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IMPORTANT EPA CONTACTS 

DIVISION 

PERMITS 
(Office of water 
Enforcement and 
Permits) 

CRITERIA & STANDARDS 
(Office of water 
Regulations and 
Standards) 

MONITORING AND DATA 
SUPPORT (Office of 
Water Regulations 
and Standards) 

PHONE t 

(202) 426-7035 

( 202) 245-3042 

(202) 382-7056 

CARCINOGEN ASSESSMENT (202) 382-7343 
GROUP (CAGl (Office 
of Research and 
Development) 

RESEARCH AND 
DEVELOPMENT 
(Environmental 
Criteria and 
Assessment Office, 
ECAO-Cin.) 

(Industrial 
Environmental 
Research Lab, 
IERL-Cin.) 

( 513) 684;_7531 

(513) 684-4402 

30l(g) RELATED ACTIVITY 

overall review and 
coordination; use of 
biomonitoring 

updates on EPA criteria; 
review of alternative 
criteria derivation 
methods 

fate models/wasteload 
allocations/design 
conditions 

carcinogenicity determin­
ations; updates of CAG 
list 

human health risk analyses; 
criteria updates and Multi­
Media documents, and ADI 
derivations 

bench scale treatment 
studies 
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I. Introduction 

A. Purpose of this Manual 

The purpose of this manual is to assist applicants, 

States, and EPA Regions in developing sect1on 30l(g) variance 

requests and reviewing completed section 30l(g) requests. This 

manual outlines the roles for each of the parties involved 1n 

the variance process and identifies techniques and methods of 

use in the section 30l(g) process. If any of the methodologies 

or conditions .recommended in this manual seem inappropr~a.te ·to 

an appl1cant's situation, the applicant may use alternat1ve 

met~ods bJt must first get approval from EPA (the Director of 

OWRS and Regional Adm1nistrator have separate responsibilities) 

durtnd the earlt conswlt3tion su~0esterl in the regulation~ addressi~~ 

40 CFR Part llS, Sub~art F." 

B. Statutory Background 

The Clean Water Act requires achievement of best available 

technology economically achievable !BAT) effluent limitations 

for all nnncnnve~tional 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 30l(b) (2) (F). 

Section 30l(g) of the Clean Water Act (P.L. 95-217) establishes 

a mechanism whereby a discharger ~ay obtain a modification of the 

requirements of section 30l(b)(2)(F). The discharger can be 

granted a section 30l(g) va(iance 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 J. If chan<;~es are made when 
the regulation is promulgated, this manual will be modLfied 
accordingly. AR-31 
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criteria were specified in the 1977 amendments to the Clean ~ater 

Act: 

o the variance is not available for pollutants designated 

as toxic, conventional, or as a thermal component of a 

d1scharge. 

o the new limitation will not be less than required by 

best practicable control technology currently available (bPT'. 

o the new limitation will comply with applicable water 

quality stanaards specitic to the nonconventional pollutant. 

o the modificat10n will not result in any additiona·l rec;uirem<·rot<o 

on any other ~oint or nonpoint source. 

n the mod•ficatrnn will net interfere with water quality 

whlch assures ~rctect1on of public drinking .water su~i!lles 

and the protection and propagation of a balanced populatlon 

ot f1sh, shelltish, 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 reasonably be anticipated to pose an 

unacceptable risk to human health or the environment due to 

acute toxicity, chronic toxicity (including carcinogenicity, 

mutagenicity or teratogenicity), bioaccumulation, persistency, 

or synergistic propensities. 

The legislative histoly of ·the 1977 &uendments to section 

301 of the Clean Water Act (CWA) makes it clear that Congress 

intended relief from promulgated BAT effluent 1 irni tat ions 
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lines where warranted. Congress determined that it was possible 

that the BAT requirement~ 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, appropriat~ 

relief from unnecessarily string~nt limitations should be provided. 

Congress envisioned that the Administrator would develop a pollutant­

specific waiver without affecting necessary BAT limitations on 

the remainrler of the pollutants in the discharge. The enactment 

of section 30l(gl was the result of an effort to eliminate "treatment 

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 30l(g) process be as expedi­

tious as possible. 

To make the variance process as efficient and expeditiou
1
s 

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. 

At a minimum, the proposed modified effluent limitation (PMEL) 

must meet applicable State water quality standards. In those 

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 

AR-31 
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edge of the State mixing zone. (See Figure I) 

To avoid lengthy studies (i.e., site-specific environmental 

impact assessments which require extensive resources and time), 

EPA recommends use of sectlori 304(a} water quality criteria 

unless relevant criteria do not exist or the EPA Director 

of the Office of Water Regulations and Standards consents to the 

development of other criteria, notwithstanding the existence of 

relevant 304(a) criteria. Therefore, the criteria or applicable 

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

variance determinations. Essentially the variance hinges on 

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

site-specific) water quality criteria for nonconventional pollutants, 

at the edge of a:1 aut',orizecl mixing zone. Compliance with water • 

quality standarns or criteria at the edge of the mixing zone 

would provide EPI', wit'' a strr,n:J bi>sis for concluding that aquatic 

li:e and human health will be protected from acute ann chronic 

toxicity. Additionally, however, all other statutory factors 

will have to be addressed on a case-by-case basis such as synergism, 

persistency, etc. 

-~!!PS to Gaining a Variance 

The following is a summary of the steps required to gain 

a section 30l{g) variance. These steps are discussed in more 

detai~ in section II. 

1. Identify pollutant as nonconventional. 
2. Ensure compliance with BPT or BPJ/BPT. 
3. Demonstrate no impact on other point and nonpoint sources= 
4. Ensure compliance with applicable State water quality 

standards, or EPA water quality criteria at edge of State 
mixing zone if there is no State standard. 

5- Demonstrate no impact on water suppliese 
6. Demonstrate no impact on recreational activities. 

AR-31 
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7, Ensure no impact on human health. 
8. Demonstrate no synergism/persistency causing anv~rse impact. 

D. ~PP-\._~~~f!_t:_ -~':.~J2~~~bil_~1:_i,_e_~. 

The primary responsibility of the applicant is to file a 

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 

30l(g) requirements. The burden of proof is on the applicant. 

The applicant should work as clos~ly as possible with the 

State and Re~iona! permittin1 authority in order to determine an 

acceptable pcan for developinq a completed request. The applicant 

is encoura3ed to conduct an early consultation with the State 

an~ Region to outline the sturlies an~ ~ata that will be contain~·~ 

in its co~plete~ request. This will help to avoid denial of an 

application based on incompleteness or misinterpretation of the 

section 301 ig) requirements. 

Appendix G is a 30l(g) checklist which is designed to help 

the applicant file an adequate, co~pleted 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. 

E. State Role _, ____ _ 
A number of aspects will involve the State whP-re the variance 

request originates. They are: 

o State coneurrenee required. 
o State water quality standards must be met. 
o State mixing zones must be useO. 

AR-31 
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o State Agency responsible for wasteloari allocations (other 
point sources) must make determination about impact of PMEL 
on other sources. 

Section 30l(g) authorizes the EPA Administrator to approve 

section 30l(g) variance requests. The Administrator has delegater. 

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 l24.62(d). A strong State 

role in the section 30l(g) variance process is nonetheless assured 

because the statute requires that no modified effluent limitntion 

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 30l(g) deter~ination. 

V>. Th.-, State Director o:' an NPDES-approved State may deny or 

:orwarrl to the Regional Administ~ator with a written concurrence, 

or submit to the EPA Regional Administrator without recommeniatio'1, 

a completed request for a section 30l(g) variance (40 CFR l24.62(b)). 

In non-NPDES States, the State Director may provide certificatio~ 

of ~ permit containing a section 30l(gl 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 30l(g) analysis when comparing concentrations of 

the discharged nonconventional pollutant to the water quality 

standard or water quality criteria, (whichever is more appropriateiAR-31 
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The State!s mixing zone (defined by its water quality standards) 

will be used to review water quality effects even when an innepen1ent 

criterion number, not a State water quality st~ndard_, is used to 

define a6cept~ble concentrations of the noryconventional pollutants. 

[f the State has no mixing zone, the State should work with the 

applicant to derive a site-specific mixing zone for section 

30l(g) purpos~s, unless the State prohibits a mixing zone. In 

that case the .proposed modified effluent limitation must be met 

at the point of discharge (end of pipe). 

In addition to the ah~·e responsibilities, the section 

30l(g) regulation requic~s a State to determine whether th~ 

applicant's modi•i~d effluent will result in any additional 

requirements on othec point or nonpoint sources. The State must 

determine w~ether there are any wasteload allocation/total maxi~u~ 

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 RegiC:~~~-!iqle 

Section 30l(g) requires th~ Regional Administrator to oleny 

or approve each 30l(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 Regional 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 (gl 
AR-31 
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variance decision. 

