kinds of possible adverse
effects receives some consideration.
Results of acute and chronic toxicity
iesis with a reasonabie number and
varniety of aquatic animals are necessary
so that data available for tested species
can be considered a useful indication of
the sensitivities of the numerous
untested species. The requiurements
concerning toxicity to aquatic plants are

Inee stringent hacavas nrocadurae {ar
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conducting tests with plants are not as
well developed and the interpretation of
the results is more questionable. Data
concernirg bioconcentration by aquatic
crgamsms can G?u"‘ be used if other
relevant data are available.

B. To derive a criterion for freshwater
aquatic life, the following should be
available:

i. Acuie iesis (see IV]) with
freshwater animals in at lcnt eight
different families provided that of the
eight species:

—at least one is a salmonid fish

—at jeast one is a non-salmonid fish

—al least one is a planktonic crustacean

—at least one is a benthic crustacean

—a! least one is a benthic insect

—at least one of the benthic species is a
detritivore

2. Acute-chronic ratios (see Section

V1) for at least three gpecies of aquatic

animals provided that of the three

species: )

—at least one is a fish

—at least one is #n invertebrate

_.n' ‘.lnl one 11 a .’_rezlhwn'-r -?‘CEes
(the other two may be saltwater
species)

alga or a chronic test with a freshwater
vascular plant {see Section VIIi). If
plants are among the aquatic organisms
that are most sensitive to the substance.
tesis with more than one species shouid
be available.

4. At least one acceptable
bioconcentration factor determined with
an aquatic animal species, if 8 maximum
permissible tissue concentration is
available (see Section IX).

C. To derive a criterion for saltwater

e = Laedion oF a2

aquatic life. the following should be
available:

1. Acute tests (see Section IV) with
saltwater animals in at least eight

diffarant familias nravided that af tha
qilierent igmiiies provicded Wiatl ol e

eight species:

—at Jeast two different fish families are
included

~—at least five different invertebrate

families are Inrlnﬂnﬁ

a@filaiies ;v nnlideed

—either the Mysidae or Penaeidae
family or both are included
—at least one of the invertebrate
families is in a phylum other than
Arthropoda
2. Acute-chronic ratios (see Section
V1) for at least three species of aquatic
arumals provided that of the three
species:

—2al! lens' one |: a ﬁc)\
a -1

—at least one is an invertebrate

—at Jeast one is 8 saltwater species (the
other two may be freshwater species)
3. At least one test with a saltwater

-‘nn ora chronic tast un"\ a --"n:n'-—
a ACNIL 8 [ 23

vascular plant {see Section VIII). If
plants are among the aquatic organisms
mos! sensitive to the substance, tests
with more than one species should be
available.

4. At least one acceptable
bioconcentration factor determined with
an squatic animal species, if a maximum
permissible tissue concentration is
svailabie {see Section IX).

D. If all the requirements of the
minimum data base are met. a criterion
can usually be derived. except in special
cases. For example. a criterion might not
be possibie if the acute-chronic ratios
vary greatly with no apparent pattern.

Aleca if a evitarion ia ta ha ralatad tg o
Asc.ifaanienonisigoereiateC ic s

water quality characteristic, [see
Sections V and VII). more data will be
necessary.

Similarly, if the minimum data
requirements are not satisfied, generally
a criterion should not be derived, except
in special cases. One such special case
would be when less than the minimum
amount of acute and chronic data are
available, but the available dats clearly
indicate that the Final Residue Value
wnnlf. h. -uhn!-n'i-“y ‘n\unr Ih.n ai :h.r

2L R Y121

the Final Chronic Value or the Final
Plant Value.

A Appropriate measures of the acute
hort-term) toxicity of the substance to
various species of aquatic animals are
used to calculate the Final Acute Value.
If acute values are available for fewer
than twenty species, the Final Acute
Value probabiy shouid be lower than
the lowest value. On the other hand. if
acute values are available for more than
twenty species, the Final Acute Value
probably should be higher than the
lowest value, unjess the most sens:tive
species is an important one. Although
the procedure used to calculate the Firal
Acute Value has some limitations it
apparently is the best of the procedures
currently available.

B. Acute toxicity tests should be

rondiictad wein A
congucled using proceaures such as

those described in:

ASTM Standard E 729-80. Practice for
Conducting Acute Toxicity Tests with
Fishes Mncro'mvenebrate: lnd

PR PP

nulpluunlnl nmtn(:ln DDClEly IUY
Testing and Materials, 1916 Race Street,
Philadelphia, PA 18103.

ASTM Standard E 724-80. Practice for
Conducting Static Acute Toxicity Tes!s
with Larvae of Four Species of Bivalve
Molluscs. American Society for Testung
and Materials, 1918 Race Street,
Philadelphia, PA 19103.

C. Results of acute tests in which focd
was added to the test solutions shou.d
not be used. because this may

unnacassamle affanst
wyictLuCremiiiy silicul

test.

D. Results of acute tests conducted
with embryos should not be used {bu!
see Section IV.E.2). because-this is often
an insensitive life stage.

E. Acute values should be based vn
endpoints and lengths of exposure
appropriate to the life stage of the
species tested. Therefore. only the
foliowing kinds of data on acute toxicity
to aquatic animals should be used:

1. 48-hr ECSD values based on
immobilizetion and 48-hr LCS0 values
for first-instar (less than 24 hours old)
daphnids and other cladocerans. and
second- or third-instar midge larvae.

2 48 tn O he BCOEN valiiae hacad an
e WA AW BN A N TEINGS VEITW Vi)

incomplete shell development and 48- to
96-hr LCS0 values for embryos and
larvae of barnacles, bivalve molluscs
(clams, mussels, oysters, and scallops).
sea wrchins, lobsiers, crabs, shrimps,
and abalones.

3. 98-hr ECS0 values based an
decressed shell deposition for oysters.

4. 96-hr EC30 values on
immobilization or loss of equilibrium or
both and 96-hr LCS0 values for aquatic

=n=m=!- .wn.?. 'nr r‘-(‘nr.r-nn mlr‘a.t.

and animals whose behavior or
physiology allows them to evoid

tha saanlita ~
the IC.UD 8 O

fiha
i the
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exposure to toxicant or for whom the
acute adverss sffect of the exposure
cannot be adsquately messured. Such
freshwater and saltwater animals
include air-breathing molluscs, unionid
clams, operculate suails, and bivalve
molluscs. except for some species that
cannot “close up” and thus prevent
exposure to toxicant, such as the bay
scallop (Argopecten irradians).

F. For the use of LC30 or EC30 values
for durations ahorter and longer than
those listed above, see Section X.

G. If the acute toxicity of the
substance 10 squatic animals has been
shown 1o be related to a water quality
characteristic such as hardness for
freshwater organisms or salinity for
saltwater organisms, & Final Acute
Equation should be derived based on
that water quality characteristic. Go to
Section V.

H. U the scute toxicity of the
substance bas not been adequately
shown to be related to a water quality
characteristic. for each species for
which at least one acute value is
available, calculate the geometric mean
of the results of all flow-through tests in
which the toxicant concentrations were
measured. For a species for which no
such result is available, calculate the
geometric mean of all available acute
values. Le.. results of flow-through tests
{n which the toxicant concentrations
were not measured and results of static
and renewal tests based oa initial total
toxicant concentrations.

Nots.—The geometric mean of N numbersy
is obtained by taking the N'* root of the
product of N aumbers. Alternatively, the
geometric mean can be calculated by adding
the logarithms of the N numbers. dividing the
sum by N. and taking the antilog of the
quotient The tric mean :, two numbers
can also be ated as the square root of
the product of the two numbers. The
geometric meen of one number s that
number. Either natural (base ¢) or common
(base 10) logarithms can be used 1o calculate
geometric means as long as they are used
consistently within each set of data. Le. the
antilog used must match the logarithm used.

L Count the number=N of species for
which a species mean acute value is
available.

J. Order the species mean acute
values from low to high Take the
common logarithms of the N values (log
mean values).

K The intervals (cell widths) for the
lower cumulative proportion
calculations are 0.11 common log units
apart, starting from the lowest log value.
The value of 0.11 is an estimats of
average jon and was calculated
from replicate species acute values.

L Starting with the lowest log mean
value, separste the N values into

intervals (or cells) calculated in Step IV.
K

M. Calculate cumulative proportions
for each non-empty interval by summing
the number of values in the present and
all lower {ntervals and dividing by N.
These calculations only need to be done
for the first three non-empty intervals
(or cells).

N. Calculate the arithmetic mean of
the log mean values for each of the three
intervals.

O. Using the two interval mean acute
values and cumulative proportions
closest to 0.03, linearly extrapolate or
interpolate to the 0.05 log concentration.
The Final Acute Value is the antilog of
the 0.05 concentration.

In other words, where
Prop(1) and conc(1} are the cumulative

roportion and mean Jog value for the
rowest pon-empty interval.

Prop(2) and conc(2) are the cumulative
proportion and mean log value for the
second lowest non-empty interval

A = Slope of the cumulative proportions

B=The 0.05 log value

Then:

A = {0.05 — Prop(1)}/{Prop(2) — Prop(1))

B=conc(1)+ A [conc(2)-conc(1}}

Final Acute Value =10*

P. If for an important species, such as
a recreationally or commercially
important species, the geometric mean
of the acute values from flow-through
tests in which the toxicant
concentrations were measured is lower
than the Final Acute Value, then that
geometric mean should be used as the
Final Acute Value.

Q. Go to Section V1.

V. Final Acute Equation

A. When enough data are available to
show that acute toxicity to two or more
species is similarly affected by a water
quality characteristic, this effect can be
taken into account as described below.
Pooled regression analysis should
produce similar results, although dats
available for individual species would
be weighted differently.

B. For each species for which
comparable acute toxicity values are
available at two or more different
values of a water quality characteristic
which spparently affects toxicity,
perform a least squares regression of the
patural logarithms of the acute toxicity
values on the natural logarithms of the
values of the water quality
characteristic. (Natural logarithms
[logarithms to the base ¢. denoted as In)
are used herein merely because they are
easier to use on some hand calculators
and computers than common logarithms
[logarithms to the base 10]. Consistent
use of either will produce the same

result.) No transformation or a different
transformation may be used if it fits th-
data better, but appropriate charges wi!
be necessary throughout this section.

C. Dc¢iermine whether or not each
acute slope is meaningful, taking into
account the range and number of values
of the water quality characteristic
tested. For example. a slope based or
four data points may be of limited vaiue
if it is based only on data for a narrow

. range of values of the water quality

characteristic. On the other hard a
slope based on only two data points
may be meaningful if it ls cons:sten:
with other information and if the two
points cover a broad enough range o!
the water quality characteristic. If
meaningful slopes are not available fo:
at least two species or if the availabie
slopes are not similar, return to Sect:rr.
IV. H., using the results of tests
conducted under conditions and .n
water similar to those commonly used
for toxicity tests with the species

D. Calculate the mean acute slope (V']
as the arithmetic average of all the
meaningful acute slopes for individual
species.

E. For each species calculate the
geometric mean (W) of the acute toxic:*y
values and the geometric mean {X) of
the related values of the water quality
characteristic.

F. For each species calculate the
logarithmic intercept (Y} using the
equation: Y= ln W~ V(ln X).

G. For each species calculate the
species mean acute intercept as the
antilog of Y.

H 6bu.in the Final Acute Intercept by
using the procedure described in Sectior
IV. IO, except insert “Intercept” for
“Value”.

L I for an important species, such as a
recrestionally or commercially
important species. the intercept
calculated oaly from results of flow-
through tests in which the toxicant
concentrations were measured is lower
than the Final Acute Intercept. then that
{ntercept should be used as the Final
Acute Intercept. -

J. The Pinal Acute Equation is written
as ." ounilly charesiertntic)] +in D' whem
V=mean acute slope and Z=Fina!
Acute Intercept

V1 Finel Chronic Value

A. The Final Chronic Value can be
calculated in the same manner as the
Final Acute Value or by dividing the
Final Acute Value by the Final Acute-
Chronic Ratio, depending on the data
availsble. In some cases it will not be
possible to calculate s Final Chronic
Value.

B. Use only the results of flow-tbrough
(except renewal is acceptable for
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daphnids) chronic tests in which the
concentrations of toxicant in the test
solutions were measured.

C. Do not use the results of any
chronic test in which survival, growth,
or reproduction among the controls was
unacceptably low.

D. Chronic values should be based on
endpoints and lengths of exposure
appropriate to the species. Therefore,
only the results of the following kinds of
chronic toxicity tests should be used:

1. Life-cycle toxicity tests consisting
of exposures of each of several groups
of individuals of a species to a different
concentration of the toxicant throughout
a life cycle. To ensure that all life stages
and life processes are exposed. the test
skould begin with embryos or newly
hatched young less than 48 hours old
(less than 24 hours old for daphnids).
continue through maturation and
reproduction, and with fish should end
not less than 24 days {90 days for
salmonids) after the hatching of the next
generation. For fish. data should be
obtained and analyzed on survival and
growth of adults and young. maturation
of males and females. embryos spawned
per female. embryo viability (salmcnids
only) and hatchability. For daphnids,
data should be obtained and analyzed
on survival and young per female.

2. Partial life-cycle toxicity tests
consisting of exposures of each of
several groups of individuals of a
species of fish to 8 different
concentration of the toxicant through
most portions of a life cycle. Partial life-
cycle tests are conducted with fish
species that require more than a year to
reach sexual maturity, so that the test
can be completed in less than 15
months. but still expose all major life
stages to the toxicant. Exposure to the
toxicant begins with immature juveniles
at least 2 months prior to active gonad
development, continues through
maturation and reproduction, and ends
nol less than 24 days (90 days for
salmonids) after the halching of the next
generation. Data should be obtained and
analyzed on survival and growth of
adults and young. maturstion of males
and females. embryos spawned per
female. embryo visbility (salmonids
only) and hatchability.

3. Early-life-stage toxicity tests
consisting of 28- to 32-days (60 days
post-hatch for salmonids) exposures of
the early life stages of a species of fish
from shortly after fertilization through
embryonic, larval, and early juvenile
development. Data should be obtained
and analyred on survival and growth.

E Do not use the results of an early-
life-stage test if results of a life-cycle or
partia] life-cycle test with the same
species are available.

F. A chronic value is obtained by
calculating the geometric mean of the
lower and upper chronic limits from a
chronic test. A lower chronic limit is the
highest tested concentration (1) in an
acceptable chronic test. (2) which did
not cause the occurrence {(which was
statistically significantly different from
the control at p=0.05} of a specified
adverse effect. and (3) below which no
tested concentration caused such an
occurrence. An upper chronic limit is the
lowest tested concentration (1) in an
acceptable chronic test. (2).which did
cause the occurrence (which was
-statistically significantly different from
the contro| at p=0.05} of a specified
adverse effect and (3) above which all
tested concentrations caused such an
occurrence.

Note.—Various suthors have used s
variety of terms and definitions to interpret
the results of chronic tests. so reported
results should be reviewed carefully.

G. If the chronic toxicity of the
substance to aquatic animals has been
adequately shown to be related to a
water quality characteristic such as
hardness for fresbwater organisms or
salinily for saitwater organisms. a Final
Chronic Equation should be derived
based on that water quality
characteristic. Go to Section VI

H. If chronic values are available for
eight species as described in Section IIL
B.1 or IIl. C.1, a species mean chronic
value should be calculated for each
species for which at least one chronic
value is available by calculating the
geometric mean of all the chronic values
for the species. The Final Chronic Value
should then be obtained using the
procedures described in Section IV. I-O.
Then go to Section VI. M.

1. For each chronic value for which at
least one appropriste acute value is
available, calculate an acute-chronic
ratio, using for the numerator the
arithmetic average of the results of all
standard flow-through acute tests in
which the concentrations were
measured and which are from the same
study as the chronic test. If such an
acute test is not available, use for the
numerator the results of a standard
acute test performed at the same
laboratory with the same species,
toxicant and dilution water. If no such
acute test is available, use the species
mean acute value for the numerator.

Note.—If the acute toxicity or chronic
toxicity or both of the substance have been
adequately shown to be related to a water
Zunhry characteristic, the numerator snd the

enominator must be based on tests
performed in the same water. -

J. For each species, calcuate the
species mean acute-chronic ratio as the

geometric mean of all the acute-chronic
ratios available for that species.

K. For some substances the species
mean acute-chronic ratio seems to be
the same for all species. but for other
substances the ratio seems to increase
as the species mean acute value
increases. Thus the Final Acute-Chronic
Ratio can be obtained in two ways,
depending on the data svailable.

1. If no major trend is apparent and
the acute-chronic ratios for a pumber of
species are within a factor of ten, the
final Acute-Chronic Ratio should be
calculated as the geometric mean of all
the species mean acute-chronic ratics
svailable for both freshwater and
saltwater species.

2. If the species mean acute-chronic
ratio seems to increase as the species
mean acute value increases, the value cf
the acute-chronic ratio for species
whose acute values are close to the
Final Acute Value should be chosen as
the Final Acute-Chronic Ratio.

L Calculate the Final Chronic Value
by dividing the Final Acute Value by the
Final Acute-Chronic Ratio.

M. If the species mean chronic value
of an important species. such as a
commercially ot recreationally
important species, is lower than the
Final Chronic Value, then that species
mean chronic value should be used as
the Final Chronic Valvue.

N. Go to Section VIIL

VIl Final Chronic Equalion

A. For each species for which
comparable chronic toxicity values are
available at two or more different
values of a water quality characteristic
which apparently affects chronic
toxicity. perforin a least squares
regression of the natural Jogarithms of
the chronic toxicity values on the
natural logarithms of the water quality
characteristic values. No transformation
or a different transformation may be
used if it fits the data better, but
appropriate changes will be necessary
throughout this section. It is probably
preferable. but not necessary. to use the
same trangformation that was used with
the acute values in Section V.

B. Determine whether or not each
chronic slope is meaningful. taking into
account the range and number of values
of the water quality characteristic
tested. For example. a slope based on
four data points may be of limited value
if it is based only on data for & narrow
range of values of the water quality
characteristic. On the other hand. a
slope based on only two data points
may be meaningful If it is consistent
with other information and if the two
points cover a broad enough renge of
the water quality characteristic. lf &
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meaninghu! chronic slope is not leve) from the FDA Administrative Cummins. K. W_. et al 1073 Peology 84 228~
t least jes. return  Guidelines Manual for fish for th 345.

::.Sj::go;f:;!..}t“’ one specie b ual for fish oil or for the Pesticide Analytical Manual, Volume L Food

C. Calculate the mean chronic slope
(L) as the mthmetic average of all the

PN P 3N RN [ R T T 9. ey |
m‘wu‘ UUUILI‘- IIUPV' AV 4

species.

D. For each species calculate the
geometric mean (M) of the toxicity
valuu nnd the geomeu-ic mean (P) of the
mllm vuues OX uw water q“lu\'y
characteristic.

E For each species calculate the
logarithmic intercept (Q) using the
equation: Q=In M—L(ln P).

F. For each species caicuiate a species
mean chronic intercept as the antilog of
lo}
~'G. Obtain the Final Chronic Intercept
by using the procedure described in
Section [V. I-O, except insert
“Intercept” for “Value".

M 1f the apecies mesn chronic
. al W@ 2poCies mesn caree

ictercept of an important species, such
as a commercially or recreationally
important species, is lower than the
Final Chronic lntercept. then that
'pea" mean uuvnu. uucu.cp\ lbuu}d
be used as the Final Chronic lntercept.
L The Final Chronic Equation is
written as e AJe(Veter quato charveiarsue)] < Y
® where L=mean chroaic slope and
R= Final Chronic Intercept.
Vill. Final Plant Value

A Appropriate measures of the
toxicity of the substance to aguatic
plants are used to compare the relalive
sensilivities of aquatic plants and

animals
afimae:s.

B. A value is a concentration which
decreased growth (as measured by dry
weight, chlorophyll, etc.) in a 86-hr or
longer test with an alga or in & chronic
test with an aquatic vascular plant.

C. Obtain the Final Plant Value by
selecting the lowest plant value from a
test in which the toxicant concentrations
were measured.

IX. Final Residue Volue

A The Final Residue Value is derived
in order to {1) prevent commercially or
recreationally important aquatic
organisms from exceeding relevant FDA
action levels and (2) protect wildlife,
including flabss and birds, that sat
aquatic organisms from demonstrated
adverse effects. A residue valoe is
calculated by dividing a maximum
permissible tissue concentration by an
appropriate bioconcentration factor
{BCF). where the BCT is the quotient of
the concentration of a snbetance in all
or part of an aquatic organism divided
by the concantration in water to which
the organism has been exposed A
uuxmu.m pcrnbdblc tissue

ol o l\-_ PRy gy
tratlon s edther (1) an action

WW'IUU‘

edible portion of fish or shellfish. or (2) a
maximum acceptable dietary intake
based on observations on survival,
growth or reproduction in & chronic
wildlife feeding study. If no maximum
permissible tissue concentration is
available. go to Section X because no
Fina! Residue Value can be derived.

B. 1. A BCF determined in a
laboratory test should be used only if it

was rn‘:—u!a!ed hag.f‘ on m-u-nnr‘

concentrations of the substance in the
test solution and was based on an
exposure that coptinued until either
steady state or z&dnn was reached
alcuuy state is reached when the BCF
does not change significantly over a
period of time. such as two days or 18
percent of the length of the exposure,
whichever is longer. If a steady-state
BCF is not availabie for a species, the
available BCF for the longest exposure
over 28 dnv: should be used for that

species.

2. A BCF from a feld exposure should
be used only when it is known that the
concentration of the substance was
reasonably constant for a long enough
peniod of time over the range of temitory
inhabited by the organisms.

3. 1f BCF values fram field exposures
are consistently lower or higher than
those from laboratory exposures, then
only those values from field exposures
should be used if possible

4. A BCF should be calculated based
on the concentration of the substance
and its metabolites, which are
structurally similar and are not much
more soluble in water than the parent

compound. in appropriate tissue and
should be corrected for the

wRLuia DR LTt

concentration in the organisms at the
beginning of the test.

5. A BCF value obtained from a
laboratory or field exposure that caused
an observable adverse effect on the test
organism may be used only if it is
similar to that obtained with unaffected
organisms at lower concentrations in the
same test.

8. Whenever a BCF is determined for
a lipid-soluble substance, the percent

Upids should also be determined i the

" tissue for which the BCF was calculated.

C. A BCF calculated using dry tissue
weights must be converted to & wet
tissue weight basis by multiplying the
dry weight BCF vajue by 0.1 for -
plankton and by 0.2 for individual

='y‘"de= c" .-‘Ae &n.‘ Inu-—'-hn.--

Note.—The values of 0.2 and 0.1 were
derived from data published in:
McDifTett, W. F. 1970 Ecology 51975-863.
Drochcm R W ot al 1968 |. Wildlife

Mlnl'ImCl’ll I&dd=7

aomd MNovie Adooimiasestlas
WIS MTUG AL U S U DT 1508

Love, R M., 1867. In The Physiology of Fishes.
Vol L M E Brown. ed Academic Press.
New York. p. 411.

Ruttner, F.. 1983. Fundamentals of Limnology
3rded Trens. by D. G. Preyand F. E | Fny
Univ. of Toronto Press. Toronto.

Sotme sdditional values can be found in
gnnhhnrm C. D. 1087, The Riology of

Aqudc Vascular Plants. Arnold Publishung
Lid., London.

D. If enough pertinent data exist,
lcvenl residue values can te calculated
Dy (unu‘u‘li maximum ﬁéﬁiiswlc tissue
concentretions by appropriate BCF
values.

1. For each available maximum
acceptable dietary intake derived from a
chronic feeding study with wildiife.
including birds and agquatic organisms
the appropriate BCF is based on the
whole body of aquatic species which
constitute or represent a major poruon
of the diet of the tested wildlife species.

2. For an FDA sction level, the
npvr\m?nnﬂo BCF ie the hmh-ﬂ geometric
mean species BCF for the edible portion
{muscle for decapods. muscle with or
without skin for fishes, adductor muscle
for scallops and tota] living tissue for

vk oo Wt luas emalliiana) Af o cmc oo

OUIer UIVaIvVE TAOUUSCS ] 01 & consumed
species. The highest species BCF is used
because FDA action levels are applied
on a species-by-species basis.

E. For lipid-soluble substances. it may
be possibie io caicuiate additionai
residue values. Because steady-state
BCF values for a lipid-soluble chemical
seem to be propomonal to percent hipids
from one tissue to another and from one
species to another, extrupolations can
be made from tested tissues or sp:cies
o untested tissues or species on the
basis of percent lipids.

1. For each BCF for which the percem
lipids is known for the same tissue for
which the BCF was measured. the BCF
should be normalized to & one perceni
lipid basis by dividing the BCF by the

percent lipids. This adjustment to a one

pcrcenl lipid basis makes all the
measured BCF values comparable
regardiess of the species or tissue for
which the BCF was measured.

2 Csalculate the geometric mean
normalized BCF. Data for both saltwater
and freshwater species can be used to
determine the mean normalized BCF,
because the normalized BCF seems to
be sbout the same for both kinds of
organisms.

8 Residue values can then be
calculated by dividing the maximum
permissible tissus concentrations by the
mean normalized BCF and by a percent
lipids v.lue appropriate 1o the maximum

pemuulole tissue GOHCEDU'IUUH ie.
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Residue Value » (maximum permissible tissue concentration)

(mean normalized BCP)(appropriate perceat lipids)

a. For an FDA action level for fish oil,
the appropriate percent lipids value is
100.

b. For an FDA action leve! for fish, the
appropriate percent lipids value is 15 for
freshwater criteria and 16 for saltwater
criteria because FDA action levels are
applied on a species-by-species basis to
commonly consumed species. The edible
portion of the freshwater lake trout
averages about 15 percent lipids. and
the edible portion of the saltwater
Atlantic berring averages about 18
percent lipids (Sidwell, V. D., et al. 1974
Composition of the Edible Portion of
Raw (Fresh or Frozen) Crustaceans,
Finfish, and Mollusks. 1. Protein, Fat,
Moisture, Ash, Carbohydrate. Energy
Value, and Cholesterol. Marine Fisheries
Review 36:21-35).

c. For 8 maximum acceptable dietary
intake derived from a chronic feeding
study with wildlife, the appropriate
percent lipids is the percent lipids of an
aquatic species or group of aguatic
species which constitute a major portion
of the diet of the wildlife species.

F. The Final Residue Value is
obtsined by selecting the lowest of the
available residue values. It should be
noted that in many cases the Final
Residue Value will not be low enough.
For example, a residue value calculated
from an FDA action level would result in
an average concentration in the edible
portion of a fatty species that is at the
action level. On the average half of the
individuals of the species would have
concentrations above the FDA action
level. Also. the results of many chronic
feeding studies are concentrations that
cause adverse effects.

X. Other Data

Pertinent information that could not
be used in earlier sections may be
available concerning adverse efiects on
aquatic organisms and their uses. The
most important of these are data on
flavor impairment, reduction in survival,
growth, or reproduction, or any other
adverse effect that bas been shown to
be biologically significant. Especially
importagt are data for species for which
no other data are available. Data from
behavioral. micorcosm, field, and
physiological studies may also be
available.

Xl Criterion

A The criterion consists of two
concentrations. one that should not be

exceeded on the average in a 24-hour
period and one that should not be
exceeded at any time during the 24-hour
period. This two-number criterion is
intended to identify water quality
conditions that should protect aquatic
life and its uses from acute and chronic
adverse effects of both cumulative and
noncumulstive substances without being
as restrictive as a one-number criterion
would bave to be to provide the same
degree of protection.

B. The maximum concentration is the
Final Acute Value or is obtained from
the Final Acute Equation.

C. The 24-hour everage concentration
is obtained from the Final Chronic
Value. the Final Plant Value, and the
Final Residue Value by selecting the
lowest available value, unless other
data (see Section X) from tests in which
the toxicant concentrations were
measured show that a lower value
should be used. If toxicity is related to a
water quality characteristic, the 24-hour
average concentration is obtained from
the Final] Chronic Equation, the Final
Plant Value. and the Final Residue
Value by selecting the one that results in
the lowest concentrations in the normal
range of the water quality characteristic,
unless other data (see Section X) from
tests in which the toxicant
concentrations were measured show
that a lower value should be used

D. The criterion is (the 24-hour
average concentration) as a 24-hour
average and the concentrstion should
not exceed (the maximum
concentration) at any time.

XII. Review

A. On the basis of all available
pertinent laboratory and field
information, determine if the criterion is
consistent with sound scientific
evidence. If It is not, another criterion,
either higher or lower, should be derived
using sppropriate modifications of the
Guidelines.

These Guidelines were written by
Charles E Stepban, Donald L Mount,
David ]. Hansen, John H. Gentile, Gary
A. Chapman and Willlam A. Brungs of
the U.S.EP.A. Environmental Research
Laborstories in Corvallis, Oregon.
Duluth, Minnesots, Gulf Breeze, Florida,
and Narragansett, Rhode Island.
Numerous other people, many of whom
do not work for U.S.EPA., provided
assistance and suggestions.

Appendix C-Guidelines and
Methodology Used in the Preparstion of
Health Effect Assessment Chapters of
the Consent Decree Water Criteria
Documents

1. Objective

The objective of the health effect
assesament chapters of the ambien!
water criteria documents is to est:mate
ambient water concentrations which do
Dot represent a significant risk to the
public. These assessments should
constitute a review of all relevant
information on individua!l chemicals or
chemical classes in order to derive
criteria that represent. in the case of
suspect or proven carcinogens. various
levels of incremental cancer risk. or. in
the case of other pollutants. estimates of
no-effect levels.

Ideally, ambient water quality cnteria
should represent levels for compounds
in ambient water that do not pose a
hazard to the human population.
However, in any realistic assessmen:! of
human health hazard, a fundamen:al
distinction must be made between
absolute safety and the recognition of
some risk. Criteria for absolute safety
would have to be based on detailed
knowledge of dose-response
relationships in bumans, including a!l
sources of chemical exposure, the types
of toxic effects elicited. the existence of
thresholds for the toxic effects, the
significance of toxicant interactions, and
the variances of sensitivities and
exposure levels within the human .
population. In practice. such sbsolute
criteria cannot be established because
of deficiencies in both the available data
and the means of interpreting this
information. Consequently. the
individual human health effects chapters
propose criteria which minimize or
specify the potential risk of adverse
human effects due to substances in
ambient water. Potential social or
economic costs and benefits are not
considered in the formulation of the
criteria

I. Types of Criteria

Ambient water quality criteria are
based on three types of biological
endpoints: carcinogenicity. toxicity (i.e.,
all adverse effects other than cancer).
and laptic effects.

For E of deriving ambient
water qnm‘t‘crh. carcinogenicity is
regarded as a non-threshold
phenomenon. Using this assumption,
“safe” or “po effect” levels for
carcinogens cannot be established
because sven extremely small doses
must be assumed to slicit a finite
incresse In the incidencs of the
response. Consequently, water quality
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criteria for carcinogens are presented as
s range of pollutant concentrations
associsted with corresponding
incremental risks.