G~ -~~~~~-~q~~~~~~~~~~ 

EPA recommends that all applicants hold an early consultation 

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 ~etermine what is• required to prepare a section 30l(gl complete.J 

request. The early consultation should help the applicant avoid 

unnecessary or inadequat~ testing and could lead to a redirection 

of the applica~t's proposed study. 

During the early consultation, the applicant should discuss a 

plan of study describing the proposed modified effluent limitatio~. 

a general description of the data, studies1· experiments and other 

information to be submitted1 including any bther data and informatlo~ 

necessary to assist the Regional Administrator and StatP. Director 

in det~rmining whether·thc applicant's plan of study is adequate. 

Early consultation is particularly recommended if: (1) the 

proposed modified effluent limitation is for a pollutant or pollutant 

parameter for which the Sta'te 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 modifieo effluent 

limitation is for a pollutant or pollutant parameter which is 

suspected of being a carcinogen (Applicants may determine whether 

the nonconventional pollutant has be~n evaluated by the Carcinogen 

Assessment Group (CAGl of EPA, and whether it is suspected of 

AR-31 
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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 requested 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 122.2l(n)(2l. 

The following paragraphs discuss the factors that need to 

be addressed in order to be considered for a section 30l(g) 

variance. Many of the s~ctions provide EPA recommendations 

on how they should be addressed; howevet, an applicant may present 

its own methods anry suggestions to the EPA Region and Headquarters. 

If an applicant believes there is a better way of addressing 

an issue under section 30l!g), the applicant should discuss th~ 

option with EPA during the early· consultatio_n period hefore 

proceeding. 
1
section 125.53(b) discusses the recommended time 

periods when early consultations should be held. 

A. Pollutant Check 

The firsi 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 

urider section 304(a)(4) are ineligible for a variance under 

section JOl(g}. See Appendix A or 40 CPR 401.15 and 401.16. 

However, de1isted pollutants, those pollutants removed from the 

307(a) list of toxic pollutants through EPA administrative 

action, are ~ligible for section 30l(g) variances. (Officfal 

delistings will be publicly noticed in the Federal _Reg_!_~!:_~~·) 

AR-31 
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Pollutant parameters such as COD, surfactants, TOC, total 

phenois, etc. are also .eligible for a section 301(qi variance a~ 

long as none of the constituents is found bn 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 pollutants 

make up the pollutant parameter, 

The owner/operator of a point source must demonstrate that 

the proposed modified effluent limitation IPMEL) will, at .a 

minimum, be as strin3ent as BPT for the nonconventional pollutant 

in question. If an applicant requests a variance from a BAT 

guideline when there is no BP~ guideline for that specific 

industrial subcategory, the permitting authority must determine 

a BPT/BPJ (best professinna~ i~iqment) limit fnr that pollutant 

which will serve as a minimum requirement. 

At a minim~m. 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 30l(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, 
AR-31 



-11-

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. 

The owner/operator of a point source must demonstrate that 

the modified ~ffluent limitation will not result in any additional 

requirements on any other point and nonpoint sources. 

The section 30l(g) regulation requires that a section 30l(g) 

applicant obtain a determination from the st·ate 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 

nonpoint 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 30l(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 load expected in the receiving 

stream if a variance is granted would affect any other source's 

AR-31 
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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 30l(g) resulted in additional requirements 

on these dischargers, the 30l(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 30l(gl regulation requires that once a 

section 30l(g) variance has heen grante<l, the State must 

establish numerical water quality standards for the nonconventional 

pollutant and WLAs anJ TMDLs for the section 30l(g) source and 

the other di~chargers in the vicinity. This must be done within 

the 5 yeat per~it term for the SQCtion 30l(g) permittee and 

before the permit containing tile section 301 (q) variance is 

reissued. The ratirmale for tl1is requirement is ~hat many of 

the factors considered in a section 30l(g) review are also considere~ 

in the development of water quality standards (under section 303(c) 

of the Clean Water Act). Accor<lingly, it follows that the resultinq 

data from a section 30l(g) variance should be ~pplied 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. Maint:_e_~<;!! of wat~~<lt:<!l:_i__~X 

Section 30l(g) requires an applicant to assure protection 

AR-31 
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of water quality which will protect the following: 

1. Public water supply 
2. Recreational Activities 
3. Balanced Population oE Shellfish, Fish, Wildlife 
4. Human Health Considerations 

l. 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 o~ the discharge to determine if the PMEL would affect 

their operation. If they at:e affected, a s,ection 301 (g) variance 

request would be denied. The applicant should also determine 

from the permitting authority whether State or local drinking 

water standat:ds 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 30l(gl 

variance request would be denied. The section 301 (g) regulation 

requires that the PMEL not interfere with recreational activities 

AR-31 
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beyonrl the mixing zone boun~ary (or zone of initial dilution, 

whichever is applicable), including without limitation swimmin~. 

diving, boating, fishing and picnicking and sports activities 

along shorelines. river banks, lake shores and beaches. 

The section 30l(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 30l(g) variance would affect these activities. For 

exa~p:e, does the PMEL, after dilution in the mixing zone. exceed 

hu~an health related standards or criteria? Human health criteria 

pr:otect huroa:1s from both body contact and the consumpti·on of 

water, fish or st.ellfis~ containing harmful levels of pollutants. 

An aquatic life criterion is a good measure of the potential 

impact to a fish population associated with a specific recreational 

use such as trout fishing. 

Section 30l(g) requires the applicant to demonstrate that a 

section 30l(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 ch~onic 

toxicity, persistency, bioaccumulation and syn~rgistic propensities. 

AR-31 
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(Chronic toxicity, according to section 30l(g}, includes carcinogen­

icity, teratogenicity, and mutagenicity.) 

Applica~ts are urged to ~se State water quality standar~s 

in making a section 30l(g) variance demonstration, if 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/swim~able," ''drinking water," or "aquatic ·life'' standards. 

State standards protecting designated uses such as "industrial" 

or "agricul tura 1" are not acceptable to demonstrate compl Lance 

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 30l(g) assessment. 

If State standards are inadequate to protect aquatic life 

and human health, or are not avaiiable 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. Theie criteria address several of the 

.objectives which underlie the section 30l(g} statutory criteria 

(including acute and chronic toxicity and bioaccumulation). 

The criteria, ~esigned to prot~ct 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 criteA~~31 
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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 

if 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 _<?_~_B i~~~r:!.-~ to~~l!'l 

Meeting a water quality standard or water quality 

criterion is a good indication that water quality i~ 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 30l(gl 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 AR-31 
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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 Taxies Control, May 1984) to determine 

appropriate biomonitoring techniques for the 30l(gl applicant.· 

4. Human Health Considerations 
----~----- ---~ -·- ---- ----------

If State water quality standards or EPA water quality 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 aquatic life toxicity criterion number as 

a baseline requirement and also demonstrate that human health 

is not bein1 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 

II I-A.) The applicant should secondly determine whether an AR-31 
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acceptable daily intake (AD!) is available for a particular 

chemical. AD!s 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 avail_able. 

If not, ECAO can provide guidelines for their determination. 

To deter~ine mutagenicity, an applicant may follow EPA's 

proposed guidelines for determining mutagenicity found at 47 FR 

53200, Pesticiries Reg~stration: Proposed data requirements, Nov-

ember 24, 1982. 

To examine carcinogenicity, besides reviewing the data in the 

criteria documents and other literature sources, the applica~t 15 

urged to S';e if the nonconventional pollutant is on EPA's Carcinogen 

. Assessment Group (CAG) list of potential and known carcinogens. 

Call CAG at 1202) 382-7343 to determine which poll~tants are on the 

list and which ones have been added or deleted. If 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 

30l(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 Cat 45 FR 79347). This methodology, however, is very 

detailed and costly. It is a matter of discretion on the applicant's 
AR-31 
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part whether to use this methodology. If the methodology is 

used, there is greater assurance that an adequate assessment.of 

p·otential 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 iBCF; of the pollutant. 

A biocqncentration factor relates the concentration of a chemical 

in water to the concentration in .aquatic organisms. Since accumulation 

of pollutants is generally assumed to be potentially hazardous 

it 1s desirable that a mater-ial show a low BCF'. According to 

Stern and Wa 1 ker, 1978, a BCF of a 100 may not indicate a substance 

is hazardous if clearance of the pollutant is rapidr but a BCF 

above 100 and certa.i.nly above 1000 indicates a great potential 

for danger. Accordingly, EPA recommends that if a nonconventional 

pollutant has a B~F 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 bioconc~ntration 

factor. In addition, if no measured value of BCF is available, 

BCF may be estimated from the octanol-water partition coefficient, 

K0 w by use of the following regression equation (Veith et al., 

1980): Log BCF = (0. 76 Log K0w) - 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. 