For compounds which do not manifest
any spparent carcinogenic effect. the
threshold assumption is used in deriving
a criterion. This essumption is based on
the premise that a physiological reserve
capacity exists within the organism
which is thought to be depleted before
clinical disease ensues. Alternatively, it
may be assumed that the rate of damage
will be insignificant over the life span of
the organism. Thus, ambient water
quality criteria are derived for non-
carcinogenic chemicals, and presumably
result in no observable-adverse-effect
levels (NOAELs) (n the exposed human
population.

In some Instances, criteria are based
on organoleptic characteristics, Le.,
thresholds for taste or odor. Such
criteria are established when
insufficient information {s available on
toxicologic effects or when the estimate
of the level of the pollutant in ambient
water based on organoleptic effects s
lower than the level calculated from
toxicologic data. It should be recognized
that criteria based solely on
organoleptic effects do not necessarily
represent approximations of acceptable
risk levels for human health

Several ambient water quality criteria
documents deal with classes of
compounds which include chemicals
exhibiting varying degrees of structural
similarity. Because prediction of
biological effects based solely on
structural parameters is difficult, the
derivation of compound-specific criteria
is preferable to a class criterion. A
compound-specific criterion is defined
as a level derived from data on each
individual subject compound that does
not represent a significant risk to the
public. For some chemical classes,
however, a compound-specific criterion
cannot be derived for each member of &
class. In such instances, it is sometimes
fustifiable to derive a class criterion in
which available data oo one member of
a class may be used to estimate criteria
for other chemicals of the class because
a sufficdent data base is not available
for those compounds.

For some chemicals and chemical
classes, the data base was judged to be
insufficient for the derivation of a
criterion. In those cases, deficieacies in
the available information are detailed

1. Approoch

The buman bealth effects chapters
sttempt to summarize all information on
the individual chemicals or classes of
chemicals which might be useful in the
risk assessment process to develop

water quality criteria. Although primary
smphasis is placed on identifying
epidemiologic and toxicologic data,
these assessments typically contain
discussions on four topics: existing
levels of buman exposure,
pharmacokinetics, toxic effects. and
criterion formulation.

For all documents, an attempt {s made
to include the known relevant
information. Review articles and reports
are often used in the process of data
evaluation and synthesis. Scientific
judfnent is exercised in the review and
evaluation of the data in each document
and in the identification of the adverse
effects against which protective criteria
are sought In addition. each of these
documents is reviewed by a peer
committee of scientists familiar with the
specific compound(s). These work
groups evaluate the quality of the
available data, the completeness of the
data summary. and the validity of the
derived criterion.

In the analysis and organization of the
data, an sttempt is made to be
consistent with respect to the format
and the application of acceptable
scientific principles. Evaluation
procedures used in the hazard
assessment process follow the principles
outlined by the National Academy of
Sciences in Drinking Water and Health
(1977) and the guidelines of the
Carcinogen Assessment Group of the
US EPA

A Exposure

The exposure section of the health
effects chapters reviews known
information on current levels of human
exposure to the individual pollutant
from all sources. Much of the dats was
obtained from monitoring studies of air,
water, food. soil, and human or animal
tissue residues. The major purpose of
this section is to provide background
information on the contribution of water
exposure relative to all other sources.
Consequently, the exposure section
includes subsections reviewing different
routes of exposure including water and
food ingestion, inhalation, and dermal
contact .

Information on exposure can be
valuable in developing and assessing a
water quality criterion. In these
documents exposure from consumption
of contaminated water and
contaminated fish and shellfish products
is used in criterion formulation. Data for
all modes of exposure are useful in
relating total intake to the expected
contribution from contaminated water,
fish, and shelifish. In addition,
information for all routes of exposurs,
not limited to drinking water and fish
and shellfish ingestion, can be used to

justify or sssess the feasibility of the
formulation of criteria for ambient
water.

The use of ish consumption as an
exposure factor requires the
quantitation of pollutant residues in the
edible portions of the ingested species.
Accordingly, bioconcentration factors
(BCF's) are used to relate pollutant
residues in aquatic organisms to the
pollutant concentration in the ambient
waters in which they reside.

To estimate the average per capila
intake of a pollutant due to consumption
of contaminated fish and shellfish the
results of a diet survey were analyzed 1o
calculate the average consumption of
freshwater and estuarine fish and
shelifish (U.S. EPA, 1880). A species is
considered to be 8 consumed freshwate:
or estuarine fish and shellfish species ./
at some stage in its life cycle. it is
harvested from fresh or estuarine water
for buman consumption in significant
quantities (Stephan. 1980).

Three different procedures are used to
estimate the weighted average BCF
depending upon the lipid solubility of
the chemical and the availability of
bioconcentration data.

For lipid-soluble compounds. the
average BCF is calculated from the
weighted average percent Lipids in the
edible portions of consumed freshwater
and estuarine fish and shellfish which
was calculated from data on
consumption of each species and its
cotresponding percent lipids to be 3.0
percent {Stepban, 1980). Because the
steady-state BCFs for lipid-soluble

" compounds are proportional to percent

lipids, bioconcentration factors for fish
and shellfish can be adjusted to the
average percent lipids for aquatic
organisms consumed by Americans. For
many lipid-soluble pollutants, there
exists at least one BCF for which the
percent lipid value was measured for the
tissues for which the BCF is determined.
With 3.0 percent as the weighted
average percent lipids for freshwater
and estuarine fish and shellfish in the
average diet, s BCF, and a
corresponding percent lipid value. the
weighted sverage bioconcentration
factor can be calculated
Example:
Weighted average percent lipids for
average diet= 3.0 percent
Measured BCF of 17 for
trichloroethylene with bluegills at
4.8 percent lipids
Weighted average BCF for aversge
diet equals

17 x 3.0% - 10.6
4.8%
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As an estimate. 10.6 is used for the
BCF.

In those cases where an appropriate
bioconcentration factor is not available,
the equation “Log BCF =[085 Log P)-
0.70" can be used (Veith. et al. 1979) to
estimate the BCF for squatic organisml
containing about 7.8 percent
(Veith. 1980) from the octanolfwater

sartition coafficieant P. An adiustmean!
paruicn coellicient £ An adjusagnen:

for percent lipids in the average diet
versus 7.6 percent {s made in order to
derive the weighted average
bloconcentratxon factor.

PRSI R SO 1 I R I\ .

rul non- uplu lu}ub}c LUH]FUUI)d‘ [¥¥] -
available BCFs for the edible portion of
consumed freshwater and estuarine fish
and shellfish are weighted according to
consumption factors to determine a
weighied BCF representative of the
average diet.
B. Pharmacokinetics

This section summarizes the available
information on the absorption,
distribution, metabdlism. and
elimination of the compound{s) in
humans and experimental mammals.
Conceptually, such information is useful
in vaiidation of inter- and intraspecies
extrapolations. and in charactenzing the
modes of toxic action Sufficient

information on absorption and excretion
in animals, together with & knowledge of
ambient concentrations in water, food,

and air. could be useful in estimating
hads husdame Af chamirale in tha hiiman

vvu" ourdens o Qnemica:s Lo Wie owmnan -

population. Distribution data which
suggest target organs or tissues are
desirable for interspecies comparison
techniques. In terms of the derivation of
criteria, pharmacokinetic data are
essential to estimate equivalent.oral
doses based on data from inhalation or
other routes of exposure.

C. Effects

LSS

Thls section summarizes information
on biological effects in both humans and
experimental mammals resulting in:
acute. subacute. and chronic toxicity,
synergism and/or antagonism,
tentogenicity mutagenicity, or
cai bulu;cuwuy

The major goal of this section is to
survey the suitability of the data for use
in assessment of hazard and to
determine which biological end-point.
i.e., non-threshoid. threshoid, or
organoleptic, should be selected for use

in criterion formulation

Becsuse this section attempts to
assess potential human heaith effects,
data on documented human effects are
thoroughly evaluated However, several
factors inbersant in buman
epidemiological studies usually preclude
the use of such data in generating water

quality criteria. These probhml. as

summarized by the Nationa! Academy
of Sciences (NAS, 1877) are as follows:

1. Epidemiology cannot tell what
effects a material will bave until after
humens have been exposed. One must
not conduct what might be hazardous
experiments on man.

2. If exposure bas been ubiquitous, it
may be impossible to assess the effects

of a material, because there is no

unexposed control group. Statistics of
morbidity obtained before use of a new
material can sometimes be useful, but
when latent perlods are vannble nnd

—— S b L 4 —— s

u.u:c) Uf uxuuuu&.uuu -"U rculuvlu Ul
malerials overlap, historical data on
chronic effects are usually
unsatisfactory.

3. 1tis ulually dxfﬁcult to determine

UUSCS u1 numun exXposures.

4. Usually, it is bard to identify small
changes in common effects. which may
nonetheless be important if the
population Is large.

3. Interactions in a “nature-designed™
experiment usually cannot be
controlled.

Although these problems often
prevent the use of epidemiological data
in quantitative risk assessments,

qualitative similarities or differences
hetween documentad effecte in humane

MOIMACON LULRAANSEANC SIS Wt e

and observed eflects in experimental
mammals are extremely useful in testing
the validity of animal-to-man
extrapolations. Co:uequendx, in each
case. an attempt is made to identify and
utilize both epidemiologic and animal
dose-response data. Criteria derived
from such a confirmed data base are
cog:ide.red 1o be relial?l‘e. .

The decision io establish a criierion
based on a non-threshold model is made
after evaluating all available
information on carcinogenicity and
supportive information on mutagenicity.
The approsch and conditions for the
qualitative decision of carcinogenicity
are outlined in the U.S, EPA Interim
Cancer Guidelines (41 FR 21402). in a
report by Albert. et al. (1877), and in the
Interagency Regulatory Lisison Grou
{IRLG) guidelinu on carcinogenic risks

ITRI N a9 10 8a accwemad shos o
(UNLAY, 1D/ F). IL 1D BIPULLLTEU WEL 8

substance which induces « statistically
significant carcinogenic response in
animals has the capacity to cause
cancer in humans. A chemical which
bas not induced a significant cancer
response in humans or experimental

animals {s not {dentifad an a

carcinogen, evep though its metabolites
ot close structural analogues might
induce a carcinogenic response or it was
shown 10 be mutagenic in an in vitro
sysiem.

It is recognized that some potential
human carcinogens may not be

jdentified by the guidelines given above.

For exaraple. compounds for which
there is plausible but weak qualitative
evidence of carcinogenicity in
experimental animal systems (such as

Aata bun alefom maimti abea
\dllﬂ 1) Ulll mvu" -Mll y-llllllls Vl IU Iul

A mouse pulmonary adenoma) would be
included in this category. The derivation
of a criterion for hurnan consumption
from these |tudiel in not valid.
regardless of the qualitative outcome. In
addition. there are certain compounds
(e.g.. nickel and beryllium) which were
shown to be carcinogenic in humnans
after inhalation exposure by chemica!
form. but have induced thus far no
response in animals or humans via
ingestino their soluble salte

l@eTislg Wt TR VIT emete

Nevertheless. a non-threshold criterion
is developed for beryllium because
tumors have been produced in animals
at a site removed from the site of

Arnimiatnatioam: v ammbace [1 o N
aGmMinisTauon in ‘-UII.LTI)\ & UHCSA

criterion is recommended for nicke!
because there is no evidence of tumors
el sites distant resulting from
administration of nicke! solutions by
either ingestion or injection

For those compounds which were not

reported lo induce carcinogenic elfects

or for those compounds for which
carcinogenic data are lacking or
insufficient, an attemp! is made 1o
estimate a no-eﬁect level. In many
I'ESPEC“ U‘IE nuum EVIIUUUOE u’t’u’x’x
these studies is similar to that of
bioassays {or carcinogenicity. In order
to more closely approximate conditions
of buman exposure, preference is given
to chronic studies involving oral
exposures in water or diet over a

-ngrnru--nl nwn—hnn n' 0\\- =n'm.! Lf‘

span. Greatest conﬁdcnce is placed in
those studies which demonstrate dose-
related adverse effects as well a3 no-
effect levels.

There is considerable variability in
the biological endpoints used to define a
no-effect level. They may range from
gross effects, such as mortality, to more
subtle biochemical. physiological. or
pathological changes. Teratogenicity.
reproductive {npairment, and
behavioral effects ars significant toxic
consequences of environmental
contamination. In instances where
carcinogenic or other chronic effects
occur at exposure levels below those
causing teratogenicity, reproductive
impairment, or behavioral effects. the

former are nsed in davivina tha sriterion

s e T T e WSV MAJ WIS W Tl IV

For most of the compounds evaluated
thus far, teratogenicity and reproductive
impairment occur st doses near
maximum tolerated levals with don
administration schedules well above
estimated environmental exposure

levels. Moreover. information on

behavioral effects, which could be of

14
giQ
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significance, is not available for most of
the compounds under study.
Consequently, most NOAELs derived
from chronic studies are based either on
gross toxic effects or on effects directly
related to functional impairment or
defined pathological lesions.

For compounds on which adequate
chronic toxicity studies are not
available, studies on acute and subacute
toxicity assume greater significance.
Acute toxicity studies usually involve
single exposures at lethal or near lethal
doses. Subacute studies often involve
exposures exceeding 10 percent of the
life span of the test organism, e.g.. 90
days for the rat with an average life
span of 30 months. Such studies are
useful in establishing the nature of the
compound’s toxic effects and other
parameters of compound toxicity, such
as target organ effects. metabolic
behavior, physiological/biochemical
effects. and patterns of retention and
tissue distribution. The utility of acute
and subacute studies in deriving
environmentally meaningful NOELSs is
uncertain, although McNamara (1976)
has developed application factors for
such derivations.

In some cases where adequate data
are not available from studies utihizing
oral routes of administration. no-effect
«evels for oral exposures may be
~stimated from dermal or inhalation
<tudies. Such estimates involve
approximations of the total dose
administered based on assumptions
about breathing rates and/or magnitude
of absorption.

D. Crﬂen'on Rationcle

This section reviews existing
standards for the chemical(s).
summarizes data on current levels of
human exposure, attempts to identify
special groups at risk. and defines the
basis for the recommended criterion.

Information on existing standards is
included primarily for comparison with
the proposed water quality criteria.
Some of the present standards, such as
those recommended by the
Occupational Safety and Health
Administration (OSHA)or the American
Conference of Governmental Industrial
Hygienists (ACGIH). are based on
toxicologic data but are intended as
acceptable levels for occupational
rather than environmenta! exposure.
 her lavels, Such as those

ommended by the National Academy
ciences in Drinking Water and
. 2th (1977) or in the U.S. EPA Interim
. .mary Drinking Water Standards, are
more closely relsted to proposed water
30!“!)’ criteria. Emphasis is placed on
etailing the basis for the existing
standards wherever possible.

Summaries of current levels of human
exposure, presented in this section,
specifically address the suitability of the
data to derive water quality criteria. The
identification of special groups at risk,
either because of geographical or
occupational'differences in exposure or
biological differences in susceptibility to
the compound(s), focuses on the impact
that these groups should have on the
development of water quality criteria.

The basis for the recommended
criteria section summarizes and
qualifies all of the data used in
developing the criteria.

IV. Guidelines for Criteria Derivation

The derivation of water quality
criteria from laboratory animal toxicity
data is essentially a two-step procedure.
First, a total daily intake for humans
must be estimated which establishes
either a defined leve! of risk for non-
threshold effects or a no-effect level for
threshold effects. Secondly, assumptions
must be made about the contribution of
contaminated water and the
consumption of fish/shellfish to the total
daily intake of the chemical. These
estimates are then used to establish the
tolerable daily intake and consequently
the water quality criterion.

A. Non-Threshold Effects

After the decision has been made that
8 compound has the potential for
causing cancers in humans and that
data exist which permit the derivation
of a criterion, the water concentration
which is estimated to cause a lifetime
carcinogenic risk of 107* is determined.
The lifetime carcinogenicity risk is the
probability that a person would get
cancer sometime in his or her life
assuming continuous exposure to the
compound. The water conceritration is
calculated by using the low-dose
extrapolation procedure proposed by
Crump (1960). This procedure is an
improvement on the multistage low dose
extrapolation procedure by Crump, et al.
(1977).

The data used for quantitative
estimates are of two types: (1) lifetime
animal studies, and (2) human studies
where excess cancer risk has been
associated with exposure to the agent,
In animal studies it is assumed, unless °
evidence exists to the contrary, that il a
carcinogenic response occurs at the
dose levels used in the study, then
proportionately lower responses will
also occur at all lower doses, with an
incidence determined by the
extrapolstion model discussed below.

1. Choice of Model.

There is no really solid scientific basis
for any mathematical extrapolation
model which relstes carcinogen

exposure to cancer risks at the
extremely low levels of concentraticn
that must be dealt with in evaluating the
environmental hazards. For practical
reasons, such low levels of risk cannot
be measured directly either using anima!
experiments or epidemiologic studies
We must, therefore, depend on our
current understanding of the
mechanisms of carcinogenesis for
guidance as to which risk model to use.
At the present time, the dominant view
of the carcinogenic process involves tre
concept that most agents which cause
cancer also cause irreversible damage *
DNA. This position is reflected by =~
fact that a very large proportion of
agents which cause cancer are also
mutagenic. There is reason to expec!
that the quantal type of biologica!
response that is characteristic of
mutagenesis is associated with a line .
non-threshold dose-response
relationship. Indeed. there is substant.a;
evidence from mutagenesis studies w.:h
both ionizing radiation and with a wide
variety of chemicals that this type of
dose-response model is the appropriate
one to use. This is particularly true a:
the lower end of the dose-response
curve: at higher doses. there can be ar.
upward curvature, probably reflecting
the effects of multistage processes on
the mutagenic response. The linear non-
threshold dose-response relationship is
also consistent with the relatively few
epidemiological studies of cancer
responses to specific agents that contain
enough information to make the
evaluation possible (e.g.. radiation-
Induced leukemia, breast and thyroid
cancer, skin cancer induced by arsenic
In drinking water, and liver cancer
induced by aflatoxin in the diet). There
is also some evidence from an:mal
experiments that is consistent with the
linear non-threshold hypothesis (e.g..
liver tumors induced in mice by 2-
acetylaminofluorene in the large scale
ED,, study at the National Center of
Toxicological Research, and the
Initiation stage of the two-stage
carcinogenesis model in the rat liver and
the mouse skin).

Because it has the best, albeit limited,
scientific basis of any of the current
mathematical extrapolstion models. the
linear non-threshold model has been
adopted as the primary basis for risk
extrapolation to low levels of the dose-
response relationship. The risk
assessments made with this model
should be regarded as conservative,
representing the most plausible upper
limit for the risk: i.e., the true risk is not
likely to be higher than the estimate, but
it could be smaller.
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The mathematical formulation chosen
to describe the linear, non-threshold
dose-response relationship at low doses
is the lmproved multistage model
developed by Crump {1980}). This model
employs enough arbitrary constants to
be able to £t almost any monotonically
increasing dowrespom data and it
incorporates a procedure for estimating
the largest possible linear slope (in the
95 percent confidence limit sense} at low
exirapolaied doses that is consistent
with the deta st all dose levels of the
oyPnnm-nl For this reason. it may be
called a “linearized” multistage mode).

2. Procedure of Low-Dose
Extrapolation Based on Animal
Carcinogenicity Data.

A. Description of the Extrapolation
Model

Let P(d) represent the lifetime risk
{probability) of cancer at dose d. The

multietage mode! has the form

Ui UsiRgs UL USe s

Pld)=1-exp [~(qe+q.d +q:d’+. .

........

- +qud')]

q.>0. andi=0.1.2.. .k
Equivalently,
Ald)=1-exp[{-(q.d+q.d?+

-~ +qd))

A(d) - Pld\ nl-\’
1 - P(o)

is the extra risk over background rate at
The point estimate of the coefficients
Q.i=01,2. ..,k and consequently
the extra risk function A{d) st any given
dose d. is calculated by maximizing the
fikelihood function of the data.
The point estimate and the 95 percent

PRy, oo a Yol awtea 2.l

UPPET WNIUEHCC 1 Ul uxe TAUSR IIBA
A(d) arc calculated by using the
computer program GLOBAL 79
developed by Crump and Watson (1979).
Upper 85 percent confidence limits on
the extrs risk and lower 95 percent
confidence limits on the dose producing
8 given risk are determined from . 5
percent upper confidence Uimit. q,°, on

Whanaver Qi -f) at lnm
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doses extrs risk A(d) bas approximately
the form A(d)=g, xd. Therelore, g, xd
is a 85 percent upper confidence limit on
the extra risk and R/q." is a 95 percent
lower confidencs limit on the dose
producing an extra risk of R. Let Lo be

[} T S P ) R DR I3 798 S gy |
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function. The upper limit q,*

calculsted hnv increasing q, ln a value

q," such that when the log-likelthood s
again maximized subject to this fixed
value q.° for the linear coeflicient, the
resulting maximum value of the log-
likelihood L« satisfies the equation
2(Le—L )= 270554

where 2.70554 is the cumulative 90
percent point of the chi-square
distribution with one degree of freedom,
whxch comapondx toa 95 penccnt opper

limit {one-sided). This approach of

computing the upper confidence limit for

the sxtra risk Ald) is an improvement on

the Crump, et al (1977) model. The
upper confidence limit for the extra risk
calculated at low doses Is always linear.
This is conceptually consistent with the
linesr nonthreshold concepi discussed
earlier. The slope q,* i3 taken es an
upper haound of the potency of the

chemical in inducing cancer at low
doses.

In fitting the dose-response model, the
number of terms in the polynomial g is
chosen equal to (h-1), where h is the
number of dose groups in the

.\rnnnmnn! includina the rnnhn' aroun
expernt g W@ LoOnTe. L)

Whenever the multistage model does
not fit the data sufficiently, data at the
highest dose is deleted and the model is
refitted to the rest of the data. This is
continued until an acceptabie fit to the
data is obtained. To determine whether

arnnat a Bt ie amnna
Vi MUL & L 19 BwLT

il asstaslataas

ntakla the chi-sguare
ylﬂul‘

\i“‘l‘
statistic
h
X2 = (X{ - N,Pi)z
NiPy (1 - Py)
=1 :

is calculated. where N, is the number of
animals in the i** dose group, X is the
number of animals in the i** dose group
with a tumor response, P, is the
probability of a response in the i*® dose
group estimsted by fitting the multistage
model to the data. and h is the number
of remaining groups.

The fit h delermined to be

uu!u.cp\luu WDEHCVUY cm lqul.rc ‘A'j

is larger than thecumulative 99 percent
point of the c}n--nunm distribution with

f degrees of freedom. where f equals the
number of dose groups minus the
number of non-zero multistage
coeflicients.

3. Selection and Form of Data used to
Estimate Parameters in the

Ewtrannlatian Madal

Extrapolatios Modsl
For some chemicals, several studies in
different animal species, strains. and
sexes sach conducted at several doses
and different routes of ¢ are
available. A choice must be madas as to
which of the dats sets from several

P IRy Vi WIUPiy. (¥ iy Wpphy I BN 7N P
ﬂumumwwnuumuumouu.uu

also necessary to correct for metabolism
differences between species and for

differences in nboorpuon via different
routes of administration. The
procedures, listed below, used in
evaluating these data are consistent
with the estimate of a maximam-iikely-
risk.

a. The tumor incidence data are
separated sccording to organ sites or
tumor types, The set data (i.e. dose and
tumor lncidcncc) used in the model is
set where the incidence is statistically
significantly higher than the contro! for
at jeast one test dose level and/or
where the tumor incidence rate shows s
statistically eignificant trend with
respect to dosa level The data set which
gwea the Nghnl esumate of Lifetime”
carcinogenic risk q:* is selected in most
cases. However, efforts are made to
exclude data sets which produce
spuriously high risk estimates because
of a small number of animals. That :s. if
two sets of data show s similar dose-
response relatiomhxp and one kes 8
very smwall sample size. the set ¢f data
which bas the larger sample size s
selected for calculating the carc:nogenic
potency

b. If there are two or more data sets of
comparabie size which are identica!
with respect to species. strain, uex and

e H I Y Y vyeagy e

uuuux 'l\:‘ WU FUH!:U l\- nivall Ll qx »
estimated from each of these data sets is
used for risk assessment. The geome!sic
mean of numbers A, Ay.. . . LA it
defined as (A xXAux . .. XAL)' "

¢ If sufficient data exist for two ¢
more ugmﬁc&nt tumor mes in lhe same
lluuy‘ E nu.mwr UX lﬂlml.l’ WHC at
least one of the specific tumor sites
under consideration is used as inc:dence

data in the model

d Following the suggestion of Mantel
and Schaeiderman (1975). we assume
that mg/surface area/day is an
equivalent dose between species. Since
to s close approximation the surface
ares iz nronortional 1o the Yerde power

LT E ST PPV WV ame TeaAS

of the weight as would be the case fora
perfect sphere, the exposure in mg/¥.rds
power of the body weight/day is
similarly considered to be an equivalent
exposure. in ap animal experiment. this
equivalent dose is computed in the

fallavdon mannam
ICUVWULE Tiesuuer.

Let

1 eduratian af avrnamiman?
e=qurstion ol expenmen!

|, =durstion ol exposure

m = average dose per day in mg during )
cdmamu‘:: o;{the agent [i.e.. during L}

W-m waeight of the experimental

Then, the lifetime average exposure is
ie Xxm

TmSLm—TT

le x WS/3

\Oﬁ:n pmonum are not D)\'Dh in units

of mg/day., "and it becomes n Decessary to
convert the given exposures into mg/
day. For example, in most feeding
studies, exposure is expressed as ppm in
the diet In this case the exposure {mg/
day) is derived by: m=ppm x F x ¢

d =
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where ppm is parts per million of the
carcinogenic agent in the diet, F is the
weight of the food consumed per day in
kgms, and r is the absorption fraction.
in the absence of any data to the
contrary, r is assumed to be one. For a
uniform diet the weight of the food
consumed is proportional to the calories
required, which, in turn, is proportional
to the surface area or the %rds power of
the weight, so that: mappm X W ?xr or

m_ pem
rw/3

As a result, ppm in the diet is often
assumed to be an equivalent exposure
between species. However, we fee] that
this is not justified since the calories/kg
of food is significantly different in the
diet of man vs. laboratory animals,
primarily due to moisture content
differences. Instead, we use an
empirically derived food factor, f=F/W,
which is the fraction of a species body
weight that is consummed per day as
food. We use the rates given below.

Spsces w 1
Man 70 002
Rat 038 005
Mece o o1

Thus. when the exposure is given as a
certain dietary concentration in ppm. the
exposure in mg/W? %is

m - pom x F .

EEEL%{%fﬂ = ppmx f x Wl/3
we/

When exposure is given in terms of
mg/kg/day=m/Wr =3 the conversion is
simply:

.._m_ s X Hl/3
rwll/3

When exposure is via inhalation. the
calculation of dose can be considered
for two cases where (1) the carcinogenic
agent is either s complstely water-
solubie gas or an aerosol and is
absorbed proportionally to the amount
of air breathed in, and {2) whers the
carcinogen is a poorly water-soluble gas
which reaches an equilibrium between
the sir breathed and the body
com epts. After equilibrium is
reached. the rate of absorption of these
agents is expected 10 be proporticnal to
metabolic rate, which in turn is
proportional to the rate of oxygen
consumption, which in turn is & function
of surface ares.

Case 1

Agents that are in the form of
particulate matter or virtually
completely absorbed gases such as SO,
can reasonably be expected to be
absorbed proportional to the breathing
rate. In this case the exposure in mg/day
may be expressed as: m=IxvXr where
lis inhalstion rate per day inm? v is
mg/m? of the agent in air, and r is the
absorption fraction.

The inhalation rates. L for various
species can be calculated from the
observation (FASEB, 1874) that 25 gm
mice breathe 34.5 liters/day and 113 gm
rats breathe 105 liters/day. For mice and
rats of other weights, W, (expressed in
kg). the surface area proportionality can
be used to determine breathing rates (in
m?*/day) as follows:

For mice, 1 =0.0345 [W/0.025)% *m?/
day

For rats, I =0.105 (W/0.113)* 3m?/day

For humans, the values of 20 m?*/day*
is adopted as a standard breathing rate
(ICRP. 1977).

The equivalent exposure in mg/W*¥?
for these agents can be derived from the
air intake data in a way analogous to
the food intake data. The empirical
factors for the air intake per kg per day,
i=1/W based upon the previously stated
relationships, are as tabulated below:

Spe w I-wll
Mar 7 02
Rat 038 0484
Mice o 13

Therefore. for particulates or completely
absorbed gases, the equivalent exposure
in mg/W? is:

Ivr o 1Wve o ¢d/3
I 273 v

In the absence of empirical data or a
sound theoretical argument to the
contrary, the fraction absorbed. r, is
sssumed to be the same for all species.

Case 2

The dose in mg/day of partially
soluble vapors is proportional to the 0,
consumption which in turn {s
proportional to W% 2and to the
solubility of gas in body fluids, which
can be expressed as an absorption
coefficient r for the gas. Therefore, when
expressing the 0, consumption as Gy=k
W13 whert k 1s a constant independent

* From “Recommendation of the Internationa)
Commission on Radiological Protection.” page 8, the
sversge breathing raws is 10' cn ! par $-bour work
day and 2x10"cm’is 34 bours.

of species. it follows that m=k W ?x v
Xt or

da N

HE

As with Case 1, in the absence of
experimenta] information or a sound
theoretical argumen to the contrary, the
absorption fraction, . is assumed to be
the same for all species. Therefore. for
these substances a certain concentration
in ppm or u/m? in experimental anima!s
is equivalent tc the same concentraticn
{n humans. This is supported by the
observation that the minimum alveoclar
concentration, necessary to produce a
given “stage” of anesthesia, {9 similar in
man and animals (Dripps. et al. 1977)
When the animals were exposed via the
oral route and human exposure is via
inhalation or vice-versa, the assumption
is made, unless there is pharmacokinetic
evidence to the contrary. that absorption
is equal by either exposure route.

e. If the duration of experiment (L) is
less than the natural life span of the test
anima! (L), the slope q.°, or more
generally the exponent g{d), is increased
by multiplying a factor (L/L,)*. We
assume that if the average dose. d. is
continued, the age specific rate of
cancer will continue to increase as a
constant function of the background
rate. The age specific rates {or humans
increase at least by the 2nd power of the
age and often by a considerably higher
power, as demonstrated by Doll (1871).
Thus, we would expect the cumulative
tumor rate to increase by at least the 3rd
power of age. Using this fact, we assume
that the slope q,°, or more generally, the
exponent g(d). would also increase by at
least the 3rd power of age. As a result, if
the slope q,* [or g{d)] is calculated at
age L,. we would expect that if the
experiment had been continued for the
full life span, L. at the given average
axposure, the slope q,° {or g(d}] would
have been increased by at least (L/L,)"

This adjustment is conceptually
consistent to the proportiona! hazard
model proposed by Cox (1972) and the
time-to-tumor mode! considered by
Crump. et al. (1977) whers the
probability of cancer st age t and dose d
Is given by P(d.t) =1 —axp[ - f{t) x g(d)}

4. Calculation of Carcinogenic Potency
Based oo Human Data. If bumaen
epidemiology studies and sufficiently
valid exposure information are available
for the compound. they are always used
in some way. If they show a
carcinogenic effect. the data are
analyzed to give an estimate of the
linear dependence of cancer rates on
lifetime average dose, which is
equivalent to the factor q.°. U they show

= kvr
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no carcinogenic effect when positive
animal evidence is available, then it is
assumed that a risk does exist but it is
smaller than could have been observed
in the epidemiologic study. and an upper
limit of the cancer incidence is
caiculated assuming hypothetically that
the true incidence is just below the level
of detection in the cohort studied, which
is determined largely by the cohort size.
Whenever possible, human data are
used in perference 10 animal bioassay
data.

In human studies, the response is
measured in terms of the relative risk of
the exposed cohort of individuals
compared to the control group. In the
analysis of this data, it is assumed that
the excess risk. or relative risk minus
one, R{X) -1, is proportional 10 the ,
lifetime average exposure, X. and that it
is the same for all ages. It follows that
the carcinogenic potency is equal to
[R(X)-1)/X muluplied by the lifetime
risk at thet site in the general
population. Except for an unusually
well-documented human study. the
confidence limit for the excess risk is
not calculated, due to the dufficulty in
accounting for the uncertainty inherent
in the data (exposure and cancer
response).

5. Calculation of Water Quality
Criteria. After the value of q,* in (mg/
kg/day)~'has been determined. the
lifetime risk, P. from an average daily
exposure of x mg/kg/day is found from
the equation P=q,"x. Therefore. if the
lifetime risk is set at P=10"% for
calculation purposes. the intake. L in
mg/day for a 70 kg person can be found
by the equation: I=70x10"%/q,"

The intake of the agent from ambien!
water is assumed to come from two
sources: (1) drinking an sverage of 2
liters of water per day, and (2] ingesting
an average of 6.5 grams of fish per day.
Because of accumulation of residues in
fish, the amount of the pollutant in ish
{mg/kg of edible fish) is equal 1o & factor
R times the water concentration (mg/kg
of water). Therefore. the total intake |
can be written as sum of two terms:
l{mg/day) =C{mg/1) xR()/kg

fish) x 0.0088 kg fish/day +C{mg/l1 x 2/
day=C{2+0.0085R) where C is the
water concentration {a mg/L Therefors,
the water concentration in mg/}
corresponding to e lifetime riak of 10°*
for a 70 kg person is calculated by the
formula:

70 x 10~5
+

C- o .

B. Threshold Effects

1. Use of Anima) Toxicity Data {Oral).
In developing guidelines for deriving
criteria based on noncarcinogenic
responses, five types of response levels
are considered:
NOEL—No-Observed-Effect-Lave}
NOAEL—No-Observed-Adverse-Effect-Lavel
LOEL—Lowest-Observed-Effect-Level
LOAEL—-lLowut-Obnnrcd-Advemiﬂed-

Leve
FEL—Frank-Effect-Level

Adverse effects are defined as any
effects which result in functional
impairment and/or pathological lesions
which may affect the performance of the
whole organism, or which reduce an
organism’s ability to respond to an
add:tional challenge.

Oune of the major problems
encountered in considerstion of these
concepts regards the reporting of
“observed effect levels” as contrasted to
“observed adverse effect levels”. The
terms “"adverse” va. "not adverse” are at
times sausfactorily defined. but due to
increasingly sophisticated testing
protoco.s. more subtle respanses are
being identified. resulting in a need for
judgment regarding the exact definition
of adversity.

The concepts listed above (NOEL,
NOAEL LOEL LOAEL) have received
much attention because they represent
landmarks which help to define the
threshold region in specific experiments.
Thus. if a single experiment yields a
NOEL s NOAEL, a LOAFL. and &
clearly defined FEL in relatively closely
spaced doses, the threshold region has
been relatively well defined: such data
are very useful for the purpose of
deriving a criterion. On the other hand. a
clearly defined FEL has little utility in
establithing criteria whea it stands
alone, because such a level gives no
indication how far removed the data
point is from the threshold region.
Similarly, & free-standing NOEL has
little utility, because there is no
indication of its proximity to the LOEL,
since a free-standing NOEL may be
many orders of magnitude below the
threshoid region

Based on above dose-response
classification systsm, the following
guidelines for deriving criteris have
been adopted:

a. A free-standing FEL is unsuitable
for the derivation of criteria.

b. A free-stan NOEL is unsuitable
for the derivation of criteris. If muitiple
NOELs are available without additional
data on LOELs, NOAELs, or LOAEL,s,
the highest NOEL shouid be used to
derive ¢ criterion.

c. A NOAEL. LOEL or LOAEL can be
suitable for criteria derivation. A well-

-Scanty results on

defined NOAEL from s chronic (at least
80-day) study may be used directly,
applying the appropriate uncertainty
factor. For a LOEL a judgment needs to
be made whether it ectually corresponds
to a NOAEL or a LOAEL In the case of
8 LOAEL, an additional uncertainty
factor is applied; the magnitude of the
additional uncertainty factor is
judgmental and should lie in the range of
1 to 10. Caution must be exercised not 1o
substitute “Frank-Effect-Levels” for
“Lowest-Observable-Adverse-Effect-
Levels™.

d. If for reasonably closely spaced
doses only a NOEL and a LOAEL of
equal quality are available, then the
appropriate uncertainty factor is applied
to the NOEL

In using this approach. the selection
and justification of uncertainty factors
are critical. The basic definition and
guidelines for using uncertainty factors
bas been given by the National
Academy of Sciences {1977). "Safety
Factor” or “Uncentainty Factor” is
defined ss a number that reflects the
degree or amount of uncertainty that
must be considered when experimental
data in animals are extrapolated to man.
When the quality and guantity of
experimenta) data are satisfactory. a
low uncertainty factor is used; when
data is judged to be inadequate or
equivocal. a larger uncertainty factor is
used The following general guidelines
have been adopted in establishing the
uncertainty factors:

a. Valid experimental results from
studies on prolonged ingestion by man.
with no indication of carcinogenicity.
Uncertainty Factor =10

b. Experimental results of studies of
buman ingestion not available or scanty
{e.g. acule exposure only) with valid
results of long-term {eeding studies on
experimental animals. or in the absence
of humaa studies. valid snimal studies
on one ot mors species. No indication of
carcinogeaicity. Uncertainty Factor = 100

¢ No long-term or acute human date
enial animals
with no indication of carcinogenicity.
Uncertainty Factor = 1,000
Cousiderable judgment must be used in
selecting the appeopriate safety factors
for dariving a criterion. In those cases
where the data do not completely fulfill
the conditions for coe category and
appear 10 be intermediate between two
categoriss an intermediate uncertainty
factor is used Such an intermediate
uncertainty factor may be developed
based on a logarithmic scale (8.5 33,
being balfway between 10 and 100 on a
logarithmic scale}l

In determining the appropriate use of
the uncertainty factors, the phrase “no
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indication of carcinogenicity” is
interpreted as the absence of
carcinogenicity data from animal
experimental studies or human
epidemiology. Available short-term
carcinogenicity screening tests are
reported in the cniteria documents, but
they are not used either for derivation of
numerical criteria nor to rule out the
uncertainty factor approach.

Because of the high degree of
judgment involved in the selection of a
safety factor, the criterion denvation
section of each document should
provide a detailed discussion and
justification for both the selection of the
safety factor and the data to which it is
apphed. This discussion should refiect a
critical review of the available data
base. Factors to be considered include
number of animals. species. and
parameters tested: quality of controls;
dose levels; route: and dosing schedules.
An effort should be made to
differentiate between results which
constitute a toxicologically sufficient
data base and data which may be
spunous in nature.

2. Use of Acceptable Daily Intake
(ADI). For carcinogens. the assumption
of low dose linearity precludes the
necessity for defining total exposure in
the estimation of increased incremental
risk. For non-carcinogens, ADIs and
criteria derived therefrom are calculated
from total exposure data thal include
contributions from the diet and air. The
equation used to derive the criterion [C)
is: C=ADI-{DT +IN)/{2 1 +(0.0065 kg
X R}] where 2 | is assumed daily water
consumption, 0.0065 kg is assumed daily
fish consumption. R is bioconcentration
factor in units of |/kg. DT is estimated
non-fish dietary intake, and IN is
estimated daily intake by inhalation.

if esumates of LN and DT cannot be
provided from experimental data. an
assumption must be made concerning
total exposure. It is recognized that
sither the inability to estimate DT and
LN due to lack of data or the wide
variability in DT and IN in different
states may add an additional element of
uncertainty to the criterion formulation
process. In terms of scientific validity,
the accurate estimate of the Acceptable
Daily Intake is the major factor in
satisfactory derivation of water quality
criteria.

3. Use of Threshold Limit Values or
Animal Inhalation Studies. Threshold
Limit Values (TLVs) are established by
the American Conference of
Governmental and Industrial Hygienists
(ACGIH) and represent 8-hour time-
weighted average concentrations in air
that are intended to protect workers
from various adverse health effects over
a normal working lifetime. Similar

values are set by NIOSH (criteria) and
OSHA (standards) for 10- and 8-hour
exposures. respectively To the extent
that these values are based on sound
toxicologic assessments and have been
protective in the work environment, they
provide useful information for deriving
or evaluating water qua.ity criteria.
However, each TLV must be carefully
examined to determine if the basis of
the TLV contains data which can be
used directly to derive a water quality
criterion using the uncertainty factor
approach. Ir addition, the history of
each TLV must be examined to assess
the extent to which it has assured
worker safety. In each case, the types of
effects against which TLVs are designed
to protect are examined in terms of their
relevance to exposure from water. I
must be demonstrated that the chemical
1s ot a localized irmitant and that there
is no sigruficant effect at the site of
entry irtespective of the routes of
exposure (i.e., oral or inhalation).

If the TLV or similar value is
recommended as the basis of the
cntenon, consideration of the above
points is explicitly stated in the criterion
derivation section of the document.
Particular emphasis is placed on the
quality of the TLV relative to the
available toxicity data that normally is
given priority over TLVs or similar
established values. If the TLV can be
justified as the basis for the cirterion,
then the problems associated with the
estimation of acceptable oral doses from
inhalation data must be addressed.

Estimating equivalencies of dose-
response relationships from one route of
exposure to another introduces an
additional element of uncertainty in the
derivation of criteria. Consequently,
whenever possible, ambient water
quality criteria should be based on data
involving oral exposures. if oral data are
insufficient, data from other routes of
exposure may be useful] in the criterion
derivstion process.

Inhalation data, including TLVs or
similar values, are the most common
alternatives to oral data. Estimates of
equivalent doses can be based upon: (1)
available pharmacokinetic data for oral
and inhalation routes, (2) measurements
of absorption efficiency from ingested or
inhaled chemicals, or (3) comparative
excretion datas when the associated
metabolic pathways are equivalent to
those following oral ingestion or
inhalation. Given that sufficient
pbarmacokinetic dats are svailable, the
use of accepted pharmacokinetic models
provides the most satisfactory approach
for dose conversions. However. if
available pharmacokinetic data are
marginal or of questionable quality,

pharmacokinetic modeling is
inappropriate.

The Stokinger and Woodward (1938)
approach, or similar models based on
assumptions of breathing rate and
absorption efficiency, represents
possible alternatives when data are not
sufficient to justify pharmacokinetic
modeling. Such alternative approaches.
however, provide iess satisfactory
spproximations because they are not
based on pharmacokinetic data.
Consequently, in using the Stokinger
and Woodward or related models. the
uncertainties inherent in each of the
assumptions and the basis of each
assumption must be clearly stated in the
derivation of the criterion.

The use of data pertaining to other
routes of exposure to derive water
quality criteria may also be considered.
As wnth inhalation data. an attempt s
made to use sccepted toxicologic and
pharmacokinetic principles to est.mate
equivalent oral doses. If simplifying
assumptions are used, their bases and
limitations must be clearly specified.

Because of the uncertainties involved
in extrapolating from one raute of
exposure to another and the consequent
limitations that this may place on the
derived criterion. the decision to
disallow such extrapolation and
recommend no criterion is highly
judgmental and musi be made on a c\ag-
by-case basis. A decision for or agains:
criteria derivation must balance the
quantity and quality of the available
data against a perceived risk to the
human population.

If the Stokinger and Woodward (1958)
approach is used to calculate an ADI
from a TLV, the general equation is:
ADI=TLVXBRxDE xdx A /(A x SF)
where:

ADI = Acceptable daily intake in mg

TLV =Concentrstion in air in mg,/m?

DE = Duration of exposure un hours per dsy

d=5days/? days

A, =Efliciency of absorption from sir

A= Efficiency of absorption [rom oral
exposure

SF = Safety factor following guidelines given
sbove

BR = Amount of air breathed per day. assume
10m*

For deriving an ADI from animal
toxicify data, the equation is:
ADI=C,xDgxdx A, xBR x70kg/
(BW, X Ag X SF) where:

AD!= Acceptable daily intake in mg

C.=Concentration in sir in mg/m?

Dy = Duration of exposure in hours per day

d=Number of days exposed/aumber of days
observed

A,=EfTiciency of absorption from air

BR = Volume of eir breathed per day in m?

70 kg = Assumed human body weight

BW, = Body weight of expenmental snimais
in kg
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Ag = Efficiency of absorption from oral
exposure
SF = Salety factor following guidelines given
above.
More formal pharmacokinetic models
musi be developed on & compaund-by-
compound basis.
1t should be noted that the safety
factors used in the sbove formulae are
tntended to account for species
variability. Consequently, the mg/
surface area/day conversion factor is
not used in the derivation of toxicity
based criterion.

C. Organcleptic Criteria

Organoleptic criteria define
concentrations of materials which
impart undesirable taste and/or odor to
water. ln developing and utilizing such
criteria two factors must be appreciated:
the limitations of most organoleptic data
and the human health significance of
organocleptic properties.

The publications which report taste
and odor thresholds are, with very few
exceptions, cryptic in their descnptions
of test methodologies, number of
subjects tested. concentration. response
relationships. and sensory
characteristics at specific
concentrations above threshold. Thus.
the quality of organoleptic data is often
significantly less than that of toxicologic
data used in establishing other criteria
Consequendy, a critical evaluation of
the available organoleptic data must be
made and the selection of the most
appropriate data base for the criterion
must be based on sound scientific
judgment.

Organoleptic criteria are not based on
toxicologic information and have no
direct relationship to potential adverse
human health effects. Although
sufficiently intense organoleptic
characteristics could result in depressed
fluid intake which, in turn, might
aggravate a variety of functional disease
states (i.e., kidney and circulatory
diseases), such effects are not used in
the derivation process of organoleptic
criteria unless available data wonﬂi
indicate an indirect human health effect
vis decreased fluid consumption,
criterig derived solely from organoleptic
data are based upon aesthetic qualities
only.

Since organoleptic and buman health
eflects criteria are based on different
endpoints, a distinction must be made
between these two sets of information.
In criteria summaries involving both
types of data, the following format is
used:

For comperison purposes. two spproaches
were used to derive criterion levels lor
—~——— Based on available toxicity data,
for the protection of public health the derived

level is ——. Using available organoleptic
dsta, for controlling undesirable taste and
odor quality of ambient water the estimated
level is ——. It should be recognized that
organoleptic data as a bass for establishing &
water quality criteria have no demonstrated
relationskip to potential adverse buman
health effects.

In those instances where a level to
limit toxicity cannot be derived. the
following statement is to be
appropriately inserted:

Sufficient data are not available for
to derive @ level which would
protect against the potential toxicity of this
compound.

D. Criteric for Chemical Classes

A chemical class is broadly defined as
any group of chemical compounds which
are reviewed in a single risk assessment
document. In criterion derivation,
isomers should be regarded as a part of
a chemical class rather than as a single
compound. A class criterion is an
estimate of risk/safety which applies to
more than one member of a class. It
involves the use of available data on
one or more chemicals of a class to
derive criteria for other compounds of
the same class in the event that there
are insufficient data available to derive
compound-specific criteria.

A class criterion usually epplies to
each member of a class rather than to
the sum of the compounds within the
class. While the potential hazards of
multiple toxicant exposure are not to be
minjmized. 8 criterion, by definition,
most often applies 10 an individual
compound. Exceptions may be made for
complex mixtures which are produced,
released. and toxicologically tested as
mixtures (e.g.. toxaphene and PCBs). For
such exceptions. some attempt is made
to assess the effects of environmental
partitioning (i.e., different patterns of
environmental transport and
degradation) on the validity of the
criterion. If these effects cannot be
assessed. an appropriate statement of
uncertainty should accompany the
criterion.

Since relatively minor structural
changes within a class of compounds
can have pronounced effects on their
biological activities, reliance on class
criteris should be minimized Whenever
sufficient toxicologic data are available
oo 8 chemical within s class. a
compound-specific criterion should be
derived. Nonetheless, for some chemical
classes, scientific fudgment may suggest
a sufficient degree of similarity among
chemicals within a class to justily a
class criterion applicable to some of all
members of a class.

The development of a class criterion
takes into consideration the following

1. A detailed review of the chemical and
pbysical propertes of chemicals within the
group should be mada. A close relationst:p
within the class wilh respect 1o chemical
scitivity would suggest a similar potental to
reach common biologica! sites within tissues
Likewise, similar lipid solubil:ties would
suggest the possibility of comparable
absorption and tissue distnbuton

2 Qualitative and quantitative data for
chemicals within the group are examuned
Adequate toxicologic data on s number of
compounds within a group provides & more
reasonable basis for extrapolation 1o other
chemicals of the same class than mirima!
data on one chemical or & few chemicals
within the group.

3. Similarities in the nature of the
toxicologic respoase 10 chemicals in the class
provides additional support for the prediction
that the response to other members of the
class may be similar. In contrast where the
biological response has been shown 1o d.fier
markedly on & qualitative and quartat. e
bas:s for chemicals within a class. the
extrapolation of a criterion to other members
of that class 13 not appropnriate.

4. Additional support for the valid:*y of
extrapolstbon of a criterion 1o other members
of a clasy could be provided by evidence of
similar metabolic and pharmazokireuc dats
for some members of the class

Based on the above considerations. it
may be reasonable in some cases 10
divide a chemical class into various
subclasses. Such divisions could be
based on bioclogical endpoints (e g.
carcinogens/non-carcinogens), poteacy.
and/or sufficiency of data (e.g. a
criterion for some members of a class
but po criterion for others). While no ¢
priori limits can be placed on the extent
of subclassification. each
subclassification must be explicitly
justified by the available data

Class criteria, if properly derived and
supported. can constitute valid scientfic
assessments of potential risk/safety.
Conversely, the development of & class
criterion from an insufficient data base
can lead to serious errors in
underestimaling or overestimating nsk/
safety and should be rigorously avoided.
Although scientific judgment bas &
proper role in the developmen! of class
criteria, such criteris are useful and
defensible only if they are based on
adequate data and scientific reasoning.
The definition of sufficient data on
similarities in pbysical. chemical.
pharmacokinetic. or toxicologic
propertiss to justify s class criterion
may vary markedly depending on the
degree of structural similarity and the
gravity of the parceived risk.
Consequently. it is imperative that the
criterion derivation section of each
document in which a class criterion is
recommended explicity address each of
the key issues discussed above. and
define, as clearly as possible. the
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limitations of the proposed criterion as
well as the type of data needed to
generate a compound-specific criterion.

A class criterion should be abandoned
when there is sufficient data availabe to
derive s compound-specific criterion
which protects aguinst the biological
effect of primary concern; e.g.. the
availability of & good subchronic study
would not necessarily result in the
sbandonment of s class criterion based
on potential carcinogenicity.

The inability to derive s valid class
criterion does not, and should not
preclude regulation of a compound or
group of compounds based on concern
for potential human health effects. The
failure 10 recommend a criterion is
simply a statemen: that the degree of
concern cannot be quantified based on
the available data and risk assessment
methodology.

E. Essential Elements

Some chemicals. particularly certain
metals, are essential to biological
organisms at low levels but may be
toxic and/ or carcinogenic st high levels.
Because of potenual toxic effects. it is
legitimate to establish criteria for such
essential elements. However, criteria
must consider essentiality and cannot
be established at levels which would
result in deficiency of the element in the
human population.

Elements are sccepted as essential if
listed by NAS Food and Nutrition Board
or a comparably qualified panel.
Elements not yet determined to be
essential but for which supportive data
on essentiality exists need to be further
reviewed by such a panel.

To modify the toxicity and
carcinogenicity based criteria,
essentiality must be quantified either as
s “recommended daily sllowance”
(RDA) or “minimum daily requirement”
(MDR). These levels are then compared
to estimated daily doses associated with
the adverse effect of primary concern.
The difference between the RDA or
MDR and the daily doses causing s
specified risk level [or carcinogens or
ADIs for non-carcinogens defines the
spread of daily doses from which the
criterion may be derived. Because errors
are inherent in defining both essential
and maximum tolerable levels, the
griterion is derived from dose levels
near the center of such s dose range.
The decision to use either the MDR or
RDA is guided by the spread of the
doses and the quality of the essentiality
and toxicity estimates.

The modification of criteria by
consideration of essentiality must take
into account all routes of exposure. If
water is a significant source of the MDR
or RDA, the criterion must allow for

attainment of essential intake.
Conversely. even when essentiality may
be attained from nonwater sources,
standard criteria derivation methods
may be adjusted if the derived criterion
represents a small fraction of the ADI or
MDR. On s case-by-case basis. the
modification in the use of the guidelines
may include the use of different safety
factors for non-carcinogens or other
modifications which can be explicitly
justfied.

F. Use of Existing Standards

For some chemicals for which criteria
are to be established, drinking water
standards already exist. These
standards represent not only a critical
assessment of literature, but also a body
of human experience since their
promulgation. Therefore, it is valid to
accept the existing standard unless
there is compelling evidence to the
contrary. This decision should be made
after considering the exisling standards
vs. new scientific evidence which has
accumulated since the standards have
been established. There are several
instances where the peer review process
recommended usage of the present
drinking water standards.
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Appendix D—Response to Comments on
Guidelines for Deriving Water Quality
Criteris for the Protection of Aquatic
Life and Its Uses

Introduction

Two versions of the Guidelines were
published in the Federal Register for
commeni. The first version (43 FR 21508,
May 18. 1978 and 43 FR 29028, July 5.
1979) was simply published for
commen!. The second {44 FR 15928,
March 15, 1879) was pablished as part of
the request for comments on the water
quality criteria for 27 of the 85
pollutants. The second version was
meant to be clearer and more detailed
than the first. but very similar
technically. Since the two versions were
so sumilar, comments on both will be
dealt with simultaneously.

Many comments were received thet
no draft water quality criteria for any of
the 85 poliutants should have been
issued for public comment until the
comments on the first version of the
Guidelines had been dealt with
sdeguately and the Guidelines changed
appropriately. The commeants on the first
version were read and the Guidelines
were revised in an attempt to make the
second version clearer and more
detailed than the first. However, an
extensive revision of the technical
content of the Guidelines was not
attempted between the first and second
versions because the Agency was
preparing water quality criteria based
on the Guidelines. The Agency could
have avoided this crilicism simply by
not publishing any version of the
Guidelines for comment until March 15,
1979, but this would have greatly
reduced the lcngth of time available for
people to consider the Guidelines and
comment oo them. As it was, some
people commented that the comment
period announced on March 15, 1978,
was too short.

1. Commeni—The procedures used to
derive criteria in the “"Red Book" were

upheld in court and probably should stil}
be used.

Response—The procedures used in
the Guidelines are similar to some of the
procedures used to develop criteria in
the “Green Book", "Blue Book", and
“Red Book”. The Guidelines are
designed to be more objective and
systematic. to deal more adequately
with residues, end to incorporate the
concept of a minimum data base.

2 Comment—Criteria should be
compilations of critically reviewed data
with po synthesis or interpretation

Response—Neither P.L. 92-500 cor the
Consent Decree specify the form whick
s criterion must take. The Consent
Decree {para. 11, p. 14] specifies that
such criteria “shall state, inter a.rc.
recommended maximum permiss:ble
concentrations™. Adequate precedents
have been set in the “"Green Book ™.
“Blue Book™, and “Red Book" fcr the
form of criteria used in the Guidelines.

3. Comment—The Guidelines and
criteria should be developed by a
consensus of aquatic toxicologists rather
than by EPA personnel only.

Response—EPA certainly wants the
Guidelines and the criteria to be ss good
as possible and as acceptable to as
many interested people as possible. To
this end, EPA has widely distributed
draft versions of the Guidelines and the
criteria documents, discussed them with
many people. considered the comments
received. and made many significant
technical changes and editoria!
revisions. It is questionable whether or
not a true consensus could bave been
reached by any means within the ume
svailable. In addition, EPA has a
legislative responsibility which it should
oot delegate to someone else.

4. Comment—The Guidelines should
be updated regularly.

Response—The Guidelines are not
being promulgated as s regulation or
directive. The purpose of presenting
these Guidelines is to show how the
water quality criteria for aquatic life
were derived for the 85 pollutants. If
EPA uses these Guidelines again, they
will be revised to take into eccount new
data, concepts, and ideas.

8. Commenn~The objectives. purpose.
and limitations of the Guidelines should
be stated

Response—The introductory portion
of the Guidelines bas been expanded to

address these subjects more fully.
6. Comment—The Guidelines are too
ambiguous.

Response—The Guidelines have been
revised and rewritien, partly to improve
clarity and provide sdditional details. It
is not possible 1o provide explicit details
on all items: in some areas only general
guidance can be provided at this time.



APPENDIX B continued

The following Federal Register notice contains summaries
of nine documents containing proposed ambient water qualit
criteria for the protection of aquatic life and its uses. Of
particular interest for section 301(g) purposes are new crite
for ammonia and chlorine. Alsoc included in this notice is a
summary of revisions to the document entitled "Guidelines for
Deriving Numerical National Water Quality Criteria for the
Protection of Aquatic Life and Its Uses"™ (which is an updated
and revised version of the guidelines previously published at
45 FR 79341, November 28, 1980.
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Water Quality Criteria; Request for
Comments

AGENCY: Environmental Protection
Agency.

ACTION: Notice of reques! for comments
on ambient water quality criteria
documents.

SuMMARY: EPA announces the
avaiiability for public comment, and
provides summaries of nine ambient
water quality cnternia documents. When
published in hinal form after the review
of public comments. these water qual:ty
critena may form the basis for
enforceable standards. These critena
are published pursuant to section
304(a)(1) of the Clean Water Act.
DATES: Written comements should be
submitted to the person listed directly
below by May 7, 1984.

FOR FURTHER INFORMATION CONTACT:
Dr. Frank Gostomski. Criteria ard
Standards Division (WH-585). LS.
Environmentai Protection Agency. 401 M
Street. SW., Washington, D C. 20460,
(202) 245-3030.

Availability of Documents

This notice contains summaries of
nine documents contain:ng proposed
ambient water quality critena for the
protection of aquatic life and its uses.
and also contains 8 summary of
revisions to the document entstled
“"Guidelines for Dernving Numencal
National Water Quality Critenia for the
Protection of Aquatic Life and Its Uses”
{which1s an updated and revised
version of the Guidelines previously
published at 45 FR 79341 November 28,
1980). Copies of the complete criteria
documents and the revised Guidelines
may be obtained upon request from the
person listed above. These documents
are also availabie for public inspection
and copying during normal business
hours at: Public Information Reference
Unit, U.S. Environmentai Protection
Agency, Room 2404 (rear), 401 M St.,
SW., Washington. D.C. 20460. As
provided in 40 CFR Part 2, s reasonable
fee may be charged for copying services.
Copies of these documents are siso
avaiiable for review in the EPA Regional
Office libraries. A list of the proposed
documents is presented below:
1. Ambient Water Quality Criteria for
Ammonia

2. Ambient Water Quality Cnteria for
Arsenic

3 Ambient Water Qualrty Criteria for
Cadmium

4. Ambient Water Quality Criteria for
Chlorine

$ Ambient Water Quality Criteria for

Chromium

6. Ambient Water Quality Critena for
Copper

7. Ambient Water Quality Criteria for
Cyanide

8. Ambient Water Quality Criteria for
Lead

9 Ambient Water Quality Criteria for
Mercury

10. Guidelines for Deriving Numerical
National Water Quality Criteria for
the Protection of Aquatic Life and
Its Uses

SUPPLEMENTARY INFORMATION:
Background

Section 304(a)(1) of the Clean Water
Act (33 U.S.C. 1314(a)(1}) requires EPA
to publish and periodically update
ambient water quahity criteria. These
criteria are to reflect the latest scientific
knowledge on the identifiable effects of
poiiutants on public health and wellare,
aquatic life. and recreation.

EPA has penodically issued ambient
waler quality criteria, beginning in 1873
with publication of the “Blue Book™
(Water Quality Criteria 1972). In 1978,
the "Red Book™ (Quahity Criteria for
Water) was published. On November 28,
1980 (45 FR 79318), EPA announced the
publication of 64 individual ambient
waler quality criteria documents for
pollutants listkd as toxic under section
307{a)(1) of the Clea’t Water Act.

Today EPA is anncuncing the
ava:lability for public comment of nine
incividual water quality cnteria
documents which. upon final
pudblication. will update and revise
certain cniteria previously published in
the "Red Book' and the 1980 ambient
water quahity cniteria documents. The
cnteria documents for ammonia, and
chlorine are intended to eventually
replace criteria previously published in
the “Red Book.” The cnteria documents

for arsenic, cadmium. chromium. copper.

cyanide, lead. and mercury will replace
the aquatic life criteria previously
published in the 1980 ambient water
quality criteria documents.

Dated: January 13, 1984.
Jack £ Ravan,
Assistant Admuinistrator for Woter.

Summary of Proposed Water Quality
Criteria
1. Ammonia

Freshwater Aquatic Life. To protect
freshwater aquauc life, the criteria for
ammoma sre based upon ambient water
temperature and pH with maximum
concentration and 30-day average
values provided.

Criteria values for the pH range 6.5 to
9 0 and the temperature range 0°C fo
30°C are provided in the following
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tables. Total ammonia concentrations
equivalent to each NH, criterion are g'sc
provided in these tables.
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Soltwater Aquatic Life. Data
available for saltwaler species are
insufficient to derive a critenon for
saltwater.

Criteria Implementation Guidance.
EPA is considering developing
implementation guidance to accompany
the revised ammonia cnter:a. The
Agency envisions that such guidance
would provide information pertaiming to
the selection of appropriate criteria fcr 2
given water body. and the application of
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these selected crienoan the
etgbishment O water quants based
roilLlgnt contte!s.

EPA s selicring wrnit'en comments or
‘=p folluw.ng queshons pestaiming 1o
implemientet onguidunze for the

develop cnterta nplementdtion
¢..2ance for ammenia. or does adequale
wnintmation and knowledge 2lready
ev.st about the selection and application
of ammonia criteria? If the response to
the former question is “ves.” then [2)
what topics. issues, and technical
informat.on should be included in this
g..dance?

2 Arsenic

Freskwoter Aquotic Lie. To protect
freshwater aquatic life and its uses. in
rach 30 consecutive days: (a] The
average concentration of disscived
trivalert .norgan:c arsen:c
(operat:cnaliy defined as the trivalent
inorgan:c arsenic that passes through &
045 m:cror membrane filter) should not
exceed 72 ug/l: (b) the maximum
ccacentration should not exceed 140 g/
l; and {c) the conceatration may be
be'ween 72 and 140 ug/l for up to 96
hours. This criterion will probably not
be protective wherever the toad.
Gastropkryne corolinensis. is an
important species.