III. EPA Water Quality Criteria 

AR-31 
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A. _f2~~st~~~PA _!Ja~~.E _Q.t:~E ~L~ri 1:.~r ia -~~t_: -~C!.~C:.C!.!:~~~~~~~~ ~ _ 

Pollutants 

EPA recommends an applicant review the following sources to 

determine which water quality criteria to apply in a section 

301(gl variance assessment: 

1. The most recently published ambient water quali~y 

criterion document (or ~~~~t_:~~ .~~~~~~~~ notice) 

1 for the nonconventional pollutant; 

2. The Red Book, Qualitv Criteria for Water, 
------~------------------· 

1976, if no criterion document exists published 

since 1976. 

3. A ~ulti-Media Document (If no c~iterion document 

or Red Book number exists for the nonconventional 

pollutant) 

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

quality information. 

~~~ -~~ ~~r:__Ql!'!~~.~L~q~l!_~~':!':.~ 

An EPA water quality criterion document is a publication 

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 
AR-31 
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at 49 FR 4551, Feb. 7, 1984. See Appendix B.) These clocuments 

will present the aquatic life criteria as 3 different numerical 

criteria: 

a. a 30 day average 
b. a maximum concentration 
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 propecties pf a pollutant i~ 

ingestion of contaminated organisms alone occurs, Each human health 

criterion number also incorporates data on mutagenicity, carcino-

genicity and teratogenicity. 

Red .Book Criteria 

When there are no recently published water quality criteria, 

E?rt recommends the applicant review the Red Book for applicable 

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

criterion number Ear the nonconventional pollutant, the applicant 

should use the most stringent number. 

Multi=Media Documents 

If an ~pplicable St&te water quality standard 

quality crit€ricn {including a Red Book criterion.) has not been 

developed for a nonconventional pollutantt the applicant 

requesting a variance should generate a numb~r or examine EPA's 

Multi-Media Documents for pertinent aquatic life and human health 

data .. Multi-Media Documents address the aquatic life and human 

health toxicity of nonconventional pollutants in different envi~on-

AR-31 
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mental media - a1r, water, soil. These documents will not include 

EPA recommended criteria numbers or safe exposure levels but 

will provide a great deal of scientific data whic~ may be helpful 

in making a section 30l{g} variance determinationQ These nocuments 

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

effect levels for the following nonconventional pollutants: 

1. Acetone 
2. Dibenzofurans 
3. Methoxychlor 
4. Chlbrophenoxy herbicides 
5. Malathion 
6. Parathion 
7. Mirex 
8. Kepone 
9. I ron 

10. Barium 

EPA encourages section 30l(g) applicants to refer to these 

documents and use <iata 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 rlocuments 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. 

Determinations 

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. tf 

the PMEL will not result in poorer water quality than that des-

cribed by the State water quality standards, or water quality 

AR-31 
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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 30l(g) provided all other statutory 

requirements are met. 

When there are no existing water quality standards or water 

quality criteria available for the nonconventional pollutant. it 

.is 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 (or Deriving Water Quality Criteria for the Protec-

tion of Aquatic Life and Its Use, Noy. 1980), unless the Office 

of Water Regulations and Standartis (OWRS) approves another. rr:t:thocl. 

(A su:-nmary of EPA's criterion derivation methodology is proviOed 

in Appendix B.) EPA has made revisions to the Nov. 1980 :nethodology. 

These can be found at 49 FR 4551 {See Appendix t>l 
~ .. 

In any case where ari 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 
1
before 

AR-31 
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aiJproving the substituted selection. It should be nott>d th.at 

the a~plicant must protect against human health effects. 

IV. Special Considerations 

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

EPA recommends that section 30l(g) applicants seeking a 

variance from a pollutant parameter such as COD. TpC, TKN or 

total phenols, use one ot t~ procedures: 

o EPA's criterion derivation methodology; or 

o BPnch scale trPatments. 

1. Criterion Derivation Methodolo·gy for Aquatic Life 

To determine .whether a pollutant varameter may qual1ty for a 

section 301(;)) variance using the EPA criterion derivation met~0d­

ology, the a~pl1cant must follow the acute and chronic toxiclty 

tests rec;uirem.onts i'rescril'ed in the EPA methodology and cn~:Juc; 

the tests with whole eftluent. For example, if an applicant is 

deriving a criterion number for a nonconventional pollutant para­

meter such as chemical oxygen demand (CODi , acute and chronic 

toxicity tests must be run on the whole effluent of which COD 1s 

a component. ihe 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 effluen~ - a diluted 

fraction of the 100% whole effluent. For example, if acute bio= 

assays a.re conducted, the \irilole effluent should be assayed and 

the percentage of the wh?le effluent which caused 50% mort~lity 

(LC50} should be identified. After conducting several acute 

and chronic bioassays, the resulting criterion number might be, 

for example, 20% of the whole effluent. The appl ic.ant would 
AR-31 
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have to prove that there is sufficient dilution within the mixing 

zone. to meet the 20'1; whole effluent concentration at the mix1ng 

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 

ot t·he mixing zone. (See figures III and IV.) See Appendix B, 

esvecially sections IV - VII. Where the EPA crit.eri"on derivation 

methodology calls for bioassay results such as LC50 or ECSO 

values, the a~plicant should usP the percent effluent which 

res~ltej in the LC50 or £C50 when deriving final acute/chronic 

val~es. 

Because toxic and conventional pollutants are ineligible 

for a_ variance, the section 30l(g) regulation requires an applic~nt 

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 taxies is-recommendea. If taxies are present, 

1 they must be controllea by BAT or dischargea at levels equivalent 

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 1980AR-31 
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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 to day. Accordingly, the applicant 

must assess the variability of its COD or other pollutant parameters 

so that the section 3ni(gl v~riance request is based on COD 

representative of applicant's effluent. The applicant should 

list the pollutants that are in detectable quantities com;:>risin-;; 

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

expected varianiLity 0~ these components. 

2. Bench Scale Treatment Technologies 

Bench scale Treatment Technologies {Appendix C) are small 

(i.e., "bench'') scale treatment strategies designed to simulate 

an ef:luent where only one pollutant or pollutant fraction is 

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 JOl(g) 

factors are met, then the effect of the pollutant parameter at the AR-3 1 
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edge of the mixing zone and downstream can be disregarded and 

the section 30l(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 tryat 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 is 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. 

Huma.n health impact of the pollutant·parameter must also be 

addressed by the applicant. If bench scale treatment procedures 