Not enough data are available to
aliow derivation of numerical national
water quality cnteria for freshwater
aguatic l:fe for pentavalent inorganic
arsenic or any organic arsenic
compound. Pentavalent inorganic
arsenic s acutely toxic to freshwater
aquatic an:mals at concentrations as
low as 850 ug/'l. An acute-chronic ratio
of 28 for pentavelent inorganic arsenic
was obtained with the fathead minnow.
Pentavalent arsenic may be toxic to
freshwater aquatic plants at
concentrations as low as 48 ug/l.
Monosodium methanearsenate (MSMA)
1s acutely toxic to aquatic animals at
concentrations as low as 1.900 ug/! but
no data are svailable conceming
chronic toxicity to animals or toxicity to
plants.

Saltwater Aquatic Life. To protect
saltwater aquatic life and its uses, in
each 30 consecutive days: (8) The
average concentration of dissolved
trivalent inorganic arsenic should not
exceed 63 ug/l. (b) the maximum
concentration should not exceed 120
w8/l arnd {c) the concentration may be
between 63 and 120 g/l for up to 96
hours. This cniterion wall probably not
e protective wherever Skeletonema
costatum, Thalessivsira oestivolis, ot
clompra porvula are imporlant species.

Very few data are available
cancernirg the tox:city of any form of

arsenic other than trivaicnt inorganic
arsenic 10 saltwaler aquatic hife. The
avaiduble data do show that pentavalient
morgdnic arsenic is aculely toxic to
saiwater animadls al corcentrations as
low as 2.319 ug/l and may be toxic to
sa'twater plants at 5-30 ug/l. No data
are avd:lable concerning the chronic
toxici*v of any form of arsenic other
than trivelent inorganic arsenic to
saltwater aquatic l:fe.

3 Cedmium

Freshwater Aguatic Life. Because the
acute and chronic toxicities of cadmium
to sensitive important freshwater
species are about the same, to protec!
freshwater aquatic life and its uses. the
concentration (in ug/l} ol active
cadmium (operationally defined as the
cadmium that passes through 8 6.45 um
membrane filter after the sample is
scidified to pH =4 with m:tric acid)
should not exceed the numerical value
given by [1.18{!n(hardness)j—3.841). For
example, al hardness of 50, 100. and 200
mg/l as CaCO;, the maximum
concentrations of active cadmium are
2.0, 4.5 and 10 ug/l. Data on the acute
toxicity of cadmium to brook trout and
stnped bass cover a wide range, but if
these species are as sensitive as some of
the values indicale they might be, they
may nol be protected by this criterion.

Sal:water Aquotic Life. To protect
saltwater aquatic life and its uses. in
each 30 consecutive days: {(a} The
sverage concentration of active
cadmium should not exceed 12 pg/l: (b)
the maximum concentration should not
exceed 38 pg/l: and (c) the
concentration may be between 12 and 38
ug/l for up 1o 98 hours.

4. Chlorine

Freshwater Aquatic Life. To protect
freshwater aquatic life and its uses. in
each 30 consecutive days: (a) The
average concentration of total residual
chlorine should not exceed 8.3 ug/l; (b)
the maximum concentration should not
exceed 14 ug/l; and [c] the
concentration may be between 8.3 g/l
and 14 ug/! for up to 98 hours.

Saltwaler Aguatic Life. To protect
saltwater aquatic life and its uses. in
each 30 consecutive days: {a) The
average concentration of chlorine
produced oxidants should not exceed 7.4
u8/1; {b) the maximum concentration
should not exceed 13 ug/l; and (c} the
concentration may be between 7.4 ug/l
und 13 pg/l for up to 96 hours.

Criteria Implemeniation Guidance.
EPA 15 cansidering developing criteria
implementation guidence to accompany
the revised chlorine criteria. The Agency
envisions that such guidance would
provide information pertaining 1o the

b- 14

selection cf uppropriate criteria for a
given water body. and the appl.ca‘.on !
theose selected criteria in the
cstabl:shment of watcr quaiity based
rollutant controls.

EPA is soliciting written comme-:s on
the foliowing questions perta:n:ng o
implementation guidance for the
chlorine critesia: (1) Should the Agercy
develop criteria implementation
guidance for chloriue. or does adequate
information and knowledge aiready
ex:st about the selection and application
of chlorine criteria? If the response 1o
the former question 1s “yes.” then (2]
what topics. 1ssues, and technical
information should be included in this
guidance?

S. Chromjum

Freshwater Aquotic Life. To protect
freshwalter aquatic life and its uses. in
each 30 consecutive days: (a) The
average concentration of dissolved
kexavalent chromium (operationaliy
defined as the hexavalent chromium
that passes through a 0.45 um membrane
filter) should not exceed 7.2 ug/l: (b) the
maximum concentration should not
exceed 11 ug/l: and (c) the
concentrations may be between 7.2 a=d
11 ug/l for up to 96 hours.

To protect freshwater aquatic life and
its uses, in each 30 consecutive davs:

{a] The average concentration (in
ug/l) of active trivalent chromium
{operationally defined as the trivalent
chromium that passes through & 0.45 um
membrane filter after the sample is
acidified 10 pH =4 with nitric acid}
should not exceed the numerical value
given by ,(0.819{in{hardness]] +0.537};

[b) The maximum concentration (in
1g/1) shouid not exceed the numerical
value given by (0.819[In(hardness)}
+3.568), and

(c) The concentration {in ug/l) may be
between ,(0.818[in(hardness)) +0.537)
and {0.819{In{hardness)}+ 3.568) for up
to 96 hours.

Fcr example, at hardnesses of 50, 100,
and 200 mg/] as CaCO, the criterion
average concentrations of active
trivalent chromium are 42, 74, and 130
ug/! and the criterion maximum
cor/\centraliom are 870, 1,500, and 2.700
ug/l

Saltwater Aquatic Life. To protect
saliwater aquatic life and its uses. in
each 30 consecutive days: (a) The
average concentration of dissolved
hexavalent chroinium should not exceed
S4 ug/L (b) the maximum concentration
should not exceed 1.200 ug/l; and (c] the
cor.centration may be between 54 ond
1.200 u2/} for up tc 96 hours.

No saliwater cnilerion can be derived
for tivalent chromium but levels of
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10 320 ug/t were lethal to the pastern
avster
s Copper

Freshwcrer Aquaac Life. To protedt
freshwate- aquatic hie and 1ts uses. in
vath 30 consecutive days:

(a) The avcrage concentration {in

ng!l) of active copper (nperativnally
drlined us the copper that passes
through a 0 45 um membrane Bhicr alter
the sample is acidified to pH =4 with
nitric acid} should net exceed the
numerical value given by
(0.905]In{hardness}] — 1 785}

(b} The maximum concentration [sn
ug/l) sheuld nol excecd the numencal
value given by (0.905[In{hardness)j-

1 413). and

{c) The concentratiun (tn ug/l) may be
Letween ,{0.905(Infhardness)| -1 785)
and (0905 hardness}!] — 1.413) for up to
96 hours

For example, at hardnesses of 50. 100.
and 200 mg/! as CaCO, the cnitenion
average concerntrations of active copper
are 5.8.11. and 20 ug '} and the cnterion
maximum concentrat:ons are 8.4. 168, and
29 ug/l.

Soltwater Aguatic Life. To protect
saltwater aquatic life and i1ts uses. 1n
cach 30 consecutive days (a) The
average concentration of active copper
should not exceed 2.0 ug/!; (b) the
maximum concentration shouid not
exceed 3.2 ug/l. and {c) the
concentration may be between 2.0 and
32 ug/l for up to 96 hours
7 Cyunide

Freshwater Aquctic Life. To protect
fze.shwater aquatic Life and its uses. in
each 30 consecutive days: (a) The
average concentration of free cyanide
(the sum of cyanide present as HCN and
CN-". expressed as CN) should not
exceed 4.2 ug/l: (b) the maximum
concentration shouid not exceed 22 ug/l.
and (c) the concentration may be
between 4.2 and 22 g/l for up 10 98
hours.

Sailtwater Aquatic Life. To protect
saliwater aquatic life and its uses. in
each 30 consecutive days: (a) The
average concentration of free cyanide
(the sum of cysnide present as HCN und
CN.. expressed as CN) should not
ewceed 0.57 ug/l: (b) the maximum
concentration should not exceed 1.0
#R/1; and (c) the concentration may be
between 0.57 and 1.0 ug/1 for up to 98
hours.

8§ Leod

Freshwuter Aquutic Life. Tt proutect
freshwater aquatic life und its uses.in
easch 30 consecutive days:

(a) The average concentration lin ril
1) of sctive lead (operationally defined

ws the lead thut passes through a 0.45
m membrane ilter alter the sumple s
ncidihed to pH = 4 with natric acid)
shauld not exceed the numernical valur
2:ven by (1.34{In{hardness)| - 5.245);

{b) The maximum concentration (in
uz/l should not exceed the numerical
value given by [1.34]Inthardness)] -
204} and

{c]) The concentration (in pugfl} may be
between (1.34|Infhardness)| - 5.245) and
[1.34[Inthardness)} — 2.014 for up lo 96
hours

Fur example. at hardnesses of 50. 100.
and 200 mg/! as CaCO, the c::terian
average concentrations of acive lead
are 1.0.2.5. and 64 ug/) and the criterion
maximum concentrations are 25, 64, and
160 ug/l.

Sultwater Aquatic Life. To protect
saltwater aquatic life and i1ts uses. in
each 30 conseculive days: (a) The
average concentration of active lead
should not exceed 8.6 ug/l. (L) the
maximum concentration should not
exceed 220 ug/l: and (c} the
concentration may be belween 8.6 and
220 ug/l for up to 96 hours.

9 AMercury

Freshwaoter Aquatic Life. To protect
freshwater aqualic life and its uses. in
each 30 conseculive days: (a] The
average congentralion of active mercury
{operationally defined as the mercury
that passes through a 0.45 um membrane
filter afier the sample is acidified to
pH =4 with nitnc acid} should not
exceed 0.20 ug/L: (b} the maximum
concentration should not exceed 1.1 ug/
l. and (c} the concentration may be
between 0.20 and 1.1 ug/!} for up to 96
hours. These values are based on tests
on divalent inorganic mercary and will
be too high if a substantial portion of the
active mercury is methylmercury. These
values will also be too high if
bioaccumulation is greater in & field
situation than in laboratory tests. In
addition, the value of 0.20 ug/l may not
protect some salmonids and
centrarchids from chronic toxicity and
al that level, bioaccumulation in some
species will be at the FDA action level
of 1.0 mg/kg.

Saltwater Aquatic Life- To protect
saliwater aquatic life and its uses. in
each 30 consecutive days: (a) The
average conceniration of active mercury
should not exceed 0.10 ug/l: (b) the
maximum concentrstion should not
exceed 1.9 ug/l: and (c) the
conceniralion may be betwcen 0.10 and
1.9 ug/1 for up to 96 hours. These values
are based on tests on divaiert inorganic
mercury and will be 100 high il a
subs*antial portion of the active mercury
1s methy!mercury. These values wall
also be 100 high if bioaccumuiation is

- 7o

arcaterin a field situntion thanin
laboratory tests

10 Survmary of Revisions Lo
‘Coardeliees for Doriving Numericol!
Nutional Water Quality Crteric fur the
Prutect.on of Aquatic Life and s Uses’

This draft revised version of the
Nulional Guidelines provides
clarifications. additional details.
technical and editonal charges {rom the
guidelines published at 45 FR 798341-
749347, November 28. 1980. These
modifications are the result of comments
recenned an the previous Guidrlines and
also reflect advances in aqualic
taxicology and related fields The majar
technical changes are:

1. The acute data required for
freshwater animals has been changed ta
include more tests with invertebrate
species.

2. The Firal Acute Value is now
defined in terms of Family Mean Acule
Values rather than Species Mean Acute
Velues previously defined. A Family
Mean Acute Value is the geometric
mean of all the Species Mean Acute
Values available for species in the
fami!y. On the average. species within a
family are toxicologicaily much more
similar than species in different fam:lirs
and so the use of Family Mean Acute
Values will prevent data sets from being
biased by an overabundance of species
in one or a few families.

3 The Final Acute Value is nuw
calculated using a method that 1s not
subject to the bias encountered with the
previous method. In addition. 1t 15 not
inflluenced by one very low vaiue as ine
previous method was.

4. The cnterion consists of two
numbers. The criterion average
concentration and the criterion
maximum concentration.

& The crteriorn average concentrat.on
1s now used as a 30-day average. rather
than as a 24-hour average.

b. Excursions over the average are
himited to allow only one 96-hour
episode in any 30 days.

c. Instead of being equal to the Final
Acule Value, the criterion maximum
concentration is now oblained by
dividing the Final Acute Value by 2. The
Final Acute Value 13 intended to protect
95 percent of a group of diverse species.
unless a : important species 1s more
sensitive. However. a concentration that
would severely harm 50 percent of the
fifih perceniile or 50 percen) of »
sensitive important species cannot be
considered to be protective of that
percenule or that species. especially
bevnuse this concentration may exist for
96 hours on twelve different occasions
every year. Dividing the Final Acute
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Value by 2is intended to result in a
concentration that wiil not severely
adversely aflect 100 many of the
organ:stas

5 The preferred duration for acute
tests with all species of aquatic animals
15 96 hours. although tests as short as 38
Yours are acceptable for freshwater
ciadocerans and midyes. and {or
embryos and larvae of saltwdter
barnacles. bivaive moiluscs seq urch:ns,
wubsters. crabs, shrimps and abalones.

6 \\hen available. 96-hour EC30
vaiues based on the percentage of
vrganisms immobilized plus the
sercentage of organisms killed are used
instead of 96-hour LCS0 values for fish:
comparable EC50 v alues are used
instead of LC30 values for other species

7. The requirements for using the
results of tests with aquatic plants have
been made more stringen:

Two additiona! appendices {Appendix
1 and 2} were added as part of the
guidance. Appendix ! was added to aid
in determinung whether a species should
be considered resident «n North Amenica
and 1ts taxonomic classification.
Appendix 2 provides guidance for
caiculating of a Fina: Acute Value

(FR Dot $4-2122 Filed 2-4-84 845 ars|
BILLING COOE $340-60-M

FEDERAL COMMUNICATIONS
COMMISSION

Meeting of the Telecommunications
Industry Advisory Group Steering
Committee

Pursuant to section 10(a)(2) of the
Federal Advisory Committee Act (Pub.
L. 92-453). notice is hereby given of a
meeting of the Telecommunications
Industry Advisory Group Steering
Commitiee scheduled to meet on
Thursday and Friday. February 23 and
24. 1984, The meeting wiil be open to the
public. The meeting times and location
are as follows:

Thursday. Februory 23, 1984—8:30 a.m.

FCC Meeung Room # 330, 1200 19th
Sireet NW.. Washington, D.C.

Friday, February 25, 1984

FCC Meeung Room #856, 1919 M Street
NW., Washington. D.C.
The sgenda is as follows:

I Review of Minutes of Previous Meeting

1l General Administrative Matters

ili Review of Auditing and Regulatory
Subccmmittee Report on Recent Tax Law
Charnges

IV Review of Reports to be submitted to the
TIAG Assembly

\' Other Business

\'l Presentstion of Oral Stutements

Vil Adjournment

Witk prior epproval of the Chairran,
Geraid P. Vaughan. oral statements
while not favored or encouraged. may
Ve allowed if time permits and if the
Chairman determines that an ora!
presertation is canducive to the
efiective attainment of Steering
Committee object:ves Anyone not a
member of the Steering Commitiee and
wishirg to make an oral presentation
should contact Stephen T. Dulfy, Group
Vice-Chairman (202) 6341509} at least
f:ve days pricr 10 the meeling date.

William ] Tricarico.

Secre!:ry. Federa! Communications
Comriss.on.

[FR Doc. 84-31) Fried 31-6-84 843 om]|
BILLING CODE $712-01-M

Telecommunications Industry
Advisory Group income and Other
Accounts Subcommittee

Pursuant to section 10(a){2) of the
Federal Advisory Commitiee Act {Pub
L. 92-463). notice 18 herby given of &
meeting of the Teiecommunications
Industry Advisory Group's (TTIAG)
Income and Cther Accounts
Subcommuttee scheduled for Thursday
and Friday. February 16 and 17, 1984.
The meeting will begin on February 16
at 9:30 a.m. in the office of GTE Service
Corporation. in Tampa, Florida, and will
be open 10 the public. Please contact the
Subcommitiee Chairman, Glenn L
Gnffin (214) (659-3484) for details on
meeting locations. The agenda is as
follows:

I General Administrative Matters
11. Discussion of Assignments

lII. Other Business

[V. Presentation of Ora! Statements
V. Adjoumment

With prior approval of Subcommitiee
Chairman Glenn L. Griffin, oral
statements. while not favored or
encoursged, may be sllowed at the
meeling if lime permits and if the
Chairman determines that an oral
presentalion is conducive to the
effective sttainment of Subcommitiee
objectives. Anyone not a member of the
Steering Committee end wishing to
make an oral presentation should
contact Me. Griffin ([214) 859-3484) at
least five days prior to the meeting date.

William |. Tncarico,

Secretary. Federal Communications
Commussion.

IR Doc 08-3i17 Filed 26-84 045 am|
MUING COOE 6713014
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Camac Broadcasting Co., Inc., and
Walda Rose Spears; Applications for
Consolidated Hearing

1. The Commission has before 1 the
following mutually exclusive
app.cations for a new FM station:

T
1 (=)
ADD=CAN. oty ‘31898 1 Foe No Ookae’
No
L
A Camac lm\g'm.;:uvw_-q‘ [V
Co nc Reverwt 5 C ‘ i
8 Waas Rose Spean. As 841

P EIAAA .
vornti SC . i

2 Pursuant to Section 309(e) o! the
Communications Act of 1934, as
amended. the sbove spplications have
been designated for hearing in a
consolidated proceeding upon 1ssues
whose headings are set forth below. The
text of each of these issues has been
standard:zed and is set forthin s
entirety in a sample standardized
Heanng Desigrnation Order {HDO)
which can be found at 48 FR 22428, May
18. 1883. The issue headings shown
below correspond to issue headings
conta:ned in the referenced sample
HDO. The letier shown before each
applicant’'s name, above, 13 used below
to signtfy whether the 1ssue in question
apples o that particular applicant.

Issue Heading and Applicant!s)
1. Au Hazard. B.

2. Comperstive. A. B

3 Ulumate. A. B

3. U there is any non-standardized
issue{s) in this proceeding. the full text
of the issue and the applicant(s} 10
which it applies are set forth in an
Appendix to this Notice. A copy of the
complete HDO in this proceeding may
be obtained. by written or telephone
request, from the Mass Media Bureau’s
Contact Representative. Room 242 1919
M Sireet, NW., Washingion. D.C. 20554.
Teiephone (202) 632-6334.

W. Jan Gey,

Assistant Chief. Audio Services Division,
Mass Media Bureau.

{FR Dec. 84-3308 Filed 3-4-8¢ £:45 am|

SILLING COOE 6712818

New FM Stations; Applications for
Consolidated Hearing; Don and Gail
Stubblefieid and John E. Elsner

1. The Commission has before it the
following mutually exclusive
spplications for 8 new FM slation:

(V7]
ASohcant, oity. and siete Fas N mn
A Oon and Gas Sattee | BP-821110AL s
el Wetdd Cay Mo



T TRIATMENT TECHNCLOGIES

PO RN

I e e

The removebility matrix (Table 1, next page) on the following
Faces shows technolog es which hav the potential to remove a
specific pollutant. Thus, 1f an industry has a polluticn problen
fcr one of the listed ncnconventicnal pollutants, technologies
which have the pctential to remcve the pollutant of concern can

be determined, and investigation of the technclogies can
commence.

Blank spaces within the matrix indicate that data relating the
technclegy with the pellutant is nct ava;lable and therefore It
is assumed that the technclogy is not a feasible alternative fcr
the removal of that specific pollutant. Due to a limited data
base approximate removel percentages of each pollutant by each
technology were nct availakble. However, further investigaticn
intc the Treatability Manual and many ¢f the cther references
listed in the tack of this report rmay revezal the effectiveress cf
the technslocy-in remcsving a nonsonventional pecllutanc
RBENCE-SCR_E STUTIES

Bench sczale trezzzriity studles are nermelly reccmmended e
determine 17 a treatrent technclogy is erclicable fcr a specific
pcl_utant. These stulies can deternmine pellutant remcovability
anZ CoTimum cperating ferearmeters. The fcl-owl“g sect.cn de-
scrifes a generel arprcach Lrn performing a Pench-scale stuly Icor
each technclccy menticned 1n the matrix table (Tekle 1). 7This
agcrcach will previcde the reacer wioth ceneral knowlelge of the
renzn-scale study, 1ts chermlcals, meterials, ezuipment, treztment
ver.atles, general process steps, ancd cesign criteria. This
repcrt is limi<ed (o the extemt-that the TrIterl& ancd cdesign
steps givern prcvide the reader with a general knewledge of wheat
is reguired "o a bench-scele stuly, nct a detailed experimentel
Cesign fcr either a full-scazle cr bench-scele study. When a
detailed benchn-scale stuldy is desireé, the techacloegies should e
investigateld further in the references given i1n Tablie 2 (pagce &)
The acrprcach teken fcr this report is kbroken into two main parts
for each techrnology: pecliuvtant applicability and treatability
arprcach. The pollutant applicability lists the nonconventional
pcllutants remcved by the technclogy The treatability approach
lists the chemicals and materials reguired for the bench-scale
study Also listed is the type of apparatus, the apprcximate
apparatus size needed, znd the pollutant loadlng factors, 1if
applicable. A general cperatipg procedure for the study is
included, as well as the operating parameters to be tested and

the recommended results and analyses to be obtained.

Frccedures and ecuiprment needed to analyze for the various ncn
cenvent:icnal pollutants can be found in Reference 17.

()
\



TABLE. 1. NONCONVENTIONAL

POLLUTANT = TREATMENT TECHNOLOGY REMOVABILITY MATRIX

con

Sedimentation

Scdimentation with Chemical
Addition

Gas Flotation

Gas Flotation with Chemical
Addition

Filtraton (Granual Hedia)

Ultrafiltration

Activated Sludge

Trickling Filter

l.agqoon

Rotating Biological
Contactors

Steam Stripping

Solvent Extraction

Carbon Adsorption

Chemical Oxidation

Air Stripping

Nitrification/Denitrification

fon Exchange

Reverse Osmosis

Dechlorination

Ozonation

X

> =

o » o M X

o -

P i S

ES

lron PhosphoznunA Ammonia Foln[“__qkumigum

Fluoride Manganese

TOC

> x

> 3 X XK XX

X X X o= ox

(-2

(continued)



TABLE

Sedimentation

Sedimentation with Chemical
Addition

Gas Flotation

Gas Flotation wvith Chemical
Addition

Filtraton (Granual Media)

Activated Sludqge
Trickling Filter
l.agoon
Rotating Biological
Contactors
Steam Stripping
Solvent Extraction
Carbon Adsorption
Chemical Oxidation
Air Stripping
Nitrification/Denitrification
lon Exchange
Reverse Osmosis
Dechlorinatiion
Ozonation

Barium  Tin
X
X X
X X
X X

*Not removed by anaerobic lagoon.

“Not removed by aerobic lagoon.

L (continued)

_TKN

X

>x

EL P - - 4

A

o A S e

>

Free

r 3

=

Organic
X
X
X
X
X
X
X
X
h

X X

X X
X
X
X
X

X X

X

X X
X

Cotrosion
~{hilorine  Sulfide Nitrate  Nitrogen  Ishibitor

3

Surfactaq}g

x o x =
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CETRILED DESCRITTION

sl el ol ilaal ¥ T 1 ]
- R...r.- Jelava

TECENGCLOGI

s S i e

Reference

Pace

Sedimentation
Gas Flo%tation
Filtration

. .
vitrafiltratcn

Aztivated Sludge

Trickling Filter

- n e

- ———— a -

......

Ox.Zaticn
Stripring

Crem:ceal
Alr

Nitr.fication/veniwrificatieon

Reverse Osmosis

Dechlorination
Ozonation

N W U R Db W DWW

')

L3
PNDWh DU WRM R N WWNDUVWPDOUW

—

—
DO WD B DN W

201-221
A-88
221-227
A-96
227-252
362-373
A-98
22-1
43-1
470-522
725
A-38
442-452
534-546
A-80
433
£52-28t3
A-58
551
£452-453
A-70
AR-7C

2a11 technologies are included in Volume I11

Treatability Manual.
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SEDIMENTATION

Pollutant Aprlicabilitv

pollutants: chemical oxygen demand (COD), total organic carbon
(TOC), total Kjeldahl nitrogen (TKN) and organic nitrogen.
Sedimentation with chemical addition can be used to remove these
ncnconventional pollutants: COD, iron, phosphorus, color, alum:-
num, fluoride, manganese, TOC, barium, tin, TKN, organic nitrogern
and corrosion inhibitor.

Treatability Approach

Chermicals such as lime, alum, polymers, ferric chloride, and
sulfide may be added to enhance the settling characteristics cf
uspencded particles or to precipitate dissolved materials. These
chemicals may be added either individually or in varicus

ccrZlnaltlichis.

Fcr gravity settling of discrete particles (no chemica.s adied),
a2 fench-scale study would reguire a 1 or 2 liter cyl:inder as the
necessary eguipment Particles cf known diameter and density
trnat are representative of the wastewater ¢of concerrn are inser:ed
1nIc the cylinder filled with water. Meastrements of dis<tarce
settlel versus time are taxen. A settling rate can be determined
and used tC designm & pllcti-scale grit end settling chatter. Trhis
Filct-scale study 1s descrized leater in this section.

Fcr flccculant-ziced setiling, which commonly occurs when cher.-
cals are acced, the apraratus fcr a bench-scale study shoulsd
arpreximete a 20-liter cylinder_with sample ports &t several.
intevals The crermicel 1s added toc the wastewater in the cy-
linder and mixecd by stirring urntil a uniform mixture is obtained.
The mixture 1s allowed to settle and the settling distance :.s
reasured at various time 1lntervals. Samples are also taken at
varicus time intervals tc determine solids loadings. From these
samries and measurements settling rates and total percent re-
movals can be determined. Variarles for this study inciude the
chemical(s) added, 1i1ts ccncentraticn, and the influent wastewater

solids concentraticn.

A larger scale, continucus-flow, bench study may be performed.
Apparatus needed include a 3-l:ter rapid mixing tank, a l-m?
fioculation tank and a 6-m3® setting tank which has the inlet at
cne end and the effluent weir at the opposite end. Note these
are approximate and mey-vary brased on hydraulic load, detention
time and settling rate. The influent wastewater and flucculating
chem:cal(s) are added to the rapid mix tank. Slow mixing occur
in the flocculation tank and settling occurs in the final tank.
Concentrations of the influent and effluent from the settling
tank are measured and percent removals determined. Parameters

C-5



continuous-£flow system include the influent scl:ids
zticn, the chemicel(s) added and its concentraticn,
tion time, settling time, settling rates and settling
e (length tc width rataic).

Nmnm

GAS FLOTATION (DISSCLVED AIR FLCTATICN)

Pollutant Apvlicability

Nonconventicnal pcllutants removed by gas flotation may include
COD, phosphcrus, TOC, TKN, and organic nitrogen.

Treatabilitv 2Arproach

To enhance the flotation characteristics of the pollutants,
chemicals, such as alum, lime, polymers, ferrous sulfate, ferric
chloride, and sodium aluminate may be added. Apparatus reguirec
tc ccnduct a bench-scale study include a 1- to 2-liter capac:izty
pvecs;&-zed cylincder, a mixing tank, and a 2- to 3-liter flcta-
ticn tenk with an effluent removal point. Steps fcr the tench-
scale study may be as fcllows: saturete water with air in the
pressurized cylinder at about 40 to 5C psig for several riinutes.
ACZ wastewater and flotaticn-z214 (if applicatle) in the rap:3d rix

tank, which flcws to the flotation unit. Allcw the air-saturated
water tc mix with the influent by Intrciucing the twe strearns
rear the same pecint in the flctation unit. Air buttles will
gdnere tc the pclliutents and rise Tc the tcp cf the fictaticen
UnltT caerrying the pcllutants to the e Inflvent and efflcent
corcentreticns are measured by sarmpling the appropriate streerms
and percent remcvals eare cdetermineld fcr the peollutant of concern.
Ferfcrmance 1s Lbesed cn the air tc sclids ratio recuired tc
achieve a given degree cf clarificaticn Other parareters in-
clule the ccncentraticn of perticulete mzster, the-guaniity cf
air used, the rarticle rise veloccCcity, the sclids lcading rate,
ar.d the chemical added and its concentration.

FILTFATION

Pollutant Azclicability

Nonconventional pcllutants removed by the filtration process may
include COD, color, TOC, TKN, and organic nitrogen.

Treatabilitv Approach

A large variety of media can be used for bench-scale studies on
filtration. Gravel fine sand, and anthracite coal, used ind:-
vidually or in combinations, are the most widely used media. The
suggested apparatus for the study is an a2pproximately 1l- to 3-m
deep cylinder with a crcss-secticnal area of about 0.1 m?. For
prcper operation, the cylinder will require a wastewater influent
and overflow valve at the top and an effluent and backwash
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ACTIVATED SLUDCE

Pocllutant Avplicarility

-1

conventicnal pecliuvtants: COD, phesphorus, ammonia, color, T
TRN, sulfide, organic nitrogen and surfactants.

Activated sludge may be effective in remcving the following n
&

Treatabilitv Arpcroach

The apparatus needed fcr a continuous-flow bench-scale studv cn

activated sludge 1s a chamber of approximately 0.5- tc 1.0-z°
voiume with an inlet for air, a second inlet for the wastewzter
feed an octlet for the treated effiuent, and an ad-ustatle

baZfle to separate the chamber into the aeraticn and se:t;lh;
steps. The wastewater feed unit should be a flow controlled

- v Ry 8 Ty Y. | A A
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TRICKLING FILTER

Pollutant Applicakility

Nonconventional pellutants removed by trickling filter
amrmonia, colorae TOC, TKN, organic nitrogen, and surfac

Treatability Avpreocach

The types of mecia most widely used in trickling £filt
tions are rocks, wooden slats or plastic forms. Agppa



to perform a bench-scale study 1s a drum apprcximately C.5- to
1.0-rr in diameter with supports at the bottom to ccntea:in the

media but allow the effluent to flow through, and a systerm that
will provide an even distribution of the wastewater over the
media. Media is placed in the drum at the desired deptn. I
ent is applied to the media and allowed to trickle thrcugh ¢
media. A microbial growth occurs on the media which in turn
provides for the uptake and oxidation of the organics in the
wastewater. An adeguate air supply for the microcrganisms ¢
prevent anaerobic conditions is required. Effluent ex:ts &t
bottom of the drum. Hydraulic loadings are approximate.y C.Z
0.48 kg/m3-day, both for an intermediate-rate filter. Efflue

- - -
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tions to obta:l n th e percent removals. Settling of the efi_cenz
after the trickling filter may be necessary to elim:inate the
biclcgical solids. Recycling of the effluent to the influent
line to reduce the organic loading concentration and irg
treatment efficiencies is often used and should be cons:
nt rarameters are pE, temperature, media type ani Zszin.
nic and hydraulic lcadings. Slow rate anc -
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gocns may be operatec in three general methods: a
c tive, and anaercbic. The aerobic method may be
5 -
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-

caily naturally aerated. The mechanically aerated .
similar to an activated slucdge process, except that the
usually no recycle of the biclogical solids. Thus, & ben
study for the aerated lagocn would be similar to the a::;
sludge study discussed previously. The aerobic lagoon ut
the natural growth of algae to supply oxygen to the sYs .e*
with other natural mechanisms. A bench-scale study for the
aerobic lagoom would be similar to the activated sludge but
without the fc¥céd air to the system. Depths for the aercbic
lagocn study should be slightly less than the activated sludge :icn
er der to maintain aerobic conditions throughout the lagoon.

Alceae must be maintained in the system at approximately 40 to 1CC
mg/L concentration as the oxvgen released by the algae 1s useé¢ v
the bacteria in the aerobic degradation of organic matter. The
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nutrients and carbcn dioxide released in this degradaticn are, i-
turn, used by the algae. Ferfcrmance depends on organic lcel:ing
degree of pond mixing, pH, nutrients, sunlight and terperazur

As in the activated slucdge process influent and effluent ccrncern-
trations are measured to determine efficiency of the system.
Aerobic lacgoons are often used in series to improve remecva.
efficiencies. Full-scale aercbic lagoons vary in depth (0.
1.5 m), pond size (0.25 to 4 hectares) and detention time (
20 days) depending on rate desired, available area, and org
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Ncrnconventionzl pecllutants removed by an RBC unit are T, fios-
phorus, ammcnia, color, TOC, TKN, sulfide, nitrate, orzan:c
nitrogen, and surfactants.

Treatability Eprtroach

Apparatus needed for a bench-scale study of an RBC is éisc unis
(usually plastic) with a surface area of approx1m tely 20 T Il
m?/m3 that isasubmerged about 40 to 50 percent in the wastiewaler

and rotates at approximately 7.3 m/min (peripheral speecd). Trese

figures are apprcx;mately 40% of full-scale unit requirere"’

[41. A contirnuous flow of wastewater 1is appllec to the systers as
1fluent enters the tank where the disc is snbmerged 3i1C~

N -~

g-CW".'l occurs on the p-as»lc disc surface. 2s the disc
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wastewater cccurs, prov.éing for the urtake of the organ:c T
roctation of the disc alsc Keeps solids from settling in the dis

ank, provides oxygen to the bioclogical growth, and shears exce
growth from the disc surface. After desired detenticn times ar
achieved the effluent ex:its the tank area. Usually settling of
the sclids is required of the disc tank effluent. 1Influent ani

rotates, contact between the bilomass and crganic meterial in the

settled effluent concentrations are measured to determine remove

efficiencies. Organ*c and -hydraulic loadings for the disc unit

S
C .

must be simi.lar to a large scale facility. Recommended values
are: an organic loading of about 0.48 to 1.0 k? cf BCDy/m® of
media_and a hvdraulic lcadéding of 0.03 to 0.06 mi/day/m? cf
media®. In most cases multiple units are applied in ser.es tc
imprcve treztment efficiencies. Treatment parameters are crcan.c
and hvdraulic loadings, temperature, detention time, percen:
submerged, rotaticnal velocity and pellutant to be removed. Fer
nitrification of ammonia and organic nitrogen and denitrificat:cn
cf nitrates, detention times are extended, organic and hydraul:ic
loadings should be less, and additicnal units may be necesszry
STEAM STRIPFING

Pcllutant ATT.icabil:itvy

Stear stripring can ke usel tc remcve the fcllowing ncnccnven-
ticnel polluzTants CIZ, eamwcnia, T2C2, TKRN, sulficde, and crgan:ic
nitregern

Treztabilitv Arorcach

A veriety cf cclumns can e usel fcr the stripping process

Among therm are a packeld tcwer, a sleve tray distillaticn and &
turzzle car distillatien columt T Eguipment recuired for a bench-
scale treztartility stucdy using a packed column includes feed
tan¥s, heat exchancer, ané gpumps The column should be akocut ¢-
©¢ 3C-cm 1n diameter, 1.2- tc 1.€-m high, with Rashig rings oI
Ber. sadd’es as ccmroonly used packing materials. Full-scale
cclumns vary between C.€- and 3.1-m in diameter ancd 1.2- tc 1Z2-&
high. 7Trne feed water is purped frcm the feed tank though th
heat exchencer where 1t is Lbreought to near boiling point tempera-

tures. The wastewater enters the column near the top from the

side and is distributed everly by a common unit such as a sgray

cistributor. The wastewater flows down the column by gravity.

Stean enters from the si.ce at the bottom of the column and f£Icws
Up the column 1n a countercurrent fashion. The 1liguid anc stean

flow rates are sometimes expressed as a liqu'd to gas_ ratio.
Bench-scale flow rai®s should pe approximately 0.36_m3®/day for
liguid anéd 0.1 m3/cav for steam at about 1 to 2 p51a Full-sca
rates are as high as 45 m3/hr at 5 to 11 psi [4]). Effluent is
led to the

f
drawn off the bottom cf the column and can be recycle

dcata frem Treatability Menual, Volume III.
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influent Ccndensate is remcved from the top ¢f the column. The
influent and effluent are analvzed and conpa*ed fer final trees-
ment efficiency. Operating parameters are feed ccncentratiens,
wastewater temperature, pressure, pH and llquld and gas feec
rates. Stripping cclumns are coften divided 1ntc several transfer
units, each unit being separated by a redlstr-bu,¢o“ and pacsing
suppczt plate, to improve treatmnent efficiency. Calculating the
rnumber of transfer units for a bench-scale or full-scale un:t :s

_____ Tom A L e o mars e Py N T TP R TRy S, B e SO
desClillcd 1l sevolial VL 1T IClClClllC pUllLlLItCalLlWilD.
Pt it et CaaliR ol iecb o B N aleah i ak M
SOV VLG Llia ~ s s VIV
DAYVt armée Amem I~k T8 o
UL - weisb ARrvd iV ad o u;
Wammrmmitanmts mrmal maAallesameen sramavrad Ay eAluant aveEyramed awm V0 - S
VWi vilivVOLi LA ViiG e FV‘-u\-Gllba PASTITA S A 2 = HI w2 d V Cid Ve wd B o Wi \‘-\a_———
liguid extraction) are COD, color, TOC, TKN, organlic nitrcgern,
and surfactcants.
Mranad=hviber Rewmyrm e,
B e e i EX el T A R
Amrcng the rany so.vents tha+t can be useld for the extractacr

rcng the many solivents that can be used for the extracticn
process are cruce oil, light cll, benzene, toluene, 1sopIozyi
ether, tricresvl phoschate, 2nd others. Thexre are tws tipes c¢f
extracticn co.urns thet can be used, sirmrcle gravity and rechani-
czllv agitazted. The sirzle gravity can ke the szray, sirszle
pacxed cr perfcrzted plzte tyre. The mechanically agirtatsl TiTe
can be thne fulsed packed, pulsed perfcrated or reciprccaiing
F.2te t»re. Facrel towers use a commen packing mac
Eerl saciles Arparetus for & labcratory bench-sca
€tanizrd serarazcry funnels. Using large batches ¢f s
222 the gzlvent ané wastewater to Zhe funrnels. Invert
nels arprecxarmetely 5C times per 1 <c 2 minutes 1g¢ reach eZul.lI-
rium extrazticn steacdy-state cenditions

2

CATTIN ATGATDTIAY
Pollutant Acclicebility
Carbcn adscrzticen can be used to remove the following nconconven-
ticnal pollutants: COD, phospherus, cclor, TOC, TKN, organ:ic
nitrogen, corrosion inhikitor, and surfactants.

Materials and apparatus needed to perform the bench-scale stuly
are several l-liter jars and mixers, and granular or powdered
carbon. Various known ameunts of carbon are placed in each jar
ranging from approximately 0.5 to 50 grams depending on the
nollutant concentration to be removed. Five hundred milliliters
pellutant concentration to be removed Five hundr

of wastewater are placed into each jar and mixed for 3 to 6

qobtained frem Treatability Manuel data sheets, Vclume IlIl.
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hours. Samples are teken and anzlyzed for pollutant cc
tions. Reroval efficiency is determined by ccmparing the :nit:
ancd the fzual cencentraticn of the pollutant. This data can
be used to determine an adsorption isotherm that describes i
amount of pollutant adsorbed as a function of the pollutant
concentration. Depending on the results obtained, with the
suggested carbon dcsage range, it may be desirable to repeat tns
above procecdure using a different set of dosages to further
define the isotherm characteristics and removability potent.ial.
Additional continuous-flow bench-scale studies can be perforre_
similar to the filtrat:ion bench-~scale study prevaousl y discussed,
except thart activated carben 1s used as the media. .“-s tvpe cf
bench-scale stuéy is performed to compare various carbton satples,
check head loss agezinst flow rates and bed depths, check backwash
flow rate and efficiency of the system for pollutant remecval. o
either study, parameters ﬂ*a* affect performance are the influent
characteristic ancd concentration, the adsorptive properties cf
<he carben and the amount cf a::ivated carbon used.

=3
€

Follutent Atotlicafilily
Necnconventicnel pcllutants remcved bv chemical coxidaticon are:
222, amreonla-niTrccen, colcr, TIZ, i, sulfice, rgan.c nitnIc-
cen nd suriactants
Treatzbil:cTv iToroach
Mamy exidizing ecents can fe used in this chexical process, such
as chlcrine, crone, polzssium permancanate, hydrcgern percriie.
cnremic ac:d, scliuwn hupechlcIite, celc *Lm_hypoc“;o:;:e gnd meEnv
cirere. (Czcrne and czcrnaticn ere cdiscussed 1n & later secticn.)
Cerending cn the cxidéizing acent used, the pH may need to be
ad-usted tc prcovide cptimum cenditicns for the ox1dlz ng prscess
nd this can be accenplished by adding an appropriate acid ¢r
alkal: krparatus regulred for the bench-scale '"dy 18 & mixlnEg
vank, uses to mix the cxidizing agent and wastewater, and a
seTtling tanx ¢ p:eci;;tate any inscluble oxidized material,
etals, or cther resicdues. The first step in the process 1is <&

add the appropriate chemical to acdjust the pH. Next, in the
mixing tank acéd the cxidizing agent and the wastewater. Addl-
tional time may be allowed tc ensure complete mixing and cxici:i-
ing. Depending cn the oxidl zlng agent used, heat may be liber-
ated and cocling of the sample may be necessary. Additional
steps of adding more cxicant, readjusting the pHE and adding mcre
cxicdant, may be desmred. After all reactions are complete precip-
itaticn in the settling basin is suggested. The effluent from
the settling tasin is compared tc the original concentration to
determine percent remcvals. Parameters for this test include the
ox:d:izing acent used, its concentration, pollutant removal de-
sired, and pH.

13



Alir stripping may be used to remove the following nonconventicnal
pollutants ammenia, TKN, and free chlorine.

Treatabilitv Approach

Chemicals and materials required to perfcrm a bench-scale stuZy
are lime [Ca(OH),] which is used to raise the pH cf the waste-
water prior tc the stripping tower and a packing material, eirzher
plastic, wood, or PVC pipe, about 1.3-cm diameter. Apparatus
required for the bench-scale study inludes a rapid mix %tank, a
flocculation tank (for slow mixing), a settling tank, and the
stripping tower. A full-scale stripring tower is about €- o
7.5-m high and eguipped to handle a 2.4 to 6.0 m3/m2/hr hydraulic
lcading and a 2,25C *c 2,740 r? air/m® liquid air flow. Bench-
scale zpraratus should nct be as tall as a full-scale ur:it,
hcwever,” the hydraulic lcading ané air flow should te similar o

the full-scale unit. The first ster in the procedure is tc
cetermine the asrrexirmete amcunt of lime to add tc achieve a pH
cetweer 1C.% &and 11.5. The lirme slurry and the continucus flecw
ci wastewater are mixed in the rapid mix tank ard slcw mixed it
the L_ecoou’z>-on tany. Calcium phosphate ané calcium certbsonate
are setti.ed cut in the settliing kasin. The wastewazter flcws ¢
thne tor cf the tcwer and trickies down through the packing while
the air flow enters from the sides and up the tower in counter-
current fashicn. The interacticn of air end treated wastewzisrs
strirs the armmoniz end releases 1t Intc the atmcsphere throuzh zao
cut.et &t the tcp ¢f the tower. The effltent, which flcws cus
the rctiem ¢f the tcwer, 1s anelvzed and ccmpared with the nilu-
ernt concentreticn ¢f ammenia To determiné treatment-efficiency
Recarbonation and settling cf the f.nal effluent may be Jdesi.red.
Parameters for the stucdy are pkE, temperature, air to licu:d rzz.:
ancé packing maeterial and density.

NITRIFTICATION/DENITRIFICATION

Pcllutant Aprlicaebility

Nonconventional pecllutants removed by the nitrification/denisri-
fication process are: ammonia, TKN, nitrate, and organic
nitrogen.

Treatabilitv Aprrcach

There are several ways in which the nitrification/denitrificeticn
cf wastewater can be performed. Some of the methods are a trick-
ling filter, a rotating biological contactor (RBC), an oxidaticn
ditch (modified low-rate activated sludge process), ané & pacxei-
bed reactor. Bench-scale studies have been presented previcusly



cases longer detenticn times are required so that a.l cf the
nitrogen 1n the raw wastewater is converted to nitrate {(ni<tr:{
cation step) prior tc the anaerobic (denitrification) ster.
Lower BOD lcadings are also required. The effects of temper
on the nitr:ificaticn/denitrification process should be
ccnsidered.

fcr all of these rrocesses, excert an oxidation ditch. In zl.

§ir

An oxidation ditch 1s similar to arn aerated lagoon, except thez<
there is a constant flow around the ring-shaped ditch. The
fuill-scale operation for an oxidation ditch requires a rinc-

shaped channel eprproximately l- to 1.5-m deep, a mean cel. r
tion time of 20-3C days, and a hydraulic detention time of .
hours. Bench-scale operations may need to operate at near f.
scale ccnditions to ensure proper removal efficiency. Influe:
is added at cne end of the ring where it is aerated and circu-
lated by a rotor. The effluernt is drawn off at the oppcsite enz
of the ring from the influent. Further description cf the
process can be found In Metcalf and £Z48y [2]). Treeatment pzra--

eters inclucde organic ané hydéraulic loaclngs detenticn tirme.

- -

mean cell retenticn time, and flow velocity.
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Nencenventicnal pollutants removed by the lon exchange prccess
&re: lren, phesgherus, ammonia, ccler, aluminum, mancanese,
Parium, tin, TKN, nitrate, corrosion inhibitor, and surfactancs
TreztaZlllTv ATIIcach
There ere & .arge nurmZer cf 1on exchange materials thet can e
vsed fcr pellutant remcval depending on the contaminant and :-:s
inflcent cc:ce::ra.lcn. Some ccensideration to the prcper ex-
changce materie: shculd be completed prior toc commencing the
study Frgaretus recp;-ed fcr a bench-scale study inciudes a
cy.indrical icn excrange bed, tanks for solution storage, and
wrter cf purps. Depending c“ the wastewater to be treated and

the excrhange resin used, filtration units before or an ammcnie-
t:;pp ng unit after the ion exchange unit may be necessary.
teps for the treatability tests are to pack the coclumn with the

exchange resin to a depth of apprcximately 0.25- to 1.0-m.
Wastewater 1s added at the top of the exchanger under pressure,
passes through the resin bed and exits at the bottom. Hydraul:ic
loacdings shculd be appreximately 0.2 to 0.4 m3/m2-min. Once the
bed :s exhausted Dbackwassing, regeneration and rinsing processes
should be tested to check on economics of the technology. nflu-
ent and effluent ccncentrations are measured and percent remcva.s
calculated to determine the technology feasibility. The factcrs
that affect perfcrmance are the exchange capacity (a measure of
the totel uptake of a specific ion), selectivity (preference of



one kind of exchangeaf:e icnh cver ancther), and functionality
h

(types cf ions that are exchanged) of the res: 'C stage
exchangers are often used to improve treziment perfc::ance anz
remove a larger variety of pollutants. The wastewater s firss

passed through a cation exchanger where the pcsitively charges

ions are replaced by hydrogen ions. Then the wastewater passes
over an anionic exchange resin where necative ions are reclaced
by hydroxide 1ions.

REVERSE OSMOSIS (RO)

(=)

Pcllutan*t Arplicebil:ity

{8
()

Nonconventional pollutants remcved -y reverse osmosis are i

ren,
phespherus, ammonia, cclor, aluminum, flucricde, manganese, narius
tin, TKN, nitrete, crganic nitrogen, ccrresion inhibiter, and
surfactants.

Treatabilitv iztoreach

The chemicals regulrecd for a bench-scale treatability stuly weull
be thcse used te lcwer the pE to a rangce of &4 to 7 in orier o
Frevent scaling. Mem:irane materials zre widespread, wi.th the twe
mostT cemmen types beilng cellulcse acetate ané nylon. The arza-
ratus for the treztatility stuldy includes pretreatrent eJuLprent
2 reverse osmos.s un.t ané a high tressure pumz. A typical
full-scelie crerzticn woulcd reguire gbcut 4300 te 60C psi pressure
at atcut 20 to 25°C Tre wastewater 1s first pretrezted, usually
with a carkcn adscrriicen unit. The flcw then goes 1ntl the Rl
unit &t cne end under pressure and the rerkrane separates the
pSLlutent anc product weter. The preoduct effluent exits =T poIis
at the sicde anc the ccncentrated trine ex.ts at the cgpecsote enc
to the influvent. Influent and-efiluent TenmecentratIions ere rezs-
vred and compared tc dete:r:. treatrent effiiclencies. Flux
rztes th.cngh tne mernzrene should be arcreximately 0.20 teo C.tl
r?/day/m?2. ©Pararteters affecting performance include the remirane
type, the operating pressure and the pcllutant to be remcved

Follutant Applicabilitv

Dechlorination is used to remove the free or combined chlecrine In
wastewater.

Treatability Approach

Commonly used chemicals for the reduction of the chlorine are

sulfur dioxide (SO,), sodium sulfite, sodium metatisulfate, and
scdium thiosulfate. For a bench-scale treatability stucy appa-
ratus reguired will be holding tanks fcr the SO, gas and waste-
water, injection lines for the SO, cas, an ecductor, and a2 mix.n



tarnk. Because the recuir contact time for the SO, ané chlcr:irne
is small (less than 5 seccnds) a contact charber is not necessary.
Chemical (ccmmonly sullur dicxide) feed rate should be approx:-
mately 1.1 1lb/.b residual chlorine. Feed rates for other cher:-
cals will vary. The bench-scale procedure requires the S0, gas
to flow from the holding tank to an eductor where the SO, 1s
mixed with water to ferm a liguid solutien. This soluticn is
then fed into a mixing tank where the scolution water and chlori-
nated influent are thcroughly mixed. The effluent from the
mixing tank and the chlorinated influent concentrations are
measured ané treatment efficiency can be determined.

ec
~e
~e

L}

The key contrcl parameters for this process are prcper dcsage ¢
SC; baseZd on precise mon:itoring cf the chlorine residual andé
adeguate mixing at the point of arplication of SO,.
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ass Frit diffuser, &
f the reactecr in c:-é
to centrel ges flcow,
iow. The prccecure :s

< “r the czcne_cenerator with oxvgen cv.inder

_ tre sezled glass ccntainers with one-liter cf

ce scliuticn et about & 20 g/L concentration. Fill
with wastewater. Adjust the czonator gas

w to the desired flow rate using the rotometer and diver=
i-reters cf the ges flow through one of the glass containers.

The gas stream 1s then diverted through the waste sample and
ozcrnaticn ccntinues for the desired ccntact time. Samples shcoull
be taken at intermed:ate times. Pass the gas to the remaining
Glass containers to ensure that all the ozone is captured. At
the end of the contact time stop the gas flow and remove the
solutions from the reactcrs. NMeasure the residual concentraticn
of the pollutant of concern and compare toc the original concen-
tration for treatment efficiency. Treatment parameters are the
contact time, the guwantity of ozcne applied, pH, temperature,
concentraticn of was®ewater cdnstituents and the efficiency of
the ozone wastewater contactor. A continuous-flow pilot study
may also be analyzed. For this pilot study or information on the
batch study see Reference 9.
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RATICNALE FCOR TrH: DEVELCOPMINT OF TREATARILITY PRCTOCCLS

The objective cof this report is, first, to provide to indus<rial
or municipal perscnnal a list of feasible treatment alternatives
for controlling specific nonconventional pollutants. And, sec-
ond, to present a general bench-scale treatability approach for
each treatment alternative,

These objectives are achieved in a matrix table of eighteen
nonconvent:icnal pollutants and the varicus treatment alterratives
that can be used to remove these pollutants, and by providing a
general approach to the bench-scale treatability study for each
<reatment alternative listed in the matrix. This general ap-
proaﬂk 1s broken down into the following sections: pollutant

apr 1ca.1llty, which lists the pollutants that the technology has
the potent:ial to remove; and treatability approach, which de-
scribes —~he chemicals, mater:als and apparatus reguired, the
gcenera. steps, *the 1 tant design factors, the results tc be
cbtained, and the cpe ing parameters fcr the bench-scale stuly

o s
RTZRCATC

A. NMazrix Tarle

b Methcis

Trhe & athered fcr the matrix table was compiled through twe
methc FireT, czte was ccrmpiled from Volumes III and V ¢f the
Trezt <y Manuel., Veiure 1Il's sublect material :is Technzlc-
gles. s volure glves a telhno log¢cal cesc*lpt-on primaIy”
funct tasic cpe :at;ﬁg pr:nczples, design criteria, commomn
rodificaticns and aprlicetions, limitaticns, status, environ-

mental impact and chemical recuirements for each technologv. In
addition, pellutant removablllty data sheets for various indus-
tries and summary tables for each technology are included.

Velume V ¢f the Manual summarizes much of Volumes I to IV and
provides a quick reference and evaluation scheme for the NPDES
permit writers, enforcement personnel and industrial or muricipal
personnel. In Appendices C and D of Volume V are tables showing
¥ecdian Removal Efficiencies and Pollutant Treatability Index of
different control technologies for various pollutants. rom
Volume III and Volume V, Appendix C and D, information on pollut-
ant removability potential by the various technologies was
gathered.

The second method for data gathering was through a general liter-
ature search. A bibliography of this literature is shown at the
ernd of the report so thaet additicnal information on technologles
and pollutant removab:lity may be obtained.

(-3



N

Ixplaraticn

The focus of Volumes III and V ¢f this Treatability Manual 1s c=
the ccnventicnal and toxic pollutants with little emphasis on the
ncnconventional pecllutants The matrix table presented in this
repcrt has beern designed to emphasize the nonconventicnal pelluz-
ants as a continuaticn of the Treatability Manual's informaz:cr.
The purpose of the matrix, then, is to show that the marked
techneclogies have the pctential to remove a spec1f1c pollutan

Fcr example, 1f zn indus-rv has a problem of iron in thelr waste-

water, pctential "eatne“; alternatives are sedimentation with
chemicel additicn, filtraticn, chemical oxidation, ion exchange,
reverse OSMCSLS an d ozoraticn

Blank spaces within the matrix indicate that data relating th
technology with the pollutant 1s not available and, therefore, :
1s assumed that the technclegy is not a feasible alternative for
the remcval of thet specific pollutant. Technologles not men-
tiecneld in Tk X were nct ccnsicered In the study because
data were n¢

by

B. EBench-Sce.e ftudl.es

e Methcds

Bench-scele treeterility stuldy infcrmaticn was obteined throuch z
cenerz. l.Terzture search. The kiklicgraphles are listed &t o=
racw ¢f trnis reccrT. Various tar-test andéd bench-scale stuilies
crerztlng perameters, cdesigm criteria and process steps were
feund i the wvericus repcrts and the tests and criteria ross
regresentative ci this recort were used.

2 Exzclanaticn

ot
b
b
-

& -1ty studies are presented in a general
sonne. with a treatment problem to prepare Icr

angd u“derstand th ragnitude cf the s;u_} and to prov*oe the
atprecximate steps reguired for the study. For many of the tech-
nclogies, additional information may be des'red if an in-cdepth
bench-scale study 1s to teke place and it is suggested that the
references at the end of this report be consulted. Some pollut-
ants may be remcved best by a combinaticn of treatment processes,
such as filtration before a carbon adsorption system, however,
these combinations are not wvithin the scope ¢of this report.
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Rev:ew 0f State Mix:ing Zone Policies

A review 0f individual State nixing zone policies (listeZ
on pages 3 and 4 of this appendix) shows that forty eight of
the 50 States maxke mention of a mixing zone in sone fornm.
Trirty-one out of 50 states (and 2 terr.tories) include actuel
m:xing zone dimensions in thelr weter guality standaréds. For

strears, 17 of these 3] states model their rixing zone guoidel:ires

& - - T - - Y & - -

Ci trne strear f.owW, anc tne remalining I,4 cf the strear she.l
~ - 3 - - £ - -] -~

e maintained @s 2 zone ©f rascaze for ewimmince and ériftirnc

Tre rermaining States with defined mixing zones vary :in
their reguirements, allowing dimensions from as low as ./3
of the cross-sectional area (Ohio) to as high as 3’4 of tre
cross-sectional area (South Dakota). ©Ohio uses 1/z of the
stream width as a mixing zone boundary. West Virginia includes
a length dimension in its mixing zone policy: for warm water
fisheries, no nixing zone may have a length exceedinc ten tires
the average width of the mixing 2zone, and for cold-water

fisheries streams, no nixing zone may have a length exceeding

£ive times the average width of the nixing zone.



Two states make no reference to mixlng zones at all:

P

Arizona ané Fennsylvania. Accorcdingly, EPA does not recogrnize
any rixing zones :In those States, and water quality reguirenmers:
rmust be met at the point of discharge unless the State and

the acp.:icant develor & case-oy-case mixing zone,

Mixing zore dimensions for lakes vary fromn State to Staze

derending Ccn trhe relative size cf lakes 1in each State. Trree c

'
XN

the gix states tha+c 1nc.ule mixing zone cimensions for lakes

(hlaskz, Delawazre, Florice:® use .(% scrfzce area as a cenera.

Tre gotrer trree .I..:nz.s, lNicn.zan, West Virginia offer
30C-20C00 " radial lirLes eround ZisCnerge pOInts a@as & mixinc Tne
limlt. (Flor.da alsc eri1.Cvys a rac:ial 1imit as well as theirr ..

surface areaz ..m.t Cegenilng Cn o wrnichever Dproves snaller.)

The policy on estuar.es has Deen sonewhat similar to thet
for _akes. In rmost cases they are both grouped together. Thcss
states that dc mention estuaries mixing 2one dimensions (Flor.Za
and D.C.) use 10% cross-sect.onal area as their mixing zone

boundary.



Cs

cross-secticneal
area
Sh = surface area

0 = not listed
State-by-State Mixing Zone Dimenrnsions
State Water Body Dimensions

Alabama 0 0
Alaska river, streams £ 1/3Cs

lakes £ 10 % sa
Arizona 0 0
Arkansas large streams £ 1/4 Cs
California c 0
Coiorado 0 C
Cecnnezticut strears < 1/4 Cs
Lelaware strears < 1/3 Cs

lakes < 10% sSa
D.C. estuary < 10% CsS
Gecrg.e ¢ 0
Flcr:.ca streams, rivers < 800 meters

< 10% total.lengin
leres, estuaries < 128,600 " 200 'radivs.
< 10% SA

Eewz:i U ¢
Icernc ¢ 0
zilli1no:ls all £ 600 £t racius

streams < 1/4Cs
Inc.éana streams £ 1/4Cs
Icwa streams < 1/4 Cs
Kansas streams £ 1/4 Cs
Kentucky streams < 1/3¢Cs
Louisiana streams < 1/4 CS
Maine strears £ i/4 Cs
Maryland 0 0
Massachussetts 0 o
Michigan streams < 1/4 CS

Lake Michigan < 1000 £t racius
Minnesota streams < 1/4 Cs
Ml1ssissippi 0 0
Missouri streams < 1/4 Cs
Montana 0 0
Nebraska ¢ 0
New Jersey streams € 1/4 Cs (thermal)
New Hampshire strears £ 1/4 Cs
New Mex1ico streams < 1/4 Cs
New York streams £ 1/2 CS (thermal)
Nevadca streams < 1/3¢Cs
Nerth Carolina ) 0
North Dakota streams <174 Cs

n-3
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OL10 receiving watercourse <1/3¢Cs
meutn cf receiving £ 1/5¢Cs
Oklahoma streams < 1/4 Cs
Oregon 0 C
Pennsylvania 0 0
Rhode Island streams € 1/4 CS (thermal)
South Carclina 0 0
South Daxota streams < 3/4 CS or

100 yards of
stream wicdth

Tennessee 0 0
Texas streams < 1/4 Cs
Utah 0 0
Vermont streams < 1/4 Cs
Virginia 0 0
wasnington 0 C
west Virginla warm water f£1ish streams < 33% Cs
co.C water f1lsn streams < 20% 73
laxes < 300' any
direction
wi.sccnsin streams < 1/4 CsS
Wy O 1ng < 0
Suar ¢ C
PLertc RiICO streams < 1/4 Cs
M2 < 400 £t
I < 4000 £x
v.rz:in Isiands ccrears < 1/4 Cs



_ _ . . ARPPTTIN E
Dilution Consicderations for Marine Discharces

(excerpted fram the 301(h) Techrical Support Document)

PHYSICAL ASSESSMENT

A physical assessment of the applicant's discharge is necessary to
determine the initial dilution that will be achieved, the zone of initial
dilusion (ZID), anc the farfield transport and dispersion of the effluent.

Municipal wastewater effluent discharged into the ocean through
submergec outfalls creates a buoyant plume that rises quickly toward the
surface, entraining significant amounts of ambient saline water. The
momentum anc buoyancy of the effluent relative to seawater are primarily
responsitle for entrainment of seawater, although in some circumstances
amtbient currents and turbulence also contribute to initial dilution.

G~e conseguente of the entrainment process i1s that the density of the
rising plume becomes greater anc approaches that of the ambient waters along
its trejectory. If a sufficient ambient vertical density gradient or a
stratification 20ne (1ike a pycnocline) is present, the plume can spread
horizonteliy at a level of neutral buoyancy below the sea surface, If a
sufficient density gradient is not present, the diluted wastewater plume
reaches the surface and flows horizontally.

INITIAL DILUTION

Deta Reguirements

Characteristics of the discharge and physical environmental conditions
at the discharge site are needed to calculate initial dilution. Information
is required for the period(s) of maximum stratification and other critical
periods. A diagram or verbal description of the diffuser length and
diameter, port orientation, &nd arrangement with respect to the seabed and
to other ports will be used by EPA to assess the adequacy of the
calculations and the adequacy of the design. For multiport diffusers, the
design flow of each port is requested, as unequal flow may influence the
actual dilution achieved. It is also helpful to have information for the



period({s) of minimum stretification. It is not necessary for the applicant
to calculate the initial dilution for each port but only for that segment of
the diffuser with the highest flow rate per unit diffuser length or for the
port with the highest flow rate.