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 AR-31 
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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 pollutant 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 Dete'rmination 

In most cases, the impact of a PMEL will be jud~ed at the 

edge of th0 State mixing zone. IE the State's mixing zone provi­

sion is ~ot 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. If the State 

forbids use of a ~ixing zone boundary as part of its wafer 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 quality and the fate of pollutant discharges 

after initial mixin~. For example, in Pennsylvania wasteload 

AR-31 
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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 purposes of section 30l(g) determinations, State water quality 

standard programs which rely upon predictive models and wasteload 

allocatidns in place of mixing zones ihould apply their models 

to the 30l(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 an~ reduced dissolved oxygen content. 

If the state has no mixin~ 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 ouality 

Standards Handbook, November 19B3. 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 section 30l(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 

AR-31 
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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 30l(g) waiver will result in 

cornpl lance with water quality standards and will not impact other 

point and nonpoint source discharges, predictive water quality 

modeling should be perforrne0 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: ( l ) the 

pollutant of interest exerts its maximum effect immediately after 

discharge and 12) 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 mo.dels are, therefore, required whenever: ll 

a pollutant ex~rts 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 app'ropriate, the JOl(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 

AR-31 
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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 

first.must gain approval from the EPA Regional Administrator and 

State permitting authority. In any case, the applicant should 

provide a diagram showing 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 30l(g) waiver 

applicant is encouraged to use an EPA-approved farfield model. If 

phytoplankton effects on dissolved,oxygen are significant in a 

receiving. water and a 30l(g) waiver would result in increased 

ammonia and phosphorus discharges, it is recommended that these 

pollutants be predicted with one of the following fate and transport 

models: 

Model 

Qual II 
Receiv II 
WASP 
CLEAN 
LAKE CO 
WQRRS 
DEM 
MIT-DNM 
EXPLORE-I 

Receiving Water Application 

. rivers 
rivers and eStuaries 
rivers, estuaries, lakes 
lakes 
lakes 

estuaries 
estuar-ies 
estuaries 

.AR-31 
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If a 30l(gl 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 Rece iv i n11 Water AEElication 

EXAMS, MEXA:-15 rivers, estuaries, lakes 
TOXIWASP rivers, estuaries, lakes 
CTAP rivers, estuaries, lakes 
WASTOX rivers, estuaries, lakes 
SERATRA I;"ivers 
MICHRIV rivers 
HSPF rivers 
PETRA rivers and es-tuaries 
SLSA rivers and lakes 

These models are described in the guidance documents listed 

in Appendix H. For further information, contact the wasteload 

Allocation Sec~ion of the Office o~ water Regulations and stan-

iards at (2021 382-7056. 

c. syner11istic Pro12ensities 

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 

301Cg), EPA recommends a broad assessment under the heading of 

Synergistic Propensities. In addressing synergism, an applicant 
AR-31 
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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 no.nconventional pollutants alone. 

To address this aspect a section 30l(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 

~ith 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 techniques, 

when>. applicable, to determine whether synergism is occurring in 

an·applicant's effluent. These techniques could include conducting 

acute and chron.ic 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) In 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 AR-31 
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could 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 cbmbination of pollutants may_be 

total phenols and chlorine. If the nonconventional portion of 

total phenols combines with chlorine, the result may be hi~~ly 

toxic chlorinated phenols. 

EPA strongly urges applicants to describe their plan to deter­

mine whether synergism is occurring in their effluent during the 

early consultation. 

D. Persistency 

The section 30l(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 AR-31 
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prepared a draft document which outlines different methods for 

,assessing the fate of a pollutant. The document entitled "Chemical 

•ate 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. 

E. Indicator Pollutants 

An applicant can receive consideration for a section 30l(g) 

variance only under very specific conditions. 40 c•R l25.3(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 30l(g) variance. 

However, a nonconventional pollutant may be considered for a 

section 30l(g} variance if its role as an indicator can be elimi­

nated. To do so, either: Ill 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. Total Phenols 

In keeping with the NPDES Litigation settlement of June 7, AR-31 
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1982, EPA recognizes that total phenols may be considered for 

section 30l(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 

l2S.54(e)(2) of the section 30l(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 30l(g) applicants strive 

toward a high degree of consistency in their approaches. The 

applitant should establish critical design conditions during 

early consultations with State and EPA officials. In 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. 

AR-31 
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rn the ~bsence of EPA guidance on lake and e~tuary 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 stre~ms 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 30l(h) waivers. The 30l(h) program 

requires that the zone of initial dilution be determined for 

periods of critical minimu~ 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 30l{g) Checklist 

EPA has providad prospectiVe section 30l(g) applicants and 

Ste;t,e and Regional Officials with. a ch.~ckl ist of fac.tors EPA 

recommends the applicant and all reviewers (State, Regional 

officials} address. when preparing or reviewing a section 30l(g) 

complete_d request.. This checklist (Appendix G) spans several 

areas that might affect the granting or denial of a variance: 

All of these subjects do not have to be addressed with an extra­

ordiria~y amount of supporting data~ but the more comPletely and 

AR-31 
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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 COC1pletecl request. 
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APPE:-;D:X A 

POLLUTANT CHECK 

l. Pollutants listee under section 304(a)(4) 

A. ronventional pollut~nt~ (Not eligible for a 30:{gl variance: 

The fo:lor,.,·ing c_.:r.p!"ise the list of conventional pollutants 

des1g~a~ed a~40 .CFR~o:.~6 p~rs~a~t to section 304(a)(4) of the~=~-

1. Bioche:r.icc2. oxy;e:--. Cemand (.BOD) 

2. ':-:.':.e-3.. sus?e~je-:_ scliCs (':'SS} (nonfilterable) 

3. 

C:.:. a:-.:: ~ r- ea.se 

; 44 F!-o; 3:=~ 1979) 

AR-31 
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9. Toxic Pollutants (~o::. eligible for a 30l(g) varia:1ce) 

The follo..-ing compr 1se tne 