Effluent fiow cate are required for the computations. Historical data
should be used to determine the minimum, average dry-weather, average
wet-weather, annual average, and meximum flows.

Since initial dilution calculations can be strongly dependent on tne
vertical gradient of density relative to the density of the wastewater,
larger applicants will need to evaluate a substantial amount of data fro~
bcth the cdischarge site anc nearty areas having similar environmertal
ccncitions before seiecting a worst-case density profile. Since ambient
currents may affezt tne initial dilution achieved, @ modest amourt of
current (tnhe lcwest 10 percentile) can be used in precdicting initial
dilution.

Initial gilution is the flux-averaged dilution (averaged ove- the
cross-sectional area of the piume) achieved during the period when ailusion
is primarily a result of plume entrainment. It is characterized by e time
scale on the order of minutes, With proper location and design, marine
outfails can achieve initial dilution values of about 100 to 1 or better
before the plume begins a transition from essentially vertical flow to an
essentially horizontal flow dominated by ambient oceanographic conaitions.
For the purpose of this eveluation process, "dilution® is defined as the
ratio of the total volume ¢f a sample (ambdbient water plus wastewater) to the
volume ¢of wastewater in that sample. A dilution of 100 to 1, therefore, is
a mixture composed of 99 parts of ambient water and 1 part of wastewater,

Adequate initial dilution is necessary to assure compliance with water
quality standards. A number of factors influence the degree of inftial
dilution which will be achieved. These factors include:

Discharge depth

Flow rates

Density of effluent

Density gradients in the receiving water



msiert current speec anc direction
Di€fuser characteristics

Port sizes

Port spacing

Pert orientation

There are & number of methods and models available to calculate the
initial dilution to be expected for different oceanographic and diffuser
conditions. This section describes several methods of computing initia’
dilution.

Computer Models

Several mathremeticel mocdels are available from EPA which are
appropriate for cifferent cceancgrephic and diffuser conditions. A summary
of the characteristics of these models is presented in Table V-1 and a brief
descriptior of them is providec here:

rm

ey
() PodM

- An2lyzes a single, pcsitively buoyent plume in an
artitrarily stratifiec stagrent environment.

. OUTPLM - Analyzes e single, positively buoyant plume in an
arbitrarily strat:fiec flowing environment.

(] DKHPLM . Ana)yzes a multiport, pesitively buoyant plume in a
linearly stratified flowing receiving water.

] MIRGE - Analyzes ejther positively or negatively buoyant
discharges. The mode! analyzes a plume element through the
history of its trajectory and dilution, accounting for the
effects of adjacent plume interference in & receiving water
with arbitrary vertical density and current variation.

o LINE - Treats djscharges gs a line source accounting for
adjacent plume interference. The model is capable of
analyzing positively buoyant discharges in an arbitrarily
stratified receiving water with a current flowing parailel
or perpendicular to the diffuser.



TAZLE V-1, SUMMLRY OF PLUME MODEL CHARACTERISTICS

Mode] Current Current Density Profile
Nane Speed Directionc @ Port Type Type
PLUME no single arbitrary
QUTPLM yes 90° single arbitrary
CKH7M yes 700 < < 110° multiple linear
MERGE yes 900 multiple artitrary

_ 0 .
LINE yes 0 <€ < 180 line arbitrary
& £ curmert flowing perpendicular to the diffuser axis has _current direction
¢= 92~ ne wicess range ¢f pessitle angles is O to 180 .



The first three of these models are described in detail by Teeter and
Baumgartner (1979) and are adequate for most situations. The mode! MERGE is
a generalization of QUTPLM, The model LINE is a generalization of Roberts
(1979;. Neither MERGE nor LINEL has been published in the open literature
but both have been used in the evaluation of section 301(h) applications.
A1l of these mocels are available from the EPA. Applicants are not required
to use any of the models listed in Table V-1, If other methods are use<,
however, the application should include a detailed description of the
method(s) employed and demonstrate that the method(s) provides reasonable
estimates of initial dilution.

Other methocs to determine initial cilution may incluce in sistu
observations., However, if in situ observatiors are used, the appiicant
sho.id demonstrete that they represent the critical dilutions, not merely a
typicel dilution. In adcition, there are a number of other mathematicel
moZeis availabie in the pudblishea literature which can be acaptez fc¢-
estimating initial dilution, References whicn describe several of thase

ccels are: Adraham (19€2, 1971),; Baumgartner anc Trent (197C); Baumga-tner

(1355); Brooks {1673); Cederwall {1971); Davis (1

Davis ang Snirezi (167& Fan (19€7); Hirst (197la, b); Kannberg anc Da:vis

(1576, Xor anc (167G, Morton (1G658); Morton et al. (1956); Priestiey

and Ball (1 ) Rouse et al. (1952); Sotil (197.); Teeter and Baumgartner
in

-

<
o
K
-

s~ 1

9¢
139
)i

1
73,

:‘.
v

H

et a.. (157.); Briggs
; " I

(1575, and iarsxi anc Frick (1976).

ZONZ OF INITIAL DILLTION (ZID)

The ZID is the region of initial mixing surrounding or adjacent to the
end of the outfell pipe or diffuser ports and includes the underlying
seabed. The 21D describes an area in which inhabitants, including the
benthos, may be chronically exposed to concentrations of pollutants in
excess of water quality standards or at least to concentrations greater than
those predicted for the critical conditions described above. The 21D does
not attempt to describe whe-area bounding the entire mixing process for all
concitions, or the totel area impacted by the sedimentation of settleable
material.



In general, tne ZiC can be considered to include that bottom erez
within a distance equal to the water depth from any point of the diffusa-
and the water column above that area. Figure V-1 shows several examples ‘o~
different diffuser configurations and corresponding ZID dimensions.

DISPERSION AND TRANSPORT

A general description of the ambient currents expected within tne
influence of the diffuser site §s required by EPA, Since this descripticr
is primarily of use in the determination of where the effluent wastefielc s
likely to be transported during several days' time, the response to in's
subsection should be of sufficient detail for this purpose. In 2 region
where currents are predominantly tidal in nature, current persistence a~c
the mean current speec anc its variance, with respect to the pricary
direction(s) of water flow, should be given. If the currents have iarge
components unre.ated to tical influences (e.g., wind induced currents), then
a mcre detailed analysis should be performed. The mean, variance, anc
¢irection of the tidal component shoulc be determined, as well as a synIps's
of tne nontical current speed, direction, anc persistence. Degth varigti:ons
in currents are impertant at depths where the effluent wastefielid 1s
trapped.

1

The basis fo~ the current estimates should be provided. Acceptel’
sources of informetion are site-specific measurements anc/or pubiisns:
measurements or precictions., The Tidal Current Tables published annually oy
the U.S. Department of Commerce [see USDOC (19792, b)] provide tidael current
informetion for a large number of locations. Information from ctner
publisned cocuments is usable if the documents are available to EF* ¢~
request.

Expected or measured dilutions at significant shoreline stations shc.ic
be included. Section VI of tnis document provides further guidance on
computing farfield dilutions for water quality parameters.
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Figure V-1. Diffuser types and corresponding ZID
configurations
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7. 301(g) COMPUTER MDDELS FOR
PREDICTING DILUTION

The following section recammends coamputer models that can
be used to predict the mixing characteristics of IFDES
discharges wnder a variety of hycrological conditions.
(ot included in this section are individual program

-

listings. These ave avaliladle from EPA headgquarters.)

Aiditional guidance on the use of matheratical rodele in
develoning wasteload al.ocations 1s availatle fra- +he
Wasteloal ~llocatiorn sectiorn of the Moritorin~ and Cata
Surport Tivision, 0ffice of Water Rafqlatlons'anc Starzaras
(Prone (200) 222-77%Z€). 2lso see Appencdix .



I. INTRODUCTION

Dilution of effluents discharged into receiving waters is accozplished
by different mixing mechanisms along the path of the plume. In the "near
field" of the source, dilution is primarily caused by jet induced entrainzern:.
This is a rapid process and far overshadows dilution caused by ambient tur-
bulence. As the excess velocity of the jet decreases, entrainment rates
decrease to the point where ambient diffusion also becomes importan:. This
is called the intermediate £field. Further out, the excess plume velocizy
is so small that azbient diffusion is the predominant mixing mechanisz.

This is called the far field or passive diffusion :zcne.

Mixing at all stages is affected by ambient currents, physical beun-
daries and bucvancy. Ferces due to buoyancy are usually characterized by
Y

the édensizetric Froude nuzber defined as Fo = U /(g'L)

o where g' is the

density teduced gravity gf:c-:a!/~ end L is a characteristic length usually
taken as discharge diameter for circular subzerged fets and discharge channel
depth fcor rectangular surface jets, High Froude nutbers of the order ci 130
or greater mean buoyancy is negligible as compared to momentuxz and discharge
is called a mexentux jet. Froude numbers less than unit imply high buoyancy
and result in buoyant plumes or thermals. Buoyant forces may be either pos-
itive as in thermal discharges or negative where dissolved solids or salinizty
cause the discharge to be more dense than the ambient,

It is beyond the scope of this documcnt to present a history and devel-
opment of plume modeling along with a complete literature review. JInterested

readers may find good reviews in references (1-4)°.

* Underlined nuzbers refer to references. Other nunbers refer to equations.



II. DILUTION OF POLLUTANTS IN FRESH WATER

The discharge cf polilutants into inland rivers, lakes and estuaries
is accomplished through a variety of outfalls. They vary from discharges
into deep lakes from submerged single pert or multiple port diffusers to
surface discharge into a shallow, fast moving river. As a result, there is
no single analytical model that can be used to predict the fate of these
pollutants from all types of discharges and ambient conditions. The most
direct way cf determining pollutant concentrations downstream of the dis-
charge of an existing outfall is by physical measurement. Such fieild
survevs are culte satisfacicry if troperly conducted. Nonm-polluting tracercs
jected into the effluent that give moTre accurate indications ¢f
iluticn than rezsurerments cf pollutantis thexzselves (5). Care must be taken
tc insure accurazy and a nuzter of readings should be made at each Iccaticn
in cuesticn sc 2 good statistical aferage czn be determined.
ge gTid type transient numerical medels-have beemr developed to de-
scTibe cdischarges intc a few heavily used water wavs including tidal
estuaries (6. These models ustally require considerabie time anc effor:

tc Tun and are therefore costly., Their accuracy is highly
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results for a particular type of outfall. The user must, therefcre, be
careful to use only a model that was intended to predict the condition he
is concerned with.

The output froz these models is not always in the form a user wishes
and some moaifications'may be required. For example, some models give the
minimum dilution at the center of the plume. This dilution is defined as
the local volumetric flow rate divided by the discharge flow rate. This carn
be interpreted as the inverse of the ratio of local centerline pollutant ccn-
centration, C/CO. Other models give average plume dilution which is always
greater than that at the centerline and an expression depending on plune
shape must be used to deterzmine paxinmum concentrations at the center.

The object of this docuzent is to suggest models that can be used o
predict the fate of pcllutants for a variety of conditioms and give dezal.

cn each model as o input, output and limitations.

F-4



II1. RECOMMENDATIONS

ther than physical measurements and validated mmerical models, the
following integral models are recommended fcr predicting dilution of
pollutants in fresh water. It is expected that these recommendations
will be up-dated as better methods become available. Table I presents
several types of discharge conditions and the suggested model to be used
to predict concentrations. Each model is discussed in detail in the

following sections.

TABLE I. RECOMMENTEC MODEL APPLICATIONS

Discharge Conditicons Suggestec Molel

. Subzerged dischezrge fren 2 single or rnultiple DIGPIM

port ciffuser at suflicent depth that desired

ccncentrations are Teached before the plume

reaches the surfzce Azbient currents per-

mitted.
2. Surface discharge intc a deep receiving water PCS

such that the pluzme floats crn the surface and

is not attached tc the boticz. Anmbient cur-

rents roderate, U /U < (.5,
a’ o

3. Surface discharge intc a deep receiving water PDSM
such that the plume is not attached o the
bottoz but at high ambient currents causing
the plume to attach to the near shore,
u/u_ > 0.7.
a' o

4. Surface discharge into a shallow receiving MOBEN
water such that the plume is attached to the
bottonm. Ambient currents moderate, U /U < 0.5.
Discharge density equal to azbient densily.

5. Surface discharge into a shallow receiving water PSY
with azbient currents high enocugh toc cause the
plume to be attached to both bottom and near
shore. Discharge density equal to ambient den-
sity.



There are cany conditions net covered in the above table such as
long terz predictions in a tidal estuary or submerged discharge into
shallow water with buoyant plumes that surface. For those cases that
are not adequately described in the above table, it is suggested tha:
field measurements be used to determine dilution. Conservative pre-
dictions can be made for submerged discharge into shallow receiving
water where the plume surfaces rapidly by using the PDS model assuxming
the plume is entirely at the surface. For submerged discharges of
nen-buoyant fluids into shallow water at an orientazicn such that the

pluze does not surface, the DIHPLM mode! can be used.



Iv. "TKHP IM" MODEL

THEORETICAL DEVELOPMENT

The cozputer mocel DKHPIM (7, 8) is an approach to the problem of
submerged single or merging multiple plumes. Fcr multiple plumes the
detailed dynamics of the merging process is considered instead of simpli-
fying the prodlex <o an idealized slot plume or to a combination of
plure and slot plume. DKHPLM considers three zones of plume behavior;
zcnes cf flow establishment, single pluce established flow and merging.
Tne first.twn 20nes are based on the analysis of Hirs: (4, S for a
Pluzme in a stratified, flowing environment. In the zone of merging,
reighbcring p.uxes are superizresed. This allows a smooth transition as

single pluzes tegin tc coxzpete for diluticn water then grzdually nmerge

with their neighbers. ZIguaticns for the conservation of mass, pellutant,
emergy and mcmentuz ave cevel:sped for all three :ones. Entrainzent is

an explicit functicn depencent cn the loca

[

Froude nuzber, tlume spacing,
extess velocrty and ambient velocity., Sinilar lateral profiles, a 3/2
Power approximeticn of a Gaussian, are assumed fer velocity, concentratien
and tecperature. These profiles are superimpesed in the nmerging :zone.

A complete theoretical develcpment cf this model is beyond the scope of

this paper but can be found in the references cited above. The followin

is a brief sux=ary.

Zone of Flow Establishment

All quantities are assumed uniformly distributed in the plume at the
point of discharge. In the zone of flow establishment, these unifom

profiles change 0 similar profiles as the boundiry layer diffuses inward
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to the centerline of the jet. The rate at which the profiles of veloci:y,
concentration and tezperature develcp may vary. The integrated forms of
the governing equations are:

conservation of mass,

d/dsfﬂrdr=-'limr*-(rv)=5 <)

conservation of energy,

d/ds £~ 0(T-T)rdr=-dT /ds U rdr-linree (rvT?) (2

conservation of pollutant,

d/ds {’ U (C-C,) rdr=-dC_/cs {“ gprdr-limrs+se (rv C7)

conservation of mozentuzm in the s equation,
2 - . . .
d/ds {’ U rdr=UE sing, cose, + {D g (py = P)py) r dr sing, (4
= limr-=+o (ru” v’
where €, is the hecrizental angle between the centerline and the x axis and

€2z is the angle between the centerline and the horizontal. Two additzicrnal

(]

integral equations have been develcped from equation (4) 1o describe mczen-
tux in two adciticnal plume cocrdinants. 7These '"natural' coordinants of
the plume, described in (¢), aTe converted to conventional three-dimensional
Cartesian coorcdinantes for model output. Implicit in the derivation cf
these equations are the assumptions that:

a) flow is steady in the mean,

b) flow is fully turbulent,

c¢) fluid is incompressible and density variations are included

only in the bucyancy terms,
d) all other fluid properties are constant,
e} no frictional heating,

) pressure variations are purely hydrostatic,
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g) changes in density are small encugh to be approxipated

pa-

by a linear eguation of state,

h) flow within the jer is axisymmetric,

i} flow within the jet can be approximated as boundary

layer flow,

3) the azbient is infinite in extent.
Several of the assumptions are compensated for in the solution. The zcore
of flow establishzent uses a special entrainment function (see Equation
(128) cf (8) which is a function of local Froude number, velocities,

diameter,- spacing, and thickness of the developed flow region.

3
1]
1]
n
[
W

ticns cf mass, energy, pcllutant, and momentuz equaticns

1 - 43}, and the additicnal mczentux eguzticons mentioned zbove are alsc

]

sclved in the zone of establisned flow, but are cast into a sligl

a -

different fcrz. The governing eguatjons are written in a cylindrical
coordinant systez where ¢ is the circurferential angle arcund the pluz
and cross secticn and the independent varizbles are r and s. These ace
evaicated using the assuvmed 1/2 power approximation to Gaussian lateral
prefiles. The angle &; is the angle between the centerline projected to
the xy plane and the x axis, €; is the angle between the centerline and
the xy plane. These angles relate the two coordinate systems. Another
entrainment function i€ used in the zone of established flow which is a

function of the local Frcude number, velocities, plume diameter, and

spacing.



Zone of Merging

When adjacent plumes begin to cverlap, the discharge is no longer
considered axisymmetric. The distridbutions of plume properties are supe:r-
imposed. Another entrainment functior is used which also considers the
variable entrainment surface during merging. A drag term is also intro-

duced to account fer the additional bending of the plumes after merging.

MODEL DESCRIPTION

In the zone of flow establishment, the svstez of six governing equa-
tions are solved- simultaneously (subroutine SIMQ) and stepped forward in
space by a Hazmzing's modified predictor-correcicr method (subroutine HPCS).
This procedure continues until velocity, texrzerature and concentration
beccme fully developed. Scbrcutine OUTTL contezins the results wnich are
stcred as initial conditicns for the zone cf estadblished flow.

In the zcne of established flow, similar profiles and the integral
method allcew scliution cf the six geverning eguations for the six unknowns
initial.y by liunge-Kutza integral aprreximaticn and then by the Hamming's
mecdified predictor-corrector method. At the peint where the plumes over-
lap, the assumed similarity no longe:r applies. The merging plumes have
axes of symmetry along the discharge line and normal to it. Only one
quadrant of a plume, taken to a midpoint of the overlap area, is evaluatel.
The profiles are superimposed in this region using integral similarity
coefficients. Above thespoint where the plume and the ambient have equal
density, results are obtained by extrapolation.

The program itself contains many comments and explanations which serve

as further documentation.
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EXAMPLE INPUT,

Input

As an exazple case, suppcse a diffuser

ouTPUT

50 = long discharges 0.5 £/sec.

The ports are 0.178 m in diameter, oriented vertically, and spaced 5 © apar:.

The ambient currents are assumed to be 0.4 m/sec and normal to the discharge

line. (Note
about 20° of

The effluent

that the angle cf currents to the diffuser should be within

normal.) The velocity through the discharge ports is 2.0 &/se:.

-k

-ad

and 0.05 %/oo.

(Note that the effluent should have

some finite texperature difference with the azbient.) The anmbient at the
level of discharge is 15.C°C. The aztient tezperature gradient is negli-
gidle but zust be finite Pischarge is 50 = below the surface. Cecrmputer
unch cavd format for this inmput follows.,
Soze cozputers dc net initialicte sterage to zero automatically. If nct,
a contrcl casd zust be used tc set the ccre o tero before [iIZPLM will ~mm.
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Output

Exapple output and program listing follow. The initial input con-
ditions are printed along with dimensionless conditions. The first section
cf data listing concerns the zone of flow establishment. The columns list:
length along the plume axis (S), horizontal distance paralle] with discharge
line (X), horizental distance normal to the discharge line (Y), vertical
distance frox the level discharge (Z), the horizontal angle from the pluce's
axis to the discharge line (THl1), the angle the plume's axis makes froz the

horizontal (TH2), the radius (B), potential core widths for velocity, tex

‘v

rt

v (RU, RT and RC), ncrmalized cenmteriine dispaTiz:ies

3

ature and_ccncentratio

of veloczity, texzperature and concentration with the ambient (DUCL, DTIL

and JCCZL), the anmbient density normalized by the density of the discharze

n the zcne cf established flew, width and average dilc

(2]

are zlso given. Time 1s given in sezcnds. The centerline diluticon belf:cre
icne cf merzing is:
/ < /
/ = 0.52 ' 5
% e, (53
after coxpliete merging,

Qm/Qo = (.70 Q/Qo (6)

tased on the assumed distributions cf concentration anc velocity.
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DKHPLM SAMPLE OUTPUT

SOLUTION TO MULTIPLE BUOYANT DISCHARGE PROBLEN UITH ANBIENT CURRENTS AND VERTICAL ORADIENTS

DKHPLN EXANPLE RUN I.b.

DISCHARGE VELOCITY = 2.00-M/S o TEWP. » 17.00-DEO C s¢ SALINITY = 09-PPT

DIAMETER =  .18-N  o¢ SPACIND = 5.00-M ¢o DEPTH =  30.00-H

AHDIENT CONDITIONS AT DISCHARGE ELEVATION, VELOCITY = «A0-H/S oo TENP, «  13,00-DEOC C o0 SALINITY =
ANBIENT STRATIFICATION ORADIEMIS oo TEMPERATURE s .000010-DEQ C/N oo GALINITY oo 0.000000-PPT/N

’
ANBIENT CONDITIONS AT DISCHARGE - NONDINENSIONAL
TENP= ,80233 SALINITY=10.00000 DENSITYe= (,00091 TENKPOR= .000000 SALGR= 0.000000 DENGR» -.0000000

PORT SPACING L/D = 28.09
O FROUDE NO = 47.10  VELOCITY RATID =~ .200 STRATIFICATION HD = soesed00

0 I10HE OF FLOU ESTABLISHMENT -~ ALL LENOTHB ARE IN RETERS
S X Y 1 T TH2 b RU RT RC pucL DICL DCCL
0.00 0.00 0.00 0.00 90.00 90.00 0.000 .08Y .08¢ 087  1.000 1.000 1,000
.09 .00 .00 .09 %0.00 88.74 ,033 .078 .078 .078 996  1.000 1.000
.18 -.00 .00 .18 y0.00 @’.18 071 086 086 084 990 1.000 1.000
.27 -.00 %0t .27  90.00 B85.3 112 . 051 .051 031 .84 1.000 1.000
.36 ~.00 .02 .36 70,00 83.10 138 .033 .033 0313 876 1,000 1.000
44 -.00 .03 A4 90,00 80.57 204 018 O1é 018 967  1.000 1,000
STARTING LENOTH, T o 310
o3 -.00 .04 31 90.00 28.33 241 000 A0 1.000  1.000
STARTING LENOTH, VELOCITY = 310
« 3 .00 .04 31 90.00 78.54 242 000 .940 .998 978
0 ZONKE QF ESTABLISHED FLOV
8 X Y 1 THi T2 vioTH buct DICL bCCL Pl TINE
] .00 .04 .31 70.00 78.54 .A0 .940 .998 .798  1.00091 <24
1.22 .00 «30 1.01 90.00 208.18 1.24 127 #3586 L3586  1.0009) .19
1.93 .00 1.14 1.28  90.00 17.50 1.33 047 .2413 2243 1.00091 2.4
2.43 .00 1.84 t.46 90.00 13.22 1.70 024 191 L9t 1.00091 3.9

.90 PPY

PI

1.00091
1.00091
1.00091
1.0009)
1.00091
1.00091

'1.00091
1.00091
asao
2.1
9.40

15.348
20.09

TINE

0.1
o
.|
ol
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3.38
4.25
4.96
5.67
$.30
2.10
7.01
?.23
10.486
12.08
13.30
14.93
16.33

17.78
19.20
20.42
22.03
24.70
27,24
J0.57
33.44
J8.29
39.14
A1.98
44.03

47.48
30.33
34.22
41.92
47.82
723.31
79.01
04.70
90.40
76,10

.00 2.54 1.81
.00 3.2 1.74
.00 4.12 1.87
.00 4.03 1.76
.00 3.33 2.05
.00 $.24 2.13
.00 8.93 2.20
.00 8.34 2.4
.00 9.768 2.44
00 11.20 2.57
00 12.82 2.48
00 14,04 2.77
00 13.42 2.87
DKHPLN EXANPLE RUN
X ¥ 4

.00 14.0¢ 2.93
.00 18.31 31.04
00 19.723 3. 12
00 21,13 J. 1Y
00 24.00 3.
00 24.84 .47
00 29.49 3.40
00  32.33 3.72
.00 35.38 J.04
.00 38.22 3.95
00 41,07 4.04
00 43.92 A.16

PLUHES NMEROINOD
.00 44.78 4.24
00 47,41 4.3
.00 535.30 4.5]
.00 40.97 4.70
.00 448.49 4.03
.00 72.38 A.99
.00 78.08 5.13
.00 03.77 5.27
00 09.47 5.40
00 95.14 3.33

T

§0.00
70.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00
70.00
90.00

70.00
70.00
70.00
90.00
90.00
90.00
90.00
90.00
90.00
90.00

10.85
7.03
8.01
72.20
4.48
.20
5.080
J.10
471
A4
4.04
3.79
J.57

T2

J. A
J.28
J.12
3J.00
2.80
2.464
2.50
2.3%
2.29
2.20
2.13
2.08

1.78
1.87
1.70
1.58
1.50
1.4)
1.30
1.33
1.3
1.2?

1.94
2.14
2.27
2.30
2.48
2.3?
2.44
2.82
2.94
.09
3.21
3.2
3. 42

viptu

3.52
J.82
3.7
3.80
J.92
4.12
4.27
A0
4.34
A.87
4.80
A.72

3.04
J. 18
5.40
3.64
3.0
.09
.31
8.32
6.73
.94
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013
007
.004
.004
001
.002
<002
.001
000
.000
-.000
-.000
-.000

buCL

-.000
-.000
-.000
-.001
~.001
-.001
-.001
-.001
-.000

-=.000

-.000
-.000

-.000
-.000
-.000
-.000
-.000
-.000
-.000
-.000
-.000
-.000

140
33
421
S
102
093
.009
079
.072
084
081
0357
.034

DTCL

.031
.048
044
.044
040
037
034
.032
.030
002’
027
028

025
024
.022
020
010
017
L0148
.013
014
013

1480
N RE)
A21
11
102
093
009
079
072
088
081
037
034

DCCL

.051
.048
.048
044
040
037
.035
.032
.030
027
.027
028

.023
024
.022
.020
.018
017
018
L0153
004
013

00071

1.000%1

1.
!.
LI
'o
1.
1.
1.
!.
1.
lo

1.
i.
1.
i.
1.
1.
1.
V.
1.
1.
1.
1.

I.
f.
1.
1.
1.
i.
1.
i.
1.

00091
00091
00091
00091
00091
00091
00091
00091
00071
000791
0

Pl

00071
00091
00091
000914
00091
00091
00091
00091
00091
00091
00071
00071

00091
00091
00091
00071
00091
00091
00091
00091
00091

1.00091

3.357

7.720

r.41
11.18
12.94
14.71
14.40
20,03
23.59
27.18
30.73
34.30
37.87

TINE

41.44
45.02
48.39
32.14
37.31
84.46
23.60
80.73
87.09
73.04
102.18
109.32

118.44
123.40
137,82
132.13
166.42
180.49
194,935
209.22
223.48
237.73

0/00

76.23
82.33
88.76
90.92
f9.07
107.04
114.85
122.54
130.13
137,483
145.04
152.44

139.75
186.71
179.40
M.
202.42
213.23
223,41
233.31
242.92
252.33



101,79 00 100.03 5.8 90.00 1.27 7.15 -.000 012 012 1.,00098  259.9F 261.5¢4

107,49 00 104.55 5.78  90.00 1.25 7.35 -.000 O 012 1.00091  2686.25 270.45
118,00 00 117,94 .03 %0.00 1.22 7.78 ~.000 010 010  1.00091  294.75  280.59
130,27 00 129.11 6.27 90.00 1.20 8.16 -.000 009 007  1.00090  J323.23  305.99
141,63 .00 140.72 6.51  70.00 1.9 8.5¢4 ~.000 .008 008  1.00091 33t.74  J23.23
153.04 .00 132.11 .74 90.00 1.18 8.94 -.000 .000 .008 1.00071 J0O.24  340.238
144.435 00 143.50 .97 90.00 1.17 ?.34 -.000 007 007  1.00091  408.72 157.18
175.64 00 124,87 .21 90.00 1,18 ?.75 .000 008 008  1.00091  437.2)  371.¢/
184.C3 00 183.72 7.41 70,00 113 10.14 .000 .00 008  1.00091  464.80 JP0.13
198.27 00 197.0 7.686 90.00 1.13 10.53 000 0048 008  1.00091  493.28  404.79
209.4% 00 208.70 7.8 v0.00 1.15 10.93 .¢00 003 003 1.00091 52t.74  423.37
221,03 .00 220.09 8.1 70.00 1.14 11.3] .000 003 003  1.00091  550.24 439.%)
24).84 .00 242.97 8.57 v0.00 1.14 12.12 .000 003 003  1.00091  £07.19  472.99
264,82 00 243.45 .02 90.00 1.14 12.91 000 +004 D04 1.,00091 464,14 503.77
289.40 .Og 4 208.43 .47  70.00 1.13 13.71 .000 004 .004 1.00071 221,08 330.58
312,19 00 3121 9.92 v0.00 .13 14.351 .000 004 004 1.00070 778.01 371,33
334.92 00 - 333.7% 10.37  90.00 1.3 15.30 000 .004 004  1,00091  BIA.PT 404.05
357.76 00 354.77 10.82 90.00 1.13 15.10 .000 004 <004 1.00071 BP1.B7 436.73
DXHPLN EXANPLE RUN I.p, = 0

S X ) 1 T 12 vIDTh pucL DICL DCCL 4 TINE 0/00
380.5¢ .00 379.33 11.272  90.00 1.13 18.90 .000 003 003  1.00071 948.80 449.40
403.32 .00 402.33 11,72  90.00 1.13 17.70 .000 <003 003 1.00091 1003.72 702.04
426,11 .00 42311 12,17 90.00 1.3 18.30 .000 .00 003  1.00091 1082.857 734.47
448.09 .00 447.89 12,41 90.00 1.13 19.31 000 003 001  1.00091 1119.584 747.20
494.446 .00 493.44 13,31  90.00 113 20.91 .000 .003 <003  1.00091 1233.40 832.47

NO OF INTEGRATION STEPS=2092 NO OF HALVINGSY 0  ABSERR=  .00100 PRHT(S)e= 0.000 FINAL BPACE = 4.000
14.038 CP GECONDS EXECUTION TIME
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V. P2S MODEL

THEORETICAL DEVELOPMENT

The theoretical aralysis used to develop the steady three-dimensional

evivEara Alivma mensram (PNCY S e hacad Arn 2 madal hy Dewusah (1N0N) Ter hae haasr
SUTiacCe p.iulne pPIogTall (fwo, 45 vastl Cil a WoOGT. Oy Iyl (+v) . 4t Jiad COCCH

modified consideratly and tuned to a large set of field and laboratcry data
by Shirazi and Davis (11).