designated pursuant to section 
AcL 

list of toxic pollutants 
307(a) (1) of the Clean Water 

1. Acenaphthene 
2. Acrolein 
3. Acrylonitrile 
4. Aldrin/Dieldrin * 
5. Antimony and compounds 
6. Arsenic and compounds 
'·Asbestos 

8 •. Benzene 
9. Benzidine 
10. Beryllium and compounds 
ll. CaC:rnc:i'" a:1:: COIT.pcuncs 
: 2. 
:. 3 • 
' . -'. 

l E. 
l-:- • 
1 c -~ . 

22. 
4 3. 
2~. 

2 5. 
26. 
27. 
26. 
29. 
3C. 
3l. 
3 2. 
33. 
34. 
35. 
36. 
37. 

38. 

* 

Ca~bon te~ra~hloride 
cr.:.orCane {technical rr.ixture anC meta!:2lites) 
C~lcr1:1aced benzenes (otner than Clchlorobenzenes) 
c:-~ori:;:a~ec et.hanes ( i:~clujin; 1 ,2-dichloroetha:.eJ 
:.. ,!. ,:--:rict-.:oroet.hane, an~ hexachloroethane) 
Cnrloa:>:i·~ ethers (cc;loroethyl a,-,::: m::.xec ethers) 
c~:or1na:ed naptt~al~ne 
cr.:.. or:. nate~ ;;he~o:s {ot:-le!" t!-.a:-; t!icse )..iste--j e:se· ... ·:-.e~e; 
.;:,.,.... ... '...;; ~ +-r. _._ ........... -~i-"'-""'..... ,..... ,.... ... ~ ........... ,· a•ec· ~1 ) ............ _u_.e:::: --~ l ...... , ............ ....,t" •• ,.;- .......... s a!l ........... ..._,_,~ ... n .... cres ..... s 
cr.: ::>ro: or:r. · 
L-::hlc:-opne:1ol 
C:-:r-8::-.:..·....;:7. an::! co::-.~·...::;::!s 

Copper anC co~~o~~ts 
Cyanides 
DO: and ~eta~o:ites 
Dic!-.lo>:c:Cec:zenes (1,2-, 1,3-, and 1,4-dichlorobenzenes) 
Dl c :-;1 or abe nzid e ne 
Dichloroethyle,-,es (1,1-, and 1.2-dichloroethylene) 
2, 4-d ic r.l orophe nol 
Dicr.loropropane and dichloropropene 
2,4-dimetnylphenol 
D1nitrotoluene 
~iphenylhydrazine 
Endosulfan 
Endrin and. metabolites 
Ethyl benzene 
Fluoranthene 
Haloethers (others than those listed elsewhere; 
includes chloro~henylphe,pyl ethers, brornophenyl­
phenyl ether, bis(dichloroisopropyl) ether, bis­
(chloroethoxy) methane and polychlorinated diphenyl 
ethers). 
Halomethanes (other than those listed elsewhere; 
includes methylene chloride, methylchloride, rnethylbromice 
bromoform, dichlorobromornethane) 

The teriT. "compounds·" shall include organic and inorganic 
compounds. AR-31 
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39. Heptachlor and metabolites 
40. Hexachlorobutadiene 
41. Hexachlorocyclohexane 
42. Hexachlorocyclopentadiene 
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) 
SOa Nitrosamines 
51. Pentachlorophenol 
52. Phenol 
53. Phthalate esters 
54. Polycnlorinated biphenyls (PCBs) 
55. Polyaromatic hydrocaroons (inclucing 

benzanthracenes, be~zopyrenes, ~enzo­

fluoranthene, chrysenes, dibenzoanthracenes, 
and indenopyrenes) 

56. Seleniu~ and coo.~o~nds 
s:. Silver and com~ounds 
58. 2,3,7,8-tetrachlorocibenzo-p-aioxin (TCDDI 
59. Tetrachloroethylene 
60. Thallium and compouncs 
61. Toluene 
62. Toxaphene 
63. Trichloroethylene 
64. Vinyl chlor1de 
65. Zinc and compounds 

[44 FR 44502, July 30, 1979, as amended at 46 FR 2266, 
Jan.8, 1981; 46 FR 10724, Feb 4, 1981] 
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C. MAJOR NO~CO~VE~TIONAL POLLUTANTS 

The following nonconventional pollutants are common to a grea~ 
nurn:>er of industrial dischargers and as such are ecpected to be 
limited by ef!:luent guidelines for some industrial subcategories. 

Al'Jminum 

Ammonia 

Barium 

cr.l or: r.e 

fl ucr: :1es 

'!.:::-en 

?es:.ic:.:es (a:l those ccr:sidered ne>:iconventional in the Pest.:c:Ce~ 
G:..:·:e:.i:--:e a:~:: r:ct listed as toxic} 

AR-31 



APP~·;Dix B 

'!'he follo.·:i:>:; ap;:>enci>: co:1tains the two sets o: gc;idelines :or 
de~1vi:1g \.Yater q...ali ty criteria as presented by EPA on Nov"enber 
28, l?Bu in the FeGeral Rysister (45 FR 79341) .. ~he first set. 
of g1.;1dellnes (Ap?'ndlx B is 1nterdea for den VJ.ng water quall ty 
criteria "'hich protect aquatic life and its uses. The secorrl set 
of gc;idehnes (Apperrlix C) on page 79347 is interded for rmking 
human health assessments atout a particular pollutant. Bot.'l sets 
of guidelines offer r.ethcdolcigies for deriving water quality criteria. 
These gc;idelines s~ou:d be applied in a 301 (g) assesSI:'ent if there 
are no existing EP.; ·,:ater quality criteria or State water quality 
standards for the nonconventional pollutant in question. 

Appeodix S--Guldellneo for Dorivio& 
Water QuaUty Ctiterl~ ror Lhe Ptotectioa 
or AquaUc ur. lnd Ill UIH 

bltroduclion 

Thb vertion -of the CuJdelineJ 
provideo dar!l!catiolll. additional 
details. 1nd ttchnicaland edilorial 
cha,u Ill the Jut von! on publlobed in 
the Fodera! R.Jioter [44 fR 15970 (March 
15, l97Q)J. Thll venlon lllcorporatu 
cbansu reaulJina from comme:ntl on 
previoua veniona and from experience 
&lined durin& u.s. EPA·· UIO or the 
previotu vuslona. Future ve-rtfona of the 
Culdellneo w!II!Dcorporote new tdeu 
ond data 11 tholr uaofolneu !a 
d110oratratod. 

Criteria may~ oxpruoed In 1everal 
forma. Tho nwntrlcal form ll co!llmon!y 
uud. but ducriptfvolnd procadural 
forma can bt uaed II D1011erical criteria 
ar. not poulble or dtlitable. The 
purpou of theu Culdei.IDn lo to 
dtlcribe an objectlva.lntemally 
conalotent and appn>priato way or . 
dtriv!na nwnlrical wator quality criteria 
Cor the protection of the uoea ot u well 
II tho pr.IODCO of, aquatic OIJI.Dilm.o. 

A numerical crilu!on JDlaht bt 
tbouaht or .. lD aoiimato or tho biJheot 
concentration of a aubst.anca 1D wator 
which doa1 not p~la olplllcant risk 
to tho aquatlc oraanltmaiD the water 
and their UIIJ. n ... tho Cuide!intl arl 
IDtended to darivo alteria which will 
prot oct aquatic coilunon!tiaa by 
protectJns moll of the opecieo ~nd their 
UIOI moot Of tho time, but DO! . 
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neceosarily all of the sped•• all of the 
time. Aquatic communltiet can tolerate 
aome atreu IUld occa1ionaJ advene 
ofrecll on a few opecie .. &Dd 110 total 
protection of .U of the opecies all of the 
time It not neceuary .. Rather, the 
Cuidellnu attempt to provide a 
reasonable and adequate amount of 
protection with only a omaU ponibility 
of conoiderable overprotection or 
underprot..:tlon. Within these 
constraint.. U aeem1 appropriate to err 
on the side of overprotection. 

The numerical aquatic life criteria 
derived usinS the Guideline• are 
expressed 11 two nu.mben. rather than 
the traditional one number, to that the 
criteria can I;JlOt"e l~teiy re0ect 
toxlcolosical and practical realltieo. The 
combination of both a maximum value 
and .i 24-hour averaae value i1 de1igned 
to provide adequate protection of 
aquatic life and ita u..ea from acute and 
chronic toxlcity to animals. toxicity to 
planta and bioconcentratlon by aquatic 
OI'Janiama without being 11 restrictive 
11 a one·number criterion would have lo 
be to provide the ume amout of 
protection. The only way to auure the 
aame de-gree of pro.tectJon with a one­
DlliD.ber criterion would be to uae the 24-
bow average •• a concentration that il 
not to be exceeded at any time tn any 
plac<~:. 

The lwt>-numbei Cliterion lo intended 
to identify an 1verage pollutant 
concentration which will produce a 
water qualtiy sener.Uy ouited to tbe 
maiiltenance of aquatic llfe and ill uae1 
while restriCtin& the extent and duration 
ol excuniona; over the averqe 10 that 
tbo tollloxpoaurw will not cauoe 
11D&ccoptablo advane afrecta. Merely 
opeclfyi.na 111 avaraaa value nvor a timo 
period lo lnlufl!cient. unleu tbo period 
of lime Ia rather abort, bacause of 
cancahtration hi&her thm the averaae 
valve can kill or cauH tubatantial 
damqe in abort periodl. Furthermore. 
lot- aubatance1 tb effac:t of 
lnt..mlttont hiab txpOOW"WIIa 
cwaulatlvo. It Ia therefore DaCeaiary to 
placo an upper llmlt 011 pollutant 
concenlniUoDI to which aqutlc 
oraanlama mJaht be expoNd. .. pec~auy 
whan tho maxlmWD walua Ia not much 
hlaher than the avarap valua. For 110mo 
oub.tancea tho maxlznum may be oo 
much hiabar then tlio M-bOIII' avarqe 
that In fi!Y l'tal·warld altuatlon tbe 
maxltnum will nevar be raachad II tha 
~ narap Ia aclalovad.ln aach 
.... tb :U.bour ....... will be 
llml!ID& and tha mtxf- wiD hava no 
practical olplllcance. excoptto lndicata 
that olevatad concentratlonean 
acceptabla u lona u tb :U.bour 
averaae •• achieved. 

· Theoe Guidelineo bo ve been 
developed on tho a11umption the! the 
results of laboratory teato are senerally 
uaeful for predlctina wbot will happen In 
field oituaticna. The resultina criterit are 
meant to opply to moot bodieo of water 
in the United Stateo, except for the 
Great Salt Lake. All aquatic orsaniams 
and their common use• &A" meant to be 
considered. but nol neceua.rily 
protected, II relevant data arw available, 
with at leut one 1pecific exception. Tbia 
exception 11 the accumulation of 
residue• of orsanJc compound• In the 
tiscowet aubspede1 of lake trout which 
occunin Lake Superior and contains up 
to 6~ fat ln tho ftlle!t (1'hun.ton. C.E, 
1002. Physical Charactariotico and 
Chemical Compooitlon ·or Two 
Subspecies of l,ako TrouL J. Fish. Reo. 
Bd. Canada lg:311-M). Neither siscowet 
nor organi1m1 in the Creal Salt Lale are 
intentionally protected by these 
Guidelines becaute both may be too 
atypical. 

With appropriate modificationo these 
CWdelinea can be u•ed to derive criteria 
for any 1pecified 800IP'aprucal area. 
body of water (such u the Great S.lt 
Lake), or lfOUP of almilar bodiea of 
water. Thua with appropriate 
modification• the Guidelines can be 
wed toderive national. atate. or local 
criteria if adequate information is 
available concernln.<l the effectt of the 
1ubatance of concern on appropriate 
apeciea a:nd their uset. Howe.,·er. the 
basic concepti described in the 
Guideline• ahould be modiliod only 
wbeo 1ound acientific •vidence 
indica tel thai a aiterio'n produced using 
tho Guidelinoa would probably 
elgnificant1y overprotect or underprolect 
the preaence or UMI of aquatic life. 

Criteria prodoced by these Guideline• 
an not en!on:eoble numben. They may 
be uaed in devolopinS en!orcoa ble · 
numben, 1uch u water quality 
olandarda and allluant otandard•. 
Howavar, tho dovelopment of atandarda 
may !alto Into aa:Duntoddltional factono 
such •~aociaL lqal oconamic. and 
bydrolos!cal consldtratloDI. tho 
environmental and analytical chemistry 
n! the ou&.tanca. lha extrapolation from 
laboratory data tol!ald situatione, and 
lila ralatlonehip botwnn tho opocfos for 
which data an avallablo and tho 
tpoclea which an to bo protactod. 

Becauaa fnoah wotar and aah water 
(lncludinJ both aatuarlne and marino 
woten) have baoicall:y dlffannl 
chemical compoaltloDI and bacaUN 
freabwatar and sallwatar opocfoa rarely 
lnbablt lhe aamo walar almultanaouoly, 
aeparata crileria should ba dorivod for 
thuotwo kinds of watoro. HoW9Vor, for 
lOme IUbstanceJ auffident data mAY not 

be available to aUow derivation or one 
· or both of these criteria u1ing th!! 

Gu.idelinn. 
These Guidelines are meant to be 

und after a decision il made thai a 
aiterlon fe ne-eded for a aub1tance. The 
Cu.idelinea do not addreaa the rationale 
for m.a.JUna thai decition. U the potent1al 
for advene effectJ on lql.latic life and 
Hs uaet are part of the bas it for decid1ng 
whether or nola criterion is needed for 
• rub1tance. thet! Cuidelinet roa~· be 
helpful In the collection ond 
Interpretation or relevant data. 

I. D•fin• th• Sub!tanc• for Which t.\~ 
Cri~n·on Is To 811 Derio.·ed 

A. EAch separate chemical which 
would not ionize significantly in moSI 
oatural bodiea of water thould usua!iv 
be coruidered a.aepa.rale 1ubstance. · 
except pouibly for atructutally ai.miLi~ 
orga.n.ic compounda that onJ~, differ i01 
the number and location of atoms of a 
specific halogen. and onl;· exist in.la.rgE. 
quantities 11 CDIIllilercial mixtures o! L":e 
variout compound•. and appare-ntly 
have olmilar chemical. biological, and 
toxkoloJical propertie1. 

B. For cl:!emicalt, which would Ionize 
aignificantly in moat natural bodies of 
water. auch 11 inoraa.ruc aaltJ. organic 
acido and pb .. nolo. all !orm1 that would 
be in chemical equilibrium should 
uauaUy be coruidered one 1ubstance 
For metal1, each different valence and 
each different covRlently· bonded 
OfB&nDmetallic compound should 
u1ually be contidered a 1eparate 
aubstance. 

C. The definition of the Jubstance rna}" 
also need to take into account the 

. analytic.a.l chemistry and fate or the 
Jubilance. 

Il Collf!Ct anrJ R•view A vai/ab/e Data 

A. Collect aU available data oo the 
oubatance concermn, (l) tolliclty to, and 
bioaccumulation by, aquatic animals 
and plan!t, (2) FDA action levels, and 
(3) chronlc fHdJnc atudles with wildlife. 

B. Dlocard all data that are net 
available In bard copy [publication. 
manuacript. Iotter, memorandum. etc.) 
with anouch ouppol'!lq lnforma tion to 
indlcah! that acceptable tall procedures 
ware uaed and that tho raoul 11 are 
nUabiL Do notuoumt that all 
publlobod data ara acceptable. 

C. Dlocard quutionablt data. For 
axamplo, d1acard date from teo to for 
which no control traatmant axil ted. In 
which too many oraallitmt In tht control 
traa-t dlod or abowad olpa of streu 
or diNa ... or In which dlotiUed or 
datoahad wotar wu uood ao the 
diJuUaa water far aquaUc Oflaniams. 
Dlacard data 011 formulated mixtures 
and tmulotflablo concan !rates of the 
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iubs.tanec Df eoncem. hui noi 
necesurily data on technical grade 
ma1eriaL · 

D. Do not use data obtB.ined uai.ng= 
1. Brine ahrimp. becaute they usually 

only occur naturaii:; in wa.ier with 
salinH}• greater than 35 g/'q. 

2. Speciu th•t do not have 
~eproducing ':"ild populations realdeot 
in-but nOt neceuarily nat.ln to-t..;orth 
America. Resident r.;'orth American 
species of fishes are defined u those 
HBt~d !n "A Li!;t of COmmon !nd 
ScientifiC Names or Fishes from the 
United States and Canada"', 3rd ed.: 
Specie) Publication No.6, American 
fisheries Society. \Vashington. D.C., 
1970. D.::;ta obtair.:d with ncnQru:der:t 
species can be uied to indica!e 
relationships and possible problem 
areas. but cannot be used in the 
deriva"tion of ci-iteria. 

3. Organisms L'lat were pre\'iously 
expo.!lt!d to sign.Hicant concentrallons of 
the 'test material or oLi.er pollutants. 

Ill. A!usimum Data Base 
A. A ;nL.;irnum amou..'"lt of data ahould 

be available lo help ensure that each of 
I he four major kinds of pos!lible ad\'erse 
effects receives. so;r.e cOnsideration. 
Results of act.ile and chronic lox.icity 
iests wii:h a reasonable nu.n'lbef and 
"\.'anety of aquatic animals are necessar; 
so that dallJ evailable for tested $pecies 
can be comidered a useful indJcat.ion of 
the sensiuvitiu of the numerous 
untested species. Tile requ.iuremenlt 
concerning toxicity to aquatic plant. are 
less, stringent bec:u:e proc~du.I":'~ for 
conducting tesu with plants are not as 
well developed and the lnterpretation of 
the results i' more questionable. Data 
C"oncemir:g bioconcentration by aqua lie 
organisms. wn only be u;ed if other 
rel~"·ant data are available. 

B. To derive • criterion for fte•hw1ter 
aqUatic life. the following 1hould be 
avail•ble: 

i. Acuie tt•is (iee Seetloo IV} wii.h 
freshwater animals in at le"t aiaht 
different familiu provided that o{ the· 
eigh! 1pe.cies: 
-at least one ia a 11lmoald flab. 
-.tt ieut one is a non-aaimonid fiah 
-at least one il ~planktonic cruatacean 
-at lent one ia e benthic. crol!tac.ean 
-at lent onr is a benthic insect 
-at leatt onr of the benthic apede111 • 

detritivore 
2.. Acute-chronic raUoJ (aee Section 

VI} for tt !eut ~-ree t.peclet af e<pz~tic 
o::tnimals provided. that of the lhree 
speciu: · 
-It leut one IJ a iiab 
-at leut one: ·il an invertebrate 
_,.a;! l::::t one is= fre:hw:t::r :p=:ciu 

(the other two may· he nltwater 
lpeciu) 

3, Ai ltiiit one iesi v.·ii.h IJ fresh...,.·ater 
alga or a chronic tesl with_. freshwater 
vascular plant (ne Section VIIIl. lf 
planf1 v-e ainon.g the aquatic or8anisml 
that are mo.!lt aen1iti"\'e tq the tub! lance. 
te1tl with more than one species ahould 