The following is a brief verbal summary of the model. The method of
analysis is an integral apprcach which assumes similarity of temperatur
and velocity profiles and the principle cf entrainment and ambient diffusizn,
The zone ¢f flcw establishment near the discharge is handled in an approxi-
zate zanner. It assumes that the plume rmakes no ccrntact with the betzico
cr shoreline., As a result, 1t should nct be used where gecmetric beoundar

-—a -

interfere with the plume unless it is bevcnd the region of interes:. Prc-
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maximum values at the surface. These trofiles zre-superimposed on the
ambient current. QOther assusciicns implicit in the derivation of the
governing ecuations are the same as outlined in the DKHPLM model except ihe
gecmetry cf the discharge is assumed to be rectangular in shape of depth,
HC, and width, W0, at the surface of the receiving water.

The integral form c¢f the conservation of mass is satisfied by calcula-
ting vertical and horizontal jet induced entrainment as well as vertical! and
horizontal ambient diffugion. The wertical components are a function of the
local Richardson number which accounts for reduced entrainment due to
bucyant convecticn. The momentun equation includes drag forces, viscous
shear forces, internal pressure forces due to density differences and

changes in momentuz due to entrainment of ambient fluid. The energy equation
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includes heat loss to the aimcsphere by convection. Spreading in the
horizontal direction is broken into two paris. One is spreading due tc
non-buoyant entrainment and the other is a buoyant spreading term which
is a function of the density difference and local aspect ratio of the
plume.

The prograw is written in FORTRAN 4 and consists of a main program
entitled PDS and six subroutines KHPCG, AREA, FCT, RED, SIGMAT and OUTP.
The main program PDS reads the input variables, initializes constants
and calls subroutine XHPCS which perforzs the actual calculation. Sub-
routine XHPCG is a standacd IBM scientific subroutine which performs the
step-wise integrazicn of differential equations by the Hamming Predicter-
Corrector Method.

s @ ster-wise integration of the area encicsed by

Subroutine ARZA
isotherzs. Subroutine FCT calculates the derivatives of the progracm
varizhles which are used in 1HPCZ, Surroutine RED calculates the reduc-
ticn in vertical entrainment as a function of lecal Richardson number.
SIGMAT is used 2c calculzte water density from termperature and saliinizty.
Subroutine CUTP prints out the input parameters followed by desired output

vaTtiables at each integration step along the trajectory of the plume.

EXAMPLE INPUT, OUTPUT AND MODEL LISTING
Input

Input to the PDS pmogram consists of one card giving the number of
cases to be calculated followed by a set of three cards for each case.
As an example case, consider the discharge of 1.0 n?/s of water at an

angle of 90° relative 2o the off-shore current in a large fresh water
£ £
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lake. The axztient current is 0.2 m/s. The discharge channel is 2.0z
wide and the water depth in the channel is 0.5 m. The discharge texrcerature
is 17°C and the anbient temperature is 15°C. Winds and relative humidity

-

are moderate. The computer punch card format for this input follows.

Cutput
Output for the exazple case given in the Input section follows aleng
with a cozplete program listing. Output includes a printout of input values
in dizensicnal and dimensicnless fcrm. Then for each integration step, the
follewing-aTe listed: distance aleng the pluze centerline (S - meters),
distance downstrezm of the discharge in the direction of the ambient curten:
(X - neters), distance cut intoc the receiving water ncrmal to the atbien:
current (Y - reters’, loczl piume flow directicn relative tc the ambient
current (TH - degrees), excess tecperature at plume centerliine (T - °Cj,
ime it has taken a

rartical c¢f fluid o travel from the peint of discharge

average dilution (Q/QU), =inizuz centeriine dilution (QM/QUV) (nocte: ciluticn
values cannct be obtained froz temperature data unless the heat loss to

the atmosphere is zero), depth cf plume given as 2 % (H - meters), wic:h

cf plume given as 272 °, (W - meters) where ¢ is the standard deviation cf
the Gaussian distribution. At the end of this printout follows a table
giving the area enclosed within surface isotherms. 1If integration did not
progress far enough to have the isotherms close at the plume centerline

only partial areas are listed and so designated.

The output for the exazple case listed above follows along with a ccm-

plete listing of the program.
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KK

13

HIJ

T

QL

- x
o Lo

03

KK = Number of runs to be made

(This card le only required at the beginning of each data deck. Following this card
are gets of three cards for each case to be run as described on the following three cards)

1nduy 3 tdmexy

1¢ pied

Sad4
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SAMP| E RUN OF PDS |PROGRAM
200\
) T LTI
° ° 3 s 5 3 B
Anything on this card {s printed out at the top of cvery page of output.
d
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114) Ho uo UA 10 TA THO
2.0 0.5 1.0 0.2 | 17.0_| 15.0_ 90.0
F10.5 F10.5 Fl0.5 Fl10.5 F10.5 F10.5 F10.5
: :_ T[] [T TIIIL
o jO _ o ] (-3 (o]
WO = Discharpe width - meters
HO = Discharge depth ~ wmeters
UO = Discharge veloclty - Meters/sec.
UA = Amblent velocity - meters/sec.
TO = Dischavrge temperature - C
TA = Amblent tempersture - C
THO = Discharge directlon relative to amblent current - degrees
J
w

anduy 27dumexy
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-t
SAL AK E EV Fil SLIM
0,0 0.00001 05 0.2 0.02 500,
Fl0.5 Fl10.5 F10.5 F10.5 Fl10.5 F10.5
T T ey
° © fol | el L ° o °
SAL = sﬁllrity ofce {(The amblent angd dlacharge sallnity arz pssumed to be the same)
AK = Dimens{onless surface heat tiansafer coof[lclent, hép ( A value of 10°3 {s average.
For calm days at high humidity, use 10~ 6, For dry, wlhdy days use 10-4
E = Entrainment coefflclent. A value of 0.05 Ls sugpested unless a better v-lu fg known,
EV = RATIO of vertical to horfzontal amblent d{ffusfon coefficlent. A value of 0.2
ls sugpested unlees a better value is known,
El = Dimensionless horizontal smblent turbulent diffuslon coefficient, f;/u H. A
value of 0.02 is sugpested unless a better value 1s known for the patrtficular
receiving water in question.
L d
1 A
Q.
-
P

Indey aydoexy
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PDS  SAHPLE QUTPUT ¢

FLOATING VAKH WATER JETS -- SANPLE RUN OF PULS PROGRAN PAGE 1

ANBIEMT COMDITIONS & TENP. TA= §5.0 DEG. € , VEL. UA= .20 N/SEC  ,HEAT COHVECTION =  .100E-04

DISCHARGE CONDITIONS s TENP, TO= 17.0 DEG. C ,VEL, U0= .00 H/SEC ,UIDIH WO=  2.00 M. ,DEPTH HO= .30 N, LANGLE 90.0L

FRO = 25.0 € = ,0300 ,CD = 1.0000 CF = 0.0000 RE =0, EV 5 2006400 EH = ,200E-01
S(NK.) X{n.) T{N.) THIDEG. ) CX.TENP (DEG., C) TIME(SEC.) /a0 /00 DEPTH(H.) UIDTHIN,
2.27 A% 2.21 77.3 2.000 LAIBECOY 2.000 1.000 722 J. A0
2.42 .32 2.38 76.8 1.932 LAV0ECO] 2.047  1.024 J40 J.322
2.30 .34 2.32 76.1 t.907 92301 2.097  1.04% 738 3.598
2.73 .40 2.47 75.4 1,064 .357€¢01 2.148  1.073 273 J.474
2.99 1 2.82 724.7 1.82) .592E40) 2.194  1.097 S92 3749
1.03 .48 2.v? 74.0 f.784¢ L82BE4 0! 2.242 1.1 .80? 3.82%
3.20 .73 J.n 7.1 1.747 A44E40]) 2.290 1,143 824 J.r00
J.532 .82 3. 42 72.0 1.477 7396401 2.383 t.i93 .838 4,031
3.8 .12 3.70 70.4 1,813 0186401 2.480 1,240 .889% 4.202
4.14 1.0 4.0 49.3 f.334 700E+0) 2.37¢ 1@ 920 4.152
4.43 1o1d 4.0 7.9 1,300 +983E401 2,487 1.3 949 4,302
5.08 1.3 4.87 §3.3 1,403 LH18E402 2,852  1.428 1.004 1.799
3.70 1.44 3.4 42.8 1.318 .134E402 J.ola 1,317 1.055 3.093
$.3) t.74 j.v8 0.4 1.243 J154E002 J.212  1.606 1.103 3.382
4.93 2.20 4.32 38.1 1.100 J120€¢02 1.388  1.494 1.148 3.4487
7.58 2.482 7.04 34,0 1,123 L201E402 J.3481 1.781 1.109 3.744
8.20 2.98 7.54 33.¢ 1.022 L225E402 3.734 1.048 1,227 4.221
8.83 3.35 8.05 51.¢ 1,024 L2516402 1.o98  1.949 1.282 4.490
7.43 .73 8.54 30.0 904 2778402 4.062 2.031 1,293 $.731
10.720 4.349 7.4/ 44,4 .913 333002 4.382 2.9 1.353 RN
11,73 J. A 10.34 11.3 .832 LI93E402 4,492 2.34% 1.404 r.78)
13.20 §.39 1.7 4¢.8 .80} LASPEN02 4.992  2.49¢ 1.448 8.234
14.43 7.33 .99 38.3 737 L324E402 3.282  2.641 1.406 B.494
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16.93 7.3? 13.47 3.2 483 887E402 5.0y 2.919 1.350 9.243

19.43 11.40 14.81 Jo.8 .28 .B20E102 6.387 3.8} 1.602 10,301
21.93 13.44 14.04 26.1 502 .962€102 §.870 J.435 1,644 11,132
24.45 13.8¢9 12,127 23.8 944 LII3E0] 7.33) 1.477 1.679 11.004
24.93 18.184 18,22 2.9y 312 1336403 7.819 3.0 1.7210 12,502
27.43 20.44 17.1¢9 22.2 404 LIENOD 8.270 4,133 1.737 13.249
14,43 23.1) 20.9? 19.3 .430 LA100E0Y ?.139 4,369 1.703 14.5%048
19,43 29.87 22.33 17.4 402 .227E40) 9.967 4,964 1.025 13.4600
44,49 M. 2).97 13.8 372 L287E40) 10.749 3.383 1.061 16.703
49.435 37.50 23.27 14,4 144 .3000403 11.352 3.7272¢ 1.893 17.832
34.43% 44,13 26.47 13.2 325 «J30E¢0] 12.320 6.140 1.927 18.010
3¢.43 49.2) 22.5?7 12.1 .J04 J93E00] 13.078 §.319 1.930 19.703
84,43 34.12 28.60 .4 .209 4356403 11.028 §.914 1.909 20.702
4%.43 Jr.01 29.34 10.2 274 LA79E403 14,574 7.287 2.019 21.300
74,43 43.95 J0.43 10.1 261 .32JE10) 13.317 7.4630 2.048 22.444
29.435 48.87 1.0 7.3 L2490 .3472E403 14.050  5.029 2.070 23.274
04.43 23.081 32.10 9.0 .2318 AIIENO] 16.600 8.400 2.107 24.000
09.43 78.7% 3J2.84 8.3 .228 L638E40] 17.342 8.771 2.137 24,083
94,143 83.70 31.58 8.1 219 L701E40) 18.283 9.143 2.144 25,430
99.43 80.43 34,27 7.7 210 L2A6E40] 19.031 9.3135 2.193 28,170
104,43 73.481 J4.92 2.1 .202 L292E40) 19.77¢% §.890 2.225 27.109
109.43 18.37 35.33 7.0 195 .838E0] 20.331 10.2488 2.2%4 27.825
114,43 103.31 Jb. 14 é.7 .108 .8B4E+0] 21.288 10.44) 2.281 28,527
119.435 108.50 J6.72 4.4 .1081 .730E401 22.044 11,022 2.313 29,215
124,43 113.47 .2 4.2 W75 LP728E40] 22,804 11.40] 2.342 29.89)
129.43 118.44 37.80 $.0 149 1026404 23.372 11,788 2.371 30,55

134,45 123.42 318.131 5.7 164 L107E404 24,340 12.120 2.401 31,210
139.435 120.319 Jo.80 3.3 L1359 LAT2E404 23,113 12,3354 2.430 31,05}
144,45 133.3? 3e.27 3.1 A3 JAHEEHO4 23.8808 12.744 2.459 J2.487
147,43 138,33 39.73 3.2 1350 JI21E404 26,847 13,304 2.107 3.1
154,43 143.3] 10.12 .0 145 JN28E004 27.44% 13,723 2.314 3.2
139.43 148. 01 40.40 4.8 L] 1306004 28.235 14,112 2.545 J4.335
144,43 133,29 4.0 4.7 137 L1ISE004 29.024 14,312 2.573 34,933
1869.45 138.260 41,41 4.5 134 LHA0E04 29.618 14,908 2.602 12.%2?
174.43 143.28 41,80 4.4 130 LTA4E204 30.440 13.303 2.430 J8.112
179.49% 166,23 42.18 4.] 127 496104 J1.408 135,704 2,4358 36.691
184.43 171.24 42.3% 4.2 L1124 L3480 04 32.209 t16.103 2,404 317.241
169.435 176.22 42.%0 4.0 21 1396404 31.013  14.307 2.211 }?.020
194,43 183.2 41.25 1.9 .118 L184€C404 33.820 14.910 2.741 30.307
199.45 188,20 43.59% 1.6 LS L180E004 34,4630 17,313 2.740 310.941
204,45 193.19 41.92 1.7 12 L7304 35,442 17.7210 2.79¢ 3v.409
209.43 190.18 14,24 3.4 L0110 L170F 404 14.2%7 10.128 2.82) 40.032
214,45 203.17 44,30 3.5 L1on 1Ny 404 1Y A g = 9 pen 1N wen
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219.43 208.14 44.8% 3.3 103 J182E¢04 37.895 18.947 2.874 41.102
224.45 213.13 45.13 JA 101 AP2E¢04 38.717  19.339 2.903 41.829
229.43 218. 14 43.45 3.3 .ol L197E404 17.342 1979 2.930 42.132
234.43 223.13 13.73 3.2 L0979 <202€404 40.370 20.185 2.936 2.8
2)9.43 220.13 44.01 A .097 2076404 41.200 20.400 2.982 43.183
244,45 233.12 46.28 3. .093 C211E+04 42.032 21.01¢ 3.008 43.694
249.45 21811 44.54 3.0 .09 L218E404, 42.847 21.413 3.034 44,200
234.43 243.10 44.00 2.9 .091 <221E404 41.703 21.8%2 3.059 44.702

AREAS OF EXTESS TEMNPERATURE FOR
SAMPLE RUN OF PDS PROGRAM

€XC. TEMP. (DEG. C) AREA (50. N)
.10 <207E+04
.20 <956E+0]
.30 -224E1403
.40 JA11E40]
.30 .839€402
.40 . 404£402
.70 «2728402
.80 LN95E402
.90 «148E402

1.00 J11E402
1.10 .B43EOI
1.20 .483E401
1.30 .3352E+01
1.40 JA44E+01
1.50 LJ8LESOI
1.40 LJ01E+01
1.70 .248E401
1.80 . 204E+01
1.%0 .147E401
2.00 1136001

2.410 CP SECONDS EXECUTION TINE
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VI, "PDSM' MCDEL

THEORETICAL DEVELOPMENT

The Dodified PLCSM model is designed to predict the dilution of
three-dimensicnal surface plumes that are attached to the near shore
but not attached to the bottom. The model is essentially the sane as
the PDS model except it assumes that the rmaximuc concentration and
temperature are at the near shore. To do this, a method of images is

used with the shcre used as the line of symmeiry. The input and ouzpus

tc the PI3M rodel is icderntical tc the PDS model and therefcre will rneos

be discussed further. A FCORTRAN listing cf the ccmputer program follows.

by
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TRIAL
2044
L]
o o o S ° o 3 o>
Anything on this card ts printed out at the top of the output
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VIZ. ""MOBAN'' MODEL

THEORETICAL DEVELOPMENT

The MOBAN model is a two-dimensional surface plume model developed
by Motz and Benetict. Details can be found in referemce (13). It assumes
that the plume is attached to the bottom of the receiving basin or river
but not attached tc the shore. This model is valid for low ambient

currents (UO/U < 0.5) and shallow receiving water. It is an integral

a

model similar to the PDS model but buoyvancy effects are not included, as

a result it is limited to discharge fluids at or near the receiving water

density It solves the vertically averaged conservatiom equations using
the principal of entrainrment and fluicd drag. Integration of the eguations
is carried out in a ster-wise manner along the trajectory cf the plucze.

in the original MOBAN mocdel, the enirzinment coefficient was an input

,
)
4]
b
o
8
v
o
ot
r
'Y
ot
e
N
4]
v
o
(9}
a

_epencding orn the ratio of ambient to discharge
velocity. An expirical exgressicn has been included. in the present Fro-
gTaz that appreximates this cependence in accordance with the authors
suggested values. Tnis expression is E = 0.05 « (.49 (Ua/UO)E. The
plume width and distance to the end of the initial zone of flow estab-
lishment are also approximated by emperical expressions.

The program is written in FORTRAN IV and consists of a main pro-
grax, MOBAN, and three subroutines, ZRKGS, FCT and OUTP. The main pro-
gran reads in the input Variables, calls ZRKGS that performs the actual
integration, using a Runge-Kutta method, and then calculates surface
isctherm areas and prints them out. Subroutine FCT calculates the
derivatives of the prograxz variables for use in ZRKGS. OUTP prints out

desired variables as called by ZRKGS.

p,go



BETAD TO Qo wo 70 UA TAM TO4L KF
60. 1.5 24.7 10.8 4.2 0.1 9.2 0.2 2
F9.4 F9.4 F9.4 F9.4 F3.4 F9.4 F9.4 F9.4 12
) T T T T T LTI
° ° A 2 2 19 ° - e
BETAD = Discharge direction relative to amblent current - degrees
TO = Digcharge excess tomperature relative to ambient - C
4o = Dlscharge volumetclc flow rate ~ m3/s
vo = Width of discharge chonnel - mctersa
0 = Discliarge fluid Depth -~ meters
UA « Amblent velocity - m/s
TAM = Amblent temperature - C
TO4 =« Temperature cut-off factor = T/TO . Program stops when the
excess temperature ratfio reaches this value
KP = Surface convection heat tranafer factor
Blonk or 1 for zero convection o x
2 for moderate convectlion » 9
J for high convection e o
.
~

(The valuo plcked has no offect on dilutlon In this program, just
the rate of temperature decay)

3ndsy Ipdumexy




Qutout
Output for the sazple case given above follows along with a compleze
listing of the program. Output consists of all the input variables. Ther
for each integration step the following are listed: distance along the
plume centerline, ARC(m), centerline temperature, TEMP((C), centerline
excess texmperature, EX TEMP((C), centerline velocity, U(ecm/s), plume wid:h,
WIDTH(m), average dilution, Q/Q0, minimum centerline dilution, QM/QC,
distance downstream, X(z), distance out into the receiving water norma. ¢
the actient current, Y(m), local plume flow direction, BETA(degrees), and
time of travel from cischarge to printout point, TIME(s). After the
plizme excess temperature ratio is reduced to the input cut-off ratic

F,
» inie-

gration stcps and a tatle giving areas within surface isotherms is printes

cut. For cero suriace heat transfer, these isotherms equal lines cf

ccnstant concentraticr.
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MODAN  SAMPLE OUTPUT

1 WOTZ-BENEDICT NODEL TRIAL XUN OF HOTZ-BANIDICY PROGRAN

DISCHARGE ANGLE = 40.0 DEGHEES

DISCHAKGE EXCESS TENPERATUKE = 1.5 DEGREES €
VOLUMETRIC DISCHARGE KATE, Q0 = 24.2 CU.N/S
DISCHARGE UIDTH = 10,8 NETERS

UISCHARGE DEPTH = 4.2 NETERS

ANBIENT VELOCITY = ) METERS/SEC

ANBIENT TENPEKATURE = 9.2 DEGKEES C

TENP. CUT-OFF FACTOK = ,200 DELTA-T/DELTA-T0

CONVECTIVE NEAT TRANSFER FACTOk = 2

ARC (1) TERP(C) EX TEAPIC) UICH/S)  MIDTH(H) @/a0 aN/700 Xim) Tn BETA TIKE(S)
11,39 10.20 1.30 94.43 17.28 1.42 1.00 7.47 8.59 48.98 20.9)
11.48 10.69 1.49 54.08 17.54 1.43 1.04 7.467 8.81 48.87 21.44
11.98 10.47 1.47 ~3.40 17.8] 1. 44 1.01 7.84 7.04 48.77 22.00
12,20 10.44 1.44 33.29 18.142 V.44 1.02 B.04 .27 40.88 22.357
12.59 10.45 1.45 82,92 18.41 t.47 1.03 8.2% 7.49 48,33 23.13
12,90 10.44 LR 52.54 10.70 i.48 1.04 8.47 ?.723 48,44 23.73
13.22 10.42 1.42 32.17 19.00 1.30 1.04 8.48 ?.%7 40.33 24.33
13.55 10.481 1.41 31.00 19.30 1.51% 1.03 0.70 10.2] 48.22 24.90
13.87 10.460 1.40 3.0 19.40 1.52 1.08 v.12 10.43 A8.10 23.41
14.21 10.5¢ 1.39 s1.47 19.92 1.34 1.07 9.33 10,71 47.99 26.27
14,53 10.37 1.37 50.72 20.2) 1.35 V.07 y.3? 10.94 47 .84 24.94
14.90 10,58 1.8 50.34 20.33 t.36 1.08 7.81 11,22 472.7% 27.4)
13.25 10.35 1.35 50.0 20.80 1,30 1.09 10.04 11.48 47,45 28.3)
15.41 10.54 .34 49.4% 21.21 1.39 1.10 10.27 11.24 47,33 29.0%
15.98 10.33 1.3 7.1 21.54 1.40 1.10 10.3] 12.01 47.42 29.79
16.33 10.52 1.32 40.97 21.08 1.62 1.1 10.79 12.29 47.30 30.3%
14.73 10.30 1.30 "8.43 22.23 1.43 1.12 11.04 12.34 42,18 311.3]
17.12 10.47 1,29 48.29 22.38 1.63 113 11.31 12.83 42.04 jz. vl
17,514 10.48 1.28 47.9% 22.93 1.6 1.14 11.37 13.143 44,74 12.94
17.9}) 10.47 1.27 47.42 23.30 V.87 l. 14 11.85 13.43 44.02 331.78
18.31 10,48 1.24 47.30 21,44 1.69 1.43 12.13 13.72 44.70 J4.4]
18.73 10.43 1.25 44.97 24.04 1.70 1.16 12,41 14,01 44,50 13.52
19.13 10.44 1.24 46.65 24.4) 1.22 1.17 12.70 14.3) 44.48 J&. 4
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EXAMPLE INPUT, OUTPUT A

~ oARTY oy
¢ Movle L

Input to the MOBEN mode!l consists of two cards for each case run.

€ ran ha »m h
- A T - X7} o - L

case
cards. Input consists of an identification card and a card containing
the discharge angle, volumetric discharge rate, excess temperature,

width and depth, azbient velocity and temperature, a cut-off fac:er,

and a surface heat transfer coefficient factor. As an exacple, consider
the discharge cf 24.7 ©3/s of an industrial effluent through a discharge
channel 47 = deep and .C.8 = wide at an angle of 6C° relative to the
ambient current and an excess tezperature of 1.5°C. The ambient velocizy
and tecperature are (0.1 ='s and 5.2 C, respectively, and surface heat
transfer is mccerate. The computer punch card format for this input

fcllows.



104.79
1056.81
108.91
111,01
113.20
113.38
117.68
1y.93
122.30
124.48
127.14
129.41
132.19
134.7%
137.44
140,12
142.92
143.72
148.43
151.33%
134.40
157.464
160.82
144,00
142.32
120,84
174,11
122.57
181.20
184.8)
108,42
192,41
194.38
200.33
204,31
208.47
213.03
217.38
221.93
228.32
2310
236110

s o o 8 8 6 e ° @ 8 © e e e s o ¢ ° =
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.57
.34
T )
.33
« 34
o34
33
33
.32
.32
.31
]
30
.30
A9
A9
A8
.48
47
A7
.48
A
A3
43
A4
.4
Al
A3
.42
.42
oAl
Al
.40
.40
.39
.37
.39
.38
.38
.37
.32
.34

27.482
27.47
22.32
27.10
27.04
28.90
26.75
28.42
26.48
26.04
28.20
26.07
25.94
25.81
23.87
23.33
25.42
23.29
25.14
25.04
24,91
24.2¢9
24.487
24.55
24.4)
24.31
24.19
24.08
23.98
23.83
3.73
23.42
23.51
23.40
23.29
23.14
21.07
22.9¢
22.8%
22.7%
22.43
22.54

B8.19
89.48
70.82
92.13
93.53
74.70
$6.12
$7.74
$9.20
100.43
102,16
103.68
105. 21
108.73
1008.33
109.94
111.3¢
113.23
114,93
114.82
118.37
120.12
121.92
123.72
123.59Y
127.44
129.37
131.28
133.27
135.24
132.29
139.33
141,44
143.34
143.74
147.93
150.20
152,44
154.00
152.1)
139.54
181.940

3.48
3.
3.74
3.78
3.02
3.05
3.89
3.93
3.9
4.00
4.04
4.08
.12
416
1.20
4.24
4.28
1.32
4.3
A0
1.1%
449
.54
4.58
1.43
4.48
4,72
4.77
.82
1.87
4,92
4.97
5.02
3.07
5.12
5.7
5.23
.28
RY)
.0
A5

.31

A

LA LYV LA e

1.97
1.%8
1.99
2.00
2.01
2.02
2.04
2.05
2.08
2.07
2.08
2.09
2.10
2.11
2,12
2.13
2.14
.13
2.18
2.17
2.1%
2.20
2.2)
2.22
2.23
2.24
2.23
2.2
.22
2.28
2.1
2.1
2.32
2,33
2.34
2.35
2.148
.37
2.38
2.19
2.40
2.42

79.44
81.13
82.92
B4.48
84.33
88.37
90.30
$2.2)
94.23
76.28
98.37
100.48
102.49
104.90
107.21
109.52
111,94
114,38
116.89
119.43
122.08
124.73
127.351
130.30
133.21
134.13
139.19
142,25
145.4¢4
140.48
132,03
155.42
158.94
162.31
186.23
149.95
173.82
17272.7¢
101,90
106,03
190.32
194.71

47.48
48.78
49.93
71.08
72.24
73.4
74.82
75.83
77.08
78.32
79.40
80.88
82.21
83.33
84.08Y
848.23
87.44
BY.08
90.351
91.93
93.43
74.93
98.47
98.01
?9.39
101,12
102.81
104.44
106.13
107.81
109.33
111.28
113.08
114.87
116.722
118,54
120.48
122.30
124,38
126.32
128.34
130.39

31.22
33.04
32.85
J2.84
32,48
32.28
32.08
31,89
31,49
31.30
I
it
30.%1
30.72
30.32
30.32
30.12
29.92
29.72
29.52
29.32
29.11
28.91
28.71
28.30
28.30
28.09
27.80
27.487
27.44
22.23
27.03
28.83
26.82
28.4)
28.20
25.98
25,77
25.53
25.34
25.12
24,90

294.42
303.73
311,42
Jt1e.12
327.19
333.30
3J41.78
352,310
Jéi.24
370.22
379.41
J8%.04
198.94
400.90
419.32
429.7¢9
440.77
431.00
443.3?7
24,9y
487.18
499.43
312.28
323.19
338.25
332.37
566.687
381.05
394.13
411,32
827,28
443.29
840.13
472.0%
494.87
712.77
731.61

750.54
220.48
790.51

811.43
832.84



10.31
10.30
10.2¢9
10.28
10.28
10.27
10.24
10.23
10.24
10.21
10.22
10.21
10.20
10,19
10.18
10.17
10.1?7
10,14
19.13
10,14
10.113
10.12
10.12
10.11
10.10
10.09
10,08
10.07
10.07
10.04
10.05

1.23
1.22

.20
.18
Yy
8
.15
L
13
2
R
10
.09
.08
.08
.02
1.04
1.03
1.04
1.03
1.02
1.01
1.00
A
.98
.97
.97
96
73
L
.73
.72
.12
9
.90
.09
L
.07
.07
Ny
1)

— et et o . - . - ot e -

44.3)
44.01
43,49
45.19
45.08
44.77
A4,4)
A4,17
41.07
41.50
41.28
42,99
42.70
22.42
42.14
41.84
41.58
A1
41.0)
40.77
40.30
40.24
29.92
s
39.43
Je.20
38.93
38.70
18.45
30,20
37.94
37.72
37.48
317.24
37.00
6,77
34.54
34,31
26.08
35.08
15.44
15.42

24.80

25.18
23.38
25.98
26,139
26.00
27.22
27.484
28.00
28.31
28.94
29.41
29.8)
0.1}
30.01
31,28
.77
32.26
3J2.74
31.27
3.7y
34,30
JA.m
5.9
315.92
38,47
37.04
37.480
30,180
38,77
39.37
3v.9¢4
40.58
11,20
11.04
12,47
43.12
41.70
44.45
45.12
3.
15.5)

1.73
V.74
1.78
1.80
1.81
1.03
1.04
1.04
1.80
V.89
.91
1.93
1.94
1.94
1.98
1.99
2.01
2.0]
2.0%
2.0%
2.08
2.10
2.12
2.14
2.14
2,18
2.20
2.22
2.2)
2.2%
.27
2,30
.12
2.4
2.34
2.38
1.40
2.42
2.44
2.48
2.49

1.10
1.18
1.19
1.20
1.21
1.22
1.22
1.23
1.24
1.23
1.28
1.27
1.28
1.28
1.29
1.30
1.3
1.32
I.33
1.34
1.34
1.35
1.34
1.37
1.38
1.39
1.40
1.41
1.42
.43
1,43
1.44
.43
1.4
1.47
1.48
1,49
1.50
1.51
1.52
.33
1.54

13.00
11.30

11 41
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13.92
14.24
14.54
14.90
15.24
15.59
13.94
16.30
14.44
17.04
17.42
17.82
18.21
18.42
19.01
17.44
19.09
20.33
20.78
21.24
21.70
22.19
22.487
23.17
23.47
24,20
.72
25.28
25.081
28.37
28.94
27.33
28.12
28.24
29.35
29.9¢9
J0.84
31.30
Ji.y’

45.3]
44.21
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F0.VO
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15.83
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A4.40
44.33
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44.2¢
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41.83
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43,57
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41.29
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431.01
42.84
42.72
42.37
42.43
42.28
42.1]
4).98
41,04
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41.54
41,30
41.2]
41.00
40.91
40.77
10.42
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44.55
47.48
48.4)
49.38
50,34
$1.13
92.3%
53.3%
54.42
55.48
56.58
57.48
58.82
59.95
81.14
$2.92
83.55
84.77
86.05
$7.32
88.84
89.98
721.34
2.
24,14
75.56
77.04
78.952
80.04
81.40
83.20
84.79
85.44
88.12
89.84
91.57
93.3%
95.18
97.02
99.07

100.83

102,77

10.04
10.04
10.03
10.02
10.01
10.01
10.00
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?.97
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7.96
7.93
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7.93
?.92
?.91
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7.85
7.084
7.04
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35.20
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3.0
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31,98
.
31.59
31.41
n.22
31.04
30.084
10.49
30.51
30.34
30.17
30.00
29.83
29.64
29.19
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29.17
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28.49
28.5)
268.130
29.22
20.07
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22.727

47.22
A7.9)
4B. 48
49.40
50.13%
50.90
51.460
32,44
53.26
34,05
54,00
33.70
36,54
37.3¢
0.2
iv. 1l
$0.02
40,91
81.04
82.7%
83.70
84,85
45.83
84.40
§7.40
48,480
49.84
20.87
21.73
72.79
.00
724,97
76.10
77.22
78.38
7%.3)
80.73
81.71
83.14
04.36
5.4
Rs.00

2.351
2.33
2.33
2.58
2.40
2.482
2.45
.87
2.49
2.72
2.74
2.77
2.79
2.02
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2.93
2.97
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J. 1A
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3.20
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1.32
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1.93
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VIII. PSY MODEL

THEORETICAL CONSIDERATIONS

The PSY two-dimensional shore-attached surface plume river model
is based on the theoretical solution to the steady-state convecive-
diffusion equation by Paily and Sayre (13). It does not handle jet in-
duced entrainment. As a result it is a far field model or a mocel where
initial momentun of the discharge is small compared to ambient momentu=
In additicn, since it is two-dimensional with no vertical diffusion,
it shculd cnly be used where the receiving water is shallow and the piuce
is attached tc the botto=m.