be avail!ible. 

.f. At luu one ~cc~ptahle 
bioconcentration factor determined with 
an aquatic anJmal tpeciee, if 1 maximum 
p~nniuibie tiuue concentration i! 
available (1ee Section IX). 

C. To d!rlv!!! cri!e"rion !or !el!we!~r 
aquatic life. the following ~hould be 
available: 

1. Acute te.t:s (see Section IV) \"oith 
uh_water 1ninials in It lu.!lt eight 
dJffer~nt !.:mi!iu provid~d t.h.gt of th2 
eight •pedes: 
-at leut tn·o different fisb !amili e5 are 

iricJuded 
-at least fh·e different invertebrate 

!am1lie! are induded 
~Hhec the Myaidae or Penaeidae 

family or both are included 
-at ieast one of thl!' invertebrate 

families is in a phylum other than 
.A.r!hropoda 
2. Acule-c.hronic ratios [.!lee Section 

Vl) for at least three speciu of aquatic 
ammals provided that of the three 
species: 
-at !ea!! one !~ a fish 
-at least one is an intJertebr8te 
-at least one i~ e taltwater apecie1 (the 

other two may be freshw•ter species)" 
3. At leul one te.!lt with a aaltwater 

:!g~ cr: ch.:·onic t2:t with= ::!tw=t~r 
vucular plant {tee Section VUJ). If 
plants ar-e among the aquatic orgarusmt 
most sen.!liti..-e to the aubstance, ·test• 
with more than one specie• 1bould be 
iViiilable. 

4. At lust one acceptable 
bioconcentration !actor.detennined with 
1n aquatic animal specie~. if• maximum 
penn.iuible tiuue concentrarion i• 
·~·ilable ieee Section oq. 

D. U aU u., 11!quiremenlo of !he 
minimua;a d1la bue ue met 1. cri~rion 
can usu•lly be derived. ex~pt.in sptciJ) 
tl.leJ. For example. a crflerion miaht not 
bt' pouibie I! the acute-chronic ratios 
vary pa~y wjth no apparent paueTn. 
• .&,.!:so.l!.e citerlon ia to b:.tela.ttd to;. 
wa!er quaHty characteristic. {ne 
S.cliono V and Vll). mort dala will be 
neces .. ry. 

Similarly. I! !he uiliiJmum ca1a 
requireme-nii ifE.noi iiitiiflid. .jifiifi.lly 
a crituiQn thould not be: derived. excapt 
in .spe:d•J Cltt.l. On!!! •uch lptcill ~le 
would b. when le.n than the minimum 
amount of a~te at;~d;"chronic data are 
anilabie, but. the a.vaii~bie data clearly 
indic1te that the Final Residue Value 
would be =ub:t«nt!.eHY !ower t.~ton eithe-r 
the Final Chronic VIJ!Je or the Final 
Plan.t Value. · 

lV. final Aeuie Value 

A. Appropriate meuures of the a cut~ 
(ihort-term} toxicity of i.hr •ubtianee to 
\"trious tpe-ciu of aquatic animals are 
used to calcuJate the Final Acute Value. 
II acute. value• an 1Uilable for fewer 
than twenty spec.ies, the Final Acute 
Vaiue prob1bly should be lower ihan 
the lowe•t value. On the other hand. ir 
1cu1e va1un lte t.V.til~tb!!!: for mnre tt.an 
twenty·•peciea, the final Acute Value 
probably ahould bo highor than tho 
iow~sl Yliut, unlesalhe most atn!:li\"~ 
tpeciel i• an important one. Ah.hou,£!-1 
L~e procedure :!~ed to c..: leu!& I~!...,~ fl.f:<;l 
Acute v.lue bu IOttlt limitahons. it 
apparently i1 the best of the procec!u.res 
cUITently A \'lila ble. 

B. Acute- toxicity tu1.s ahou\d be 
conducted u;l.n.g procedures sud: as 
tho~e described tn: 

ASTM.Sta.ndard E 7UH!,O. Prach:e for 
Coilductlns Acute To,Ucity Tul! Yt1th 
Fishes. Macroinvertebrattl, and 
Ampl-dbii.Iii, AmeneiiD sbcict"y for 
Tea ling and Mattri1l1. 1916 Race Street, 
Philadolphia.,PA 19103 . 

A.STM Standard E 724-80. Practice for 
Conductins St.atic Acute Toxicity Te~ls 
wlih i..an.·ae Of Four Species oi Bl\"ah ~ 
~ollusct, American Society for Tesll.ng 
•nd. M!!teri&.l!-, 191.6 R"'-G~ Str!!!el 
PMJadolphia, PA 19103. 

C." Reault1 of acute test !I in which food 
was added to the tetl toh:tions shou:d 
not be us!d, bec!luae thil may 
unn:-c=:;:;:rily :f!~ct tf.e t2:ult;: of t.l;;l! 
ttl!. 

D. ResuJtJ of acute leila conducted 
wHh embryo• thould not be used {but 
see Section IV.E.2}. beuui ... 1his i• of1en 
ii.fi tnun_iitiv•·li!e iiiige. 

E. Acute values should be bued '"'" 
endpointt and lenaths of exnotu..re­
lppropriate to the life stage· of the 

· 1pedttletted. Therefore. only the 
ioiiowina i:inda oi data on •cute tox.ic-H\' 
to aquatic lllimala ohould be uaod: · 

!. 43-h.r EC$0 v.tlY.!! hued on 
lnuriobiliul!on and 48-hr LC50 valu•• 
for fi.nt-instu (leu lhan 24 houn old} 
daphnid• and -ether cladocerant. and 
1erond- or t.b.ird-inatu midae larvae. 

1. ~ \e ~h: ECSC 'il~\u~:. bu~d en 
incomplete shell development and 48· to 
1111-hr LC50 valu~o for ombryoa and 
larv••. of bam.aclea, bivalve moUusa 
[dama. mu11ala. oyoloro, aod oullopa), 
H• ~liu. lobli,n, en bi, •hnmpa.. 
andabaloaea. , 
.. 3, M.hr £C'50 valuit band on 
deC"aiHd-ah~U depo•ition for o)'llera. 

t. 1111-hr EC30 valuoo on 
t~p.;Doii.$~Uon ~r ion of equilibrium Qr 
bOth and SJe.h.r. LC.50 vaJue-t !or •qua lie 
=ni:n.:l=. ::::ccpt !cr cl:dccer:nJ. midgu, 
and anim.al1 whose behavior or 
phyaiology •llowt them to noid 
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~ to toxlcantOt for wllomlllo 
aa.l8 •""'- aJfoct or tile _ ....... 
CA!UIOI ~adequately meaow.d. Such 
&uhwaw IIJid aaltwater ll.lllm.ail 
IDdudo a~Hnathfac molhioeo. UDionld 
cl.omA. opon:ulatolllllla.IIJid bivalve 
moll....:a. IWlOJll for oomo apeciu lila I 
caDDOI "c:loM up" ed llna prt!veot 
expooun 10 toxicao~ ouch u lila bey· 
oc;allop (A/Jopocten irmdiat11~ 

F. For lila llll of LC50 or EOO value1 
for d~~t~liona llhotter and lo"'ullw> 
tlJoM Ill led obovo. '"Section X. 

G. U tho ocuto toxlclly of tho 
aubetance to aquatic animala hal bee.a 
llhown to bo raloted too wotu quolity 
ch.onctorlllic 1uch ulwdnou for 
lreohwoter oraanlom.o or aalinlty for 
aaltwoler orpnlomo. o F1nol Acute 
Equtioo ohould be dori•·od ba10d on 
thai water quolity cborocWiltit. Co to 
Section V. 

H. u tho ocute to><idty of the 
tub1ta.nce bu not been adequately 
obown to· be lt!iltod io o worer quolity 
ch.atact.eriJtiC. lor each tpeciea for 
which at least on• acute value ia 
•vailabla. calculate tbe pomefric mean 
ollhe lt!lull.l of ollllow,th:ouah too !.liD 
'which tbe lox1cant concentrations were: 
meawntd. For • apecieafor "·hicb ao 
oucb n:ault II avoilable, ealculoto tho 
aeometric meoo of ollovailoblo ocuto 
•aluoa. Lo. rt!Oulto of llow·thzouab Into 
In whlcb lila toxicant conconlraliooo 
wen nat mu..lured a.od reaulta of ftatic 
end teQ!!w&l Into booed on Initial total 
toxicant concentrations. 

Hoea.-11ae pom.tric !ZleaA of N ~Sumben 
Ia obtoiDed by taJcJaa !lie N'" rvot of d>o 
producl of H c\lalbe-rt. Al~.trn.~.Uvllly, the 
pomrtric mtu caa be calculated by •d.di.na 
d>o lopritbma of tho N QW!lbon. diviclina the 
...., br N. aod t.aJdot d>o ulilos ollhe · 
quotfea.l 1"be lf'CIC'trl~ mtaa. or two numben 
can alto be cU::ul•ted •• the tqUn root ol 
the product of !be twa aw:aben. 'I1la 
eeom•trfc 1ZM'U of 0118 awnbet !8 tUt 
Jlumbtlr. t:J~ Uhlra.J (baM e) ot COCIIDOG 
(baH IOJ loprlmma can be aod to r:olculolo 
aeom.tric IDI'mt •• lona u tb., .,. .......::~ 
cn=·'··-tJy wtdUa Nell Mt old.C.. La. tH 
ulilos uad..,... aalclo tboo lopritUo IUIId. 

L Count tho nambor•N ol opedoo for 
which I opedoo tD1111 ICIIII niua II 
avollablo. 

J. Order the opodoo moa.a acute 
Yaluot tt- low to bJah. Taka the 
CDIIUDOD l.oprilhml oltlle N yaJuoo llot 
moan nluoo}. 

IC. tbe lntorYalo (coD width.) for lila 
lower cumnloU... pn;portloa 
eala!lalioDI are 0.11 COIIIID01l lot 11111 .. 
apan. •tartirllfrollllhal- lot •oluo. 
tbo Yaluo of 0.1111 an nllmato of 
ovorajp pndalaaiiJid wlo calculated 
from replicate tped11 acute YaJaa. 

1.. Startirll wtth tho lowoot lot me., 
valuo. oeparole theN nlueo Into 

IDtorvalo (or colla) calculoted fn Step IV. 
IC. 

M. c.Jculato cumulatlvo proportions 
for ooch noo .. mpty Interval broi!IDDilai 
tho number of valuoo In tho praoent IIJid 
olllowtrlntorvolo aod dlY!dfDa by N. 
n ••• calculatioll.l only ooed to be don• 
for tho lint three non...,mpty interva!t 
(orcelll). 

N. Colcuille tho arithmetic mean of 
!helot mean valueo 10. ooch of the three 
lnlervlft. 

0. Uo!ntlhe two Interval mean acute 
valuea and cumulative proportions 
clo1ett to O.OS,llnearly e."ttrapolate or 
lnlerpolate lo the o.osloa: c:oncentr•tlon. 
tbe Final Acuto Valuelo the ontil"'t of 
tbe 0.05 eoncentrat:fon. 

In other wordt, where 
Prop(!) and cone( I) an: the cumula tivo 

proportion and meu lot value for the 
lowest con-empty lnlerva.l. 

Prop(Z) and COilc{2] an the cumulative 
proportioa and mean lo11 value for the 
iecond lowe1t non-empty interval 

A• Slope of the cumulative proporliooo 
B•The O.OSlOJ value 
tben: 
A • [0.05- Prop(IJ]/[Pn>p(ZJ- Prop( I)) 
B•conc(t)+A (conc(2)-co~l)] 
Final Acute Value •to" 

P. U form Important opodea. oucb 11 
1 recreationally or commercially 
important apedea, the aeometrlc mean 
of the acute volueo from llow-th:ouah 
tettt In which the toxicant 
concentration.J- were meuured i1 lower 
lhao tho Flnol Acute Value. !hen !hot 
&eomrtric mean ahouJd be used u the 
f"Ulal Acute Value. 

Q. Go to Section VI. 

V. Final Acuu Equation 
A Wbon onouah data aro ovollable to 

obow lhotocuto toxicity to two or mont 
opecleo II o!mllariy dfoc:ted by o water 
quaUty cbuactorlltic. th!o effect can be 
taken Into oc:count •• doocribod below. 
Pooled lt!Jfeloloa ealyolollhould 
produce o!mllar rHult.. altbouah data 
ovaiilble for !ndlvlduo! opodH WOIIId 
~ -IF>tod dJJfa....,tly. 

a for ••ch opadoo for whlch 
comparoblo ·acilte toxicity Yaluoa .,. 
avaiilblt at two or mon dllfart~~t 
Taluoo of a water quaUiy cbaractorlotlc 
whlch applNDdJ a.ll'ocbl toxicity, 
perform a lout oquun ....,...loa of the 
ooturol lotarilhml of tho oculi toXIcl!J 
voluH oa tile na~ lotlarithmo of tbo 
voluoo of tha wotar qaall(J 
clwactorfolic. (NatunLIJoaarilhml 
Potarilhmo to tho boae o. donated u Ill} 
ore ONd hll'tlD monly bocallM thaJ are 
ooofar to,... on oomo bud calculatoro 
and computero than common loprilhml 
Potorilhml to tho ben 10]. Coooftteot 
t101 of tither will produce tbt oame 

rt!sult] No tranafonnotion oro differen I 
transformation may be uted if it fits L":! .. 
dara be-tter. but appropriate cha.r.ges w:;; 
be cecntary thrOugboul thlt section. 

C.lk!ermlne Whether or not each 
acule •lope f.a meaningful, ta.Jtin& into 
account the range and numbi!r or "·ah.:es 
of the water quality characteristic 
tested. For exampJe. a tJope based oc. 
four data pointa may be a! limited \'&h:e 
lf !Ill beaod only on data for a narrow 
ranae of valun of the water qual;ty 
choractoriotic. On the other hor.d • 
•lope baaed on onJy two data po1n:~ 
may be me"ani.ngful ii liLt con·snten: 
with other information and ii the two 
point. cover a broad enough rangE' of 
the water quaUty characteri1tlC. lf 
meaningfultlopea are nor avai)ab1e fo~ 
alleaat two 1pedn or lithe n·ai:ab;e 
tlope-1·uw ao11imilar. return to Sec~:··~ 
IV. H., ualng the retull.l of teetJ 
conducud under conditions and .r. 
water aimilar to thote coau:non!y used 
lor toxicity tettl with the apeoes 

D. Calculate lhe mean acute tlope (Y; 
u the alith.meUc average of all the 
meaninsful acute slopes ror tndividuai 
•pecies. 

E. For each 1pecia. calculate the 
seomebic mean [W) or the ICUte tOXlC:~y 
valuH a.od the seomebic mean (X) o~ 
the related valuet of the water .quab ry 
cbaracterlllic. 

F. For eacb opecl01 calculate the 
IOJarithmic Intercept [YJ using the 
equation: Y-In W- V(ln X). 

G. For tach species c:alcul1te the 
apedes mean 1cute intercept 11 the 
antilog of Y. . 

H. Obtain tho Final Acute Intercept b;· 
1111nt tho procadllt1! duaib•d in Sectior. 

.IV. 1-0, except fnHrl "Intercept" for· 
.. Value'\ · . 

L U lor au Important opedo1. oucb as a 
recre•t:Jonally or COD'Ullercially 
lmportanl•pedn. th~ intercept_ 
calculotod only from reoull.l of flow· 
throuah toato In whlch the to><icanl 
co~Dtratiou wuw meuured it lower 
the tile F1ool AA::ute Intercep~ then that 
Intercept obould be a .. d ao tho Final 
Acute IntorcepL 

J. tbe F1ool Aallo EquaUon i• writ! en 
aaecY....._...,_........,._,.I•IIro D, whtte 
V•moao acuto al~ and Z-Finol 
Acute lnton:apL 

lit Final ChrtJAic Value 
A. T1w Pinal Clronlc Value can be 

calculated ID the Nmo manner u the 
F1ool Acute v.m. or br dlvlclinl the 
Pinal ACIIto Valuor bJ lf.t Final Acul .. 
Clronlc R&Uo. ilopondf!li on tho data 
avaUablo.ID 10ma COHill will not be 
poulble to ealculoto o F'UUII Chroruc 
Value. 

B. Ui<r only tho ,..ult.o of now·lhroush 
(except renewal to acceptable for 
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daphnids} chronic teats in which the 
concentrations of toxicant in the test 
solutions were measured. ' 

C. Do not use the re.s.uha of an~· 
chronic tul in which turvival, growth. 
or reproduction a mona tbe control a waa 
unacceptably low. · 

D. Chronic value• •hould be bued on 
endpoint• and lengths of expO!urt! 
appropriate to the apecies. Therefore, 
only the re1ult1 of the following kind a of 
chronic toxicity tests should be u.sed: 

1. Life·cycle toxicity testa conaisting 
of exposures of each of aeveral groupt 
of indi\'iduab of 111peciet to a different 
concentration of the toxicant throughout 
a life cycle. To ensure that all life stagea 
and lite processes are expo!led. the test 
al-:ould begin with embi"}'05 or newly 
hatched young leu than 48 hours old 
~ess than 24 houra old for daphnids). 
continue through matur-ation and 
reproduction. and with fiJb should end 
not Jess than 24 days (90 days for 
sal:nonids} after the h•tching of the next 
ger:etalion .. For fi!b. da1a should be 
obtained and anal}'z.ed on su.rviul and 
growth of adulhi and young. maturation 
of males and females. embryos apaYI-ned 
per female. embryo viability {salr:r.cn.ids 
only) and hatchability. For daphnids. 
Cata should be obtai."''ed Bnd analyzed 
on J;urvival e.nd young per female. 

2. Partialli.!e-cyde foxicity lest! 
consisting· of expoturea of each of 
aeveral groups of indi\'iduab of a 
species of fish to a d.ifierent 
concentraliol) of the tox.icant through 
most portion a of a life cycle. Pa.rt.ialli!e-

. cycle testa an conducted with fish 
speciu that requite more than a year to 
reach sexual maturity, 10 thai the· lest 
can be completed in less lhan 15 
months. but still expoae all major life 
1tages to the toxicant. Exposure to the 
toxicant begin a with immature juveniles 
at least 2 month• prior to active gonad 
development. continue a throuah 
maturation and reproductiOn. and enda 
not leu than 24 daya (liD daya,for 
aalmonida!afler the hatchina of the next 
seneration. Dat• ahould be obtalned and 
analyzed on aurvival and srow1h of 
adults a.nd you.na:. maturation of malea 
and femalu. embl)'oa apawnad per 
female. embryq v!abilily (aalmonida 
only) end hatchability. 

3. Euly-li!e-alageloxiclty teata 
conalating of :!8- 10 32-dayi (60 dayt 
post-hatch for aalmonidJ) expoaurea of 
the early life aloau .of a apeclea of fiah 
from ohortly after fertilization throuah 
embl)'onlc. larval, and early juvenile 
development Data ahould be obtained 
and analyzed on turvival and JI'Owth. 

E.. Po not_ use the reaulta or an early· 
life-atage teat If reaulta of a lifo-cycle or 
partial lJfe·cycle lui with the 11me 
apeciea are available. 

F. A chronic \'Slue is obtained by 
calculating the seometric mnn of the 
lower and upper chronic Ji.mjtt from a 
chronic tell. A lower chronic limillt the 
highest luted concentration (1} Jn an 
acceptable chronic lest. (2) which did 
not cause the occurrence (which wu 
stati,tically significantl}· different from 
the control at p-0.05) of 1 specified 
adverae effect. and (3) below which no 
tested concentration ca.uaed tuch a.n 
occu.rnnce. An upper chronic limit i!l the 
lowesllested concentration (1} f.n an 
acceptable chronic les.t. (2},which did 
cause the occurrence (which wa1 
-ata.tistically aign.ifica.ntly different from 
the contrOl at p-0.05) of a apeci.fied 
adverte effect and {3) abon lo\'hich all 
tested concentration• caused auch an 
occurrence. 

Note.-Various •utbon ha\'e uted a 
v.ariet;· of ttrm• llld defutiticms to intt-rptl!:t 
the results of eh.:·onic \ests. 10 rtported 
re1uJtsthould be reviewed cue(ully. 

G. If the chronic