Tne gcverning ecguaticn for this model is,

hU S (ac) = S [heE (%)
“a_i( ) oy~ ag(Acﬂ

where h = local degth cf ¢

[y

ow; U = depth-averaged velocity in the strez=-
wise directicn; &C = depth-average value of ccncentration in excess cf the
acbient; F = overall transverse zixing coefficient generatad by azbient
turbulence and tend induced seccndary motion; and x and y = distances in
the streaz-wise znd transverse directions respectively. This eguation can

be simplified by introducing a new transverse coordirate defined as,
Y
_ L fhuég (8)
AP

where Qr = total river discharge. If ziver depth and velocity are constant
p is sizply the fraciional distance to the point in question from the near
shore, y/W, where W is the river width. Substituting (8) into (7) and re-

arranging, the convective-diffusion equation beconmes,

V2 ' (9)
_é_(/: Q) = %—- (2¢)
oX y*

p-4o



where h is the average river depth, W is the average width of the river
(both in meters), n is Manning's coefficient, e is the dimensionless
transverse mixing coefficient defined as a = Ey/ﬁb.. The shear velocity,
—_ 3

is define = where S i slope o e ri er
U, is defined as U, RS)* where S is the slope of the river en
gradient. For most rivers, S is the river slope. Manning's coefficient

1/6

is an empirical conszant having dimensions of (length) . Recommended

values are given below,

Type of Surface Manning's Coefficien:, n
Smooth rivers, nc boulclers cr brush 0.025
Moderately rough with medium sizsd rocks 0.03
Irregular with large boulders 0.10

(39

Unfertunately the velue ¢f 2 can vary considerably from river to river.
In relztively straight unifcrz secticns of a river, the fcllowing exgpres-
sion has been fcund to be reasonatle, o = 0.1 -« 0.0019(W/R). A ccrrelatich

for sinucus rvivers cbizined frcm severzl scurces using primartily Missour:i
¢ = c,A(w/%;z{U/u,;z(E/ac)z (133
where Rc is the radius of curvature of the river. The numerical co-
efficients in these ecuaticns can be used if nothing better is available
for the particular river in questicn but should be modified when better
information can be found. When the stretch of the river where dilution
values are desired is large, the value of D may change. 1In this case,

the river should be divided into settions with D assumed to be constant

but different in each section.



where D is the Transverse diffusion factor defined as

L)
[y
(]

.

Equation (9) can be solved with appropriate initial conditions in

terms of the probability density function. See (13} for details. The

solution feor the maximum concentraticn at the near shore for a concentracted

emirmma at Sha Amimrem Te ~an
dULILT anw s+ Viagad 40 pay

the effects cf reflections froz the far shore

th

wheTe Q° is the discharge

5

given by G} = (22x) °. This sclution is plotted Qn Figure 1l labeled

iow rate, and cb is the standard deviaticn

"concentrated source', The other curves on this figure are for discharges

with a finite sized source,
This is given as P = Q./QT where
i
Qi is the average flow within the plume at x equal to zero. For mos:
industrial discharges, setting P = 0 has little effect on the far f{ield

dilution.

The accuracy of the PSY model is highly dependent on the ability cf the
user 2o determine the aprrepriate value of D. Paily and Sayre (13) recox-
zend that D be calculated froz an equation of the form,
- 5/6/H2

D=7 35,1533 (i) (12)

Four



If a2 miforn depth and velocity are assumed, the sclution to
equation (9) can be integrated to yield surface areas within givez lizes
of constamt concentratioc. A-cocputer program has beea writtes to
perforn this integration and 4{s given in this report as the "PSY"
model. When the transverse diffusior factor, river depth, and
wvidth are given as a function distance downstreax and with river
&nd discharge flow rates given, this program prints out the lateral
distance frcm shore to selected lines of comstant concentratioz and the
surface avea vithin them as a fimeton of distance downstreazz.

This 1 shown or Fig. 2 for the sample case considered later. 4s
- exaz=—le, the area prizted out for x = 40% m and C/CO = 0.1 is

2
3020 =" &zd¢ represents the zrea berween the near shore, the cezcemzrazicon

- e -

lize C/C2 = 0.1 a=d x = 405 =. It is shown oa the figure as the

crosshatczed areza. The lateral distance to this line is yp = €.2% =

)

alt

[

h1s value of x. Therefcre, vhen yp goes to zero, the cecnceztratices
line reaches the shcre md the area is complete. TUp wvatil thez, e

acteas prizzed out are cnly partial areas.

EXAMPLE INPUT, OUTZUT AND MODEL LISTING

.Example

Consider the discharge of 1.07 n3/s into a moderately rough Tiver
whose flow rate is 72.28 m¥/s. The average river width and depth are
109 m and 1.0 m, respectively. The river slope is 13/1000. Discharge
is on a bend in the river where the bend radius is 1000 m. About 1000

hY
= belecw the discharge the river straightens out and remains uniferm fer

2
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several thousand meters. The problex is to find the shoreline dilutien
as a function ef distance downstream and the surface acea that has a
dilution of 10 or less.
The procedure is to find a and then D for each section of the river.
From these and the distance downstiream, the appropriate Dx gan be found
for use with Figure 1. I= this case Q/Q, is used for Q/Q, = 0.014.
Froz the data given, the following are determined for the

curved section,

U = Q/RW = 72.28/(109x1.0) = C.663 /s

—-.1.2 , - * -
U, = (grs) = (6.8 x 1.C x 13/:000)° = 0.36]1 m/s

~ ) - A\zﬁ -y~ - .\2' - Aﬁ\z
o o= 0.A(1081.203°(2.663,/C.361)°(2.0/1080)

"

1.0

a value cfn - £.08 is se_ected, wnich gives,

3/6
-t

S = 0,05 x 3.13 x 1.0 x (1.277%/1099% = 1.32 x 1077 (1/m)

c = 0,1+ C.00180105/1.0) = 0.31
which yields,

D2 = 0.05 x 3.13 x 0.31 x (1.0)5/6/(109)2 = 4.3 x 10-6(1/m)

For the curved portion, DX is sizply Dlx. Since the straight section
is below this, Dx there is given by Dx = Dlx1 . Dz(x - xl) where X, is
the distance to the beginning of the straight section from the discharge.

Using the flow rates given and the values of D determined above, the

following table was generated using Figure ] with P = 0.014.

2L



Distance Downs:trean inipus Dilution

froz Source (m) Alcng Near Shore (inverse of concentration
100 4.34
500 9.72
1000 13.2
1500 14.6
2000 15.5
2500 16.5

The areas withi=n the conceztration lines was found by mmning
progrTem PSY. The coputer pimched card formar with values for thi
exz=—le alczg wvith the output a=d a coxplete Fortran listing follcw.
Trem the cutput listizg, 4t is seen that a dliutice of 10 or less
(C/CO = 0.1 or greater) is contained within an area @f 3560 nz wits

the cocmtour lize closing at the shore 565 ¢ dovnstreaz of the

dischacge.



SAMPLE RUN OF J‘sv PROGRAM

Ny ———

20A4

Q1

| jU b]ﬂt 1

03

Anything on thls csrd s printed out at the top of the output listing

2008
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NsL Qo QR SLIM
-1
2 1.07 72.28 2000.
S
110 Fl0.2 F10.2 P10.2
I B jol q 3 : B
NSL = Number of Survey Locations on River
(At least one and a maximum of 20)
Q0 « Discharge flow rate (NJ/a)
YR = River flov rate (mJ/a)
SLIM = Distance downstream whece calculations are to stop (meters)

¢ QIVI

<ENI ITDRYS
ASd




—————————— r

sX Sa SD D
0.0 109. 1.0 1.328-5 (Ftrht card of set)
1000. 109. 1.0 4.38-6 (Sec{Pnd card sinceg NSL = 2)
F10.3] F10.3 F10.3 E10.4
O O T L L L] EEL
S o T o A R N R O R T T K joo
O 1 i ) _._,.,.g O © (2]
sX Nistance downstream of discharge where river data are given
sB Width of river at this point. Used until a different value fa glven
on next card. (meters)
sD Depth of river at this point.
D Transverse diffustion factor (1/meters)
0
E
?
v (T o
iR
™
- S
F-50 %
i




5

rC-5
T

Yp

2.13
2.16
2.14
2.12
1.78
a.040

ATTACHED TO SHORE

SOLUTION TO SURFACE DISCHARGE PRODBLEM WITH SHORE- ATTACHED PLUNE
CASE ! SANPLE BUN OF PSY PROGRAN
¢ DISCHARGE FLOW RATE = 1.070 CUBIC METER/SECOND
o RIVER FLOW RATE . 72.200 CUBIC METER/SECOND o0
AREA (A) --NETER#92 LATERAL DISTANCE {YP) --HETER FROM DISCHARGE DANK
CONCENTRATION RATIO  €/CO
.01 .05 .10 .30 .50
DISTANCE A P A YP A Yp A Yp A
.10 076401 3,18 .985E400  2.27 L950E400  2.47 .BBSEX00  2.41 .B12E400
1.20 L3B2E401 3,70 J3IBEVOY 5.21 3236401 3.02  C.2B5E+01 2.5 L253E+0/
2.80 .1036402  4.35 LBRPAESO)  3.74 LBIZE01 3,39 LA9BE01 2,44 .S90E+01
4.00 L258E402  5.38 ,2206402 4,43 2016402 3.94 L150E402  2.88 J128E402
12.40 J64BE102  4.79 .5ISE+02  5.40 AZ7E402  AL49 J350E402 3,10 L25JE402
25.20 L164€403  8.48 JI31E403 472 JU14E403 5. 44 J7A8E402 3,09 1476402
15.20 JIS9E403 10.82 L279€403  8.10 L238E403  5.56 J120E403 2,28
85.20 JS9ZE€03 12,46 JAS2E403 9. 11 JI73E003 7416 LISIE+D3  0.00
85.20 .BSSEeNY  13.05 LB82E403 9,92 .520£403  7.58  ATTACHED YO SHORE
105.20 JHI4ER04 15,04 .BA7E403 10,59 .475E403  7.88
125.20 456604 1611 L106E+04 11,18 .B3I5E103  8.09
145.20 796004 17,07 JI29E404 11,44 J990E+0] 8,23
185,20 J204E404 17,95 JSIEC04 12,10 J18E004 8,32
185.20 L250E404  18.79 JI78E404 12,49 J13IE004 835
205.20 L209E404  19.55 L203E404 12,85 J1S0E004 B, 14
225.20 JJ29E+04  20.28 J2296404 13,17 JN68E004  8.30
245.20 JIJ0E404  20.97 L258E404 13,44 JIBIEV04  §.22
265.20 LAI2E404 21.4) L283E404  13.72 1996004 8.10
285.20 JASBELON  22.23 JII0EC0A 13,92 L2156404  7.95
305.20 S501E004  27.84 JIIVELOA 14.19 L231E408 7.77
325.20 LSA0E+04 2341 LJEPER0A 14.39 L244E 004 7.55
JA5.20 «595€¢04 23,94 LI96E004 14,50 L241E104 /.30
365.20 L8440404  24.49 LA256404  14.25 L225C004 7,01
305.20 L693E+04  25.00 LADSE104 14.9) 2096004 467

YINE (SEC
LOP4E40
.17BED
JAT4E40
L8%2E+¢0:
«1BYE1 0.
JA74E40;
JA822E30:
«F6YE402
127E4D]
LHIBEVD)
LACHEHOQ]
216E10}
L245E40)
.275E40]
.105E403
.335E403
< 364803
.394E40]
LA24E140]
LASAL 0]
JAB3ICe0)
LH13E403
.543E403
.9726403



405.20
425.20
443.20
465.20
405.20
505%.20
523.20
943.20
3653.20
583.20
405.20
$25.20
845.20
445.2
605.20
705.20
225.290
245.20
765.20
785.20
805.2¢
825.20
843.20
045.20
883.7
703.20
£25.20
945.70
765.20
$83.2
1005.20
1043.20
1003.20
1125.20
1185.20
1203.20

SZ4AE404
7956404
JBADEOY
<P0tE04
LP55E004
L101E409
10726405
+H12E409
SI18E¢0S
LA24E4035
1308405
LV IBEVOS
AA2E405
<F40E+03
JE54E403
J180E405
JNB7E40Y
«173E403
. 1B0E103
. 104E403
I9IE40S
JAPPELOS
«208E+03
2136403
+120E403
«227E4035
«2JIE40S
.240E003
.248E40)
2536003
L282E403
«276E405
J291E4Q3
.JOSE 03
.320€405
L33404003

23.30
25.98
2. 14
26.89
27.33
27.73
8.7
28.57
28.94
29.35
29.23
Jo.ro
Jo.4d
Jo.84
35
31,49
3.0
32.15
32.47
32.7¢
13.10
JJ.40
33.70
11.9¢9
34208
34.57
34.85
35.12
35.3¢
35.64
35.08
J4.035
34.22
34.39
38.33
38.72

LABSEVO4
LOI5E404
CSA8E404
37276404
LH00E D4
L639E404
LA70E 404
LJO1E0Y
L733E 004
L745E404
.297E104
.B829E+04
LO81ELDA
0936404
LIINE04
9376004
LI90E404
L102E4 03
L105E03
L109E¢0S
LA12E408
LHISEHDS
.1 1BE+Q3
L122E403
L 1250405
.12BE¢03
LIEDS
LI34E003
L13I0E405
LIAE40S
< JA4E2 05
< 150E403
LI157E405
L183E403
J1A9E 03
LI725E005

15.04
15.19
15.34
15.42
15.33
15,62
15.70
15.78
13.83
15.91
15.94
té. ol
14,05
t6.08
186.11
16.13
16,15
14.14
16,14
14,14
16.14
18,15
16.13
14,11
t6.09
16,08
18.02
15.9¢
15.74
15.90
13.84
15.82
15.78
15.74
15.70
15,448

<3028 404
LIAE1 04
L2564 04
SIJAE 04
<JAAE 00
«ISTE+04
3556404
LISAE 04

4.29
J.084
5.34
4.74
4.03
J.o04

.02
0.00

ATTACHED TD SUHORE

LB02E¢C
LAJ2EH0
Lb62€40
AFIESD
S2IE0
LIAEND
.700E%0
81040
LQ40E¢0
.B70E 40,
.B9PE+0,
.929E 0,
LIOFE+0.
L909€ 40
L102€104
1056104
LJ0BEYOM
LIHIE04
LL14E4 04
1728404
L 20E+ 04
L121E104
JA24E+04
SSQEV0A
L1326404
L135E404
LAI7EC0N
LAA0E404
LH43E404
LT44E404
LIA49E004
. 133E404
LAS1EDY
JA87E404
1738404
LI29E 04



1245.20
1205.20
1325.20
1365.20
1405.20
1445.20
1483.20
1525.20
1563.20
1403.20
1645.20
1485.20
1725.20
17285.20
1805.20
1845.20
1865.20
1925.20
1965.20
2000.00

LJA49€403
+JEAE QS
.J79€4¢035
«JP4E¢05
~A09E+03
<A24E405
LAIPE+03
<ASAE+0]
~A49E405
<484E+035
«J00E+03
JSIJE403
«3JI1E¢03
JO46E¢02
5626403
377E¢03
«37JE+03
409€403
B25E+403
LAA1E403

Jé.80
37.04
37.20
37.36
37.52
37.48
37.03
37.9¢
30.14
38.29
38.44
38.39
38.74
36.08
39.03
1%.17
3v.32
39.46
39.40
37.72

18264035
.10BE¢0S5
MRZ] XXtk
«200E¢05
«207E4035
L21JE40)
«21TE403
«225E403
«2J1EH0D
«2I72E1405
L243E405
L2A49E405
2536403
<281E405
«287E405
.273E405
L279E4035
.285€E103
«291E403
«2956E405

15.42
15.37
13.32
15.48
15.42
15.37
15.32
15.26
13.20
15.14
15.08
15.02
14.95
14.09
14.82
14.75
14.47
14.40
14.52
14.45

+100E+0
LNIED:
L197€40
L20JE+04
.209E404
<2ISE404
£ 221E404
L227E1404
2336404
L2I%E104
L 24461004
2508404
256€404
2620404
.268E€404
«274E404
.200E+04
.206E+404
L292E404
+298E404



IX  NOMENCLAITRE

c Concentration

C/Co Dimensionless concentration ratio - inverse of diluzio:
D Transverse diffusion factor, equation (10)

Ey Overall transverse mixing coefficient

Fo Discharge densimetric Froude number

h River dept: in PSY model. b is average value.
E Plume depth in PDS and PDSM models

a HMazoing's coefficient

P Tracnsverse coordinate iz PSY model

P Izizial dilutier facter, PSY model

2 Volumerric flov rate

Q/Qo D:lusion

T Falizl cocréinezte iz DKEZLM model

RC Radius of river bénd

s Streaxzline coordinate in DKEPLMnodel
S Slcpe of river energy line

u Plize streamise velocity

v transverse velocity

U Velocicy

U, Shear velocity = (gﬁS)H

X,y Cooxdinates

yP Transverse coordinate in PSY output
W River width

a Diffusion coefficient, PSY model

8 Flow zmgle

el Fluid density

a

Standard devtaticn cf distridutieon fimerien
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Subscripts and SuoerscTipts

a Ambient

n Maxiruz or plume centerline
o Discharge

T River

® Free stream

Turbulegt quantity
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Appendix G

Section 301(g) Checklist

State and Regional personnel should use this checklist when
reviewing section 301(g) variance request. Section 301(g) applicants
may also use this checklist to ensure their application addresses
and documents all necessary items. The checklist covers all the
factors EPA has identified as important in considering a section
301(g) request. As the importance of each item will vary from
site to site, a careful review of the checklist by the permit writer
and the applicant, during the early consultation period, can help
the applicant determine the degree to which each of these factors

must be addressed.

How To Use This Checklist

EPA recommends that Regional and State personnel use this
checklist first to determine what the applicant should submit in
its completed request and secondly, to review the submitted

completed section 301{g) variance request.

The checklist consists of a series of questions addressing
the statutory factors listed in section 301(g) of the CWA.
State and Regional personnel will determine whether to grant a
variance based upon the information furnished in response to the

various factors outlined in the checklist.



I. Preliminary Information

Did the applicant provide the following:
l. Legal name and mailing address?

2. Name and address of the point source for which the variance
is being sought if it is cdifferent from Number 1?

3. Facility ID Number (FPA ID Number)?

4. Name, title, telephone number and address of person in the
firm to contact about the section 301(g) completed reguest?

S. Identificatior of the nonconventicnal pollutant(s) cr gollutanrt
parameter for which a section 301(3) variance 1is scught?

A, The 40 CFR citaticn for the speciflc effluent guideline
containing the limitaticn fror which the section 3Ci(g:
variance 1s scught?

7. The date the initial reguest (ir accordance with 40 CFR 122.21%)
for the section 301(g) variance was submitted tc EPA? (Was

a postcard subritted by September 1978, or was an initial

request subritted 270 days after the promulgation of the

applicable guideline?)

8. The date the applicable BAT effluent guideline(s) was promul-
gatec? (If nc RAT effliLert guidelines were prorulgated, the
date the notice of preparation of the draft BPJ/BAT permit was
published,)

9., The proposed mocdified effluent limitation (PMEL) for the ror-
conventional pollutant?

10. The promulgated BPT effluent guideline limitations? (If no
BPT guideline exists, the limitation derived by the State/
Region. )

11. The permit compliance schedule?

12. A list or description of State water gquality standards applicatil=
to the nonconventional pollutant(s)?

II. Environmental Quality Information

A. IMPACT TO POINT AND NONPOINT SOURCES

Did the applicant provide:

1. an analysis of the potential impact of the applicant's PMEL on
other point and nongoint sources in the vicinity of the point
of discharge?
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SPECIFICALLY, DID THE APPLICANT:

a. Identify all the point and nonpoint sources in the vicinity
of its discharge (with assistance of State permitting authority)?

b. obtain a determination from the State or interstate agency(s)
having authority to establish wasteload allocations indicating
whether the discharge of the PMEL would result in an additional
treatment, pollution control, or other requirements on any point
or nonpoint sources? (The State must include a discussion of
the basis for its conclusion,)

If neither a or b were addressed:
c. Confer with nearby point sources to determine the possible

impact on those sources if the PMEL were approved in a
section 30l(g) variance?

B. IMPACT TO RECREATIONAL ACTIVITIES
Did the applicant provide:

1. An analysis of the potential impact the PMEL wculd have on
recreational activities in and on the water in the vicinity
of the discharge?

SPECIFICALLY, DID THE APPLICANT:

a. ldentify recreational activities in and on the water in the
vicinity of its discharge?

b. Provide an analysis which determined whether the PMEL would
interfere with recreational activities beyond the mixing zone
including without limitation swimming, diving, boating, fishing
and picnicking and sports activities along shorelines and
beaches?

C. IMPACT TO PUBLIC WATER SUPPLIES
Did the applicant provide:

1. an analysis of the potential impact of the PMEL to public water
supplies in the vicinity of its discharge?

SPECIFICALLY, DID THE APPLICANT:

a., Identify the public water supplies in the vicinity of its
discharge?

b. Provide an analysis which demonstrated that the PMEL would not
prevent a planned or existing public water supply from being
used, or from continuing to be used as a public water supply.
or have the effect of requiring any public water supply to
provide additional treatment?
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or

or

or

D.

IMPACT TO AQUATIC LIFE AND HUMAN HEALTH

Did the applicant provide:

1.

E.

a demonstration that the PMEL would still maintain water quality
which protects the propogation of a balanced population of
shellfish, fish, and wildlife and that the PMEL would not

pose an unacceptable risk to human health and the environment
because of biocaccumulation, persistency, acute toxicity,

chronic toxicity (including carcinogenicity, teratogenicity,
mutagenicity) or synergistic effects?

SPECIFICALLY, DID THE APPLICANT:

identify a State water quality standard or an EPA water quality
criterion (most recently published or Red Book) for the noncon-
ventional pollutant which protects both aquatic life and human
health at the edge of the mixing zone?

derive a site-specific criterion number for the nonconventional
pollutant using an EPA-approved criterion derivation methodology,
and if so, were local species used in the criterion derivation
approved by the Regional Administrator?

derive a criterion for the nonconventional pollutant using another
method which was approved by OWRS?

derive a safe concentration for the nonconventional pollutant
by some other approved means such as field testing, literature
search, biomonitoring?

demonstrate that the PMEL, after dilution in the mixing zone,
would meet that water quality standard or criterion?

demonstrate that all other factors such as biocaccumulation,
persistency, and synergistic propensities have been adequately
addressed? (See questions on persistency and synergism in
Section ITI of the checklist)

MODELLING AND FATE AS RELATED TO SECTION 301(g)} VARIANCES

Did the applicant:

l.

Provide an aerial-view map of the facility and the surrounding
area illustrating the boundary of the State mixing zone and
the concentration isopleth of the nonconventional pollutant
from point of discharge to the mixing zone boundary?

Identify which model was used to determine the dilution pattern
of the nonconventional pollutant and provide a basis for using
that particular model?
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organism in two different ways simultaneously? (E.g. one
pollutant affecting respiration, another the central nervous
system. )

d. apply biomonitoring techniques to determine whether synergism
is occurring in applicant's effluent. (Were toxicity tests
conducted on separate toxic, conventional, or nonconventional
fractions and then on the whole effluent to determine differences
between the toxicity of the whole effluent and the different
fractions?)

e. examine the potential for additivity in the effluent?

C. PERSISTENCY
Did the applicant:

1. Identify pollutants which could impact aquatic life or human
health due to persistency?

SPECIFICALLY, DID THE APPLICANT:
a. examine chemical or physical reactions such as volatilization,
photolysis, adsorption, absorption, oxidation and hydrolysis to

determine the fate of the nonconventional pollutant?

b. apply direct analytical methods or conduct a literature search
to determine the persistency of the nonconventional pollutant?

c. conduct structural analysis of the principal components in the

effluent to determine whether the compounds are of a persistent
nature?

G-



APPENLIN

The following lists provide the current status of the Techrical
Guidance Manua.s for Performing Wasteloal A.loacations. These have beer

developed by the Office of Water Requlations and Standards, Monitorimm and
Data Support Division. If you have any cuestions about anyv of these docurersr

(or2v 28l-nar,

or would like a con' of ore of these documents rlease call (.71 .
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GENERAL GUIDANCE

STREAMS AND RIVERS
1. BOD/DO ImpacTs

2. NUTRIENT/EUTROPHICATION IMPACTS
3. Toxic SuBSTANCES IMPACTS

ESTUARIES
1. BOD/DO ImpacTs
2. NUTRIENT/EUTROPHICATION IMPACTS
3. Toxic SUBSTANCES IMPACTS
LAKES AND IMPOUNDMENTS
1. BOD/DO ImpacTS
2. NUTRIENT/EUTROPHICATION [MPACTS
3. Toxic SUBSTANCES [MPACTS
DESIGN CONDITIONS
1. DesioN FLow
Des16N TEMPERATURE
Desien PH

2.
z,
4. Des1GN EFFLUENT FLow
5. DesioN RATE CoNSTANTS

PERMIT AVERAGING

SCREENING MANUAL

1. Toxic OrGaNIC AND CONVENTIONAL POLLUTANTS
2. Toxic MeTaLs

INNOVATIVE PERMITS

BIOMONITORING

1. Desion CONDITIONS
2. PErMIT AVERAGING
3. MoDELING ToxicITY
4. Mixinc ZONE

)



EINAL NATIONAL GUIDANCE
DATE THE FOLLOWING FINAL NATIONAL GUIDANCE HAS BEEN ISSUED:

- A SCREENING PROCEDURE FOR Toxic AND CONVENTIONAL POLLUTANTS

(AucusT 29, 1983)

- [AkES AND IMPOUNDMENYS, CHAPTER 2, EUTROPHICATION

(AueusT 29, 1983)

- STreams AND Rivers, CHAPTER 1, BOD/DO Impacts

(OcToBer 3, 1983)

oTo

STREAMS AND RIVERS, CHAPTER 2, EUTROPHICATION

(scHEDULED DeceMBer 1983)

0 THE FOLLOWING FINAL NATIONAL GUIDANCE IS PLANNED FOR RELEASE IN THE
COMING YEAR:

- StreamMs AND RIVERs, CHAPTER 3, Toxic SUBSTANCES

(SCHEDULED SEPTEMBER 198Y4)

- PerMiT AvERAGING PERIODS

(SCHEDULED SEPTEMBER 1984)



R ALS FOR HEADQUARTER R W 2

0 WITHIN THE PAST YEAR, THE FOLLOWING DRAFT GUIDANCE MANUALS WERE SENT

TO THE HEADQUARTERS AND REGIONS FOR REVIEW AND COMMENT:

- STREAMS AND RIVERS, CHAPTER 2, EUTROPHICATION

PERMIT AVERAGING

- STREAMS AND RivERs, CHaPTER 3, ToxIc SUBSTANCES

- Desioh ConpiTioNS, CHAPTER 1, DesioN FLow

- INNOVAT]VE PERMITS

0 DraFTs OF THE FOLLOWING WLA GUIDANCE MANUALS ARE UNDER DEVELOPMENT AND
SCHEDULED FOR RELEASE TO THE HEADQUARTERS AND REGIONS FOR REVIEW AND

COMMENT DURING FY84:

- DesigN ConpiTIONS, CHAPTER 2, DESIGN TEMPERATURE
- DesigN ConpITIoNs, CHapTER 3, DESiGN PH

- A SCREENING PROCEDURE FOR Toxic MevaLs

- Estuaries, CHapTer 1, BOD/DO ImpacTs

- Estuaries, CHaPTER 2, EUTROPHICATION

- Lags AND |MPOUNDMENTS, CHAPTER 3, Toxic SUBSTANCES
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PREPARATION OF THE FOLLOWING DRAFT WASTELOAD ALLOCATION GUIDANCE

MANUALS 1S SCHEDULED FOR INITIATION DURING FY84:

- GENERAL GuIDANCE (NovemBer 1983)

- EstuariEs, CHAPTER 3, Toxic SuBsTANCES (MarcH 1984)

- DEsiGgN CoNDITIONS, CHAPTER 4, EFFLUENT FLow (OcToBER 1983)

- DEsigN ConpITioNS, CHAPTER 5, RaTE CoNnsTANTS (To BE DETERMINED)
- [AkEs anNp IMPouNDMENTS, CHaPTER 1, BOD/DO ImpacTs (To BE
DETERMINED)

DEVELOPMENT OF THE FOLLOWING GUIDANCE MANUALS ON THE BIOMONITORING

APPROACH 1S ALSO PLANNED FOR INITIATION IN FY34:

- PerMIT AVERAGING FOR GENER!C ToxiciTy (NovemBer 1983)
- Des1oN ConDITIONS FOR GENERIC ToxiciTy (NovemBer 1983)
- MopeLinG Generic Toxicity (Decemer 1983)

- Mixine ZoNE (To 8" DETERMINED)
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TECHNICAL TRAINING SEMINARS PLANNED FOR FY8U ARE:
- BOD/DO MopeLing IN DaLLAS, JaNuary 1984
- Tox1¢c SUBSTANCES IN ATLANTA, MarcH 1984

- Toxic SUBSTANCES IN SAN Francisco, May 1984

- DesioN ConDITIONS/PERMIT AVERAGING, AucusT 1984

(LocaTioN 70 BE DETERMINED)

- INNOVATIVE PERMITS, AucusT 1984

(LocaTioN TO BE DETERMINED)
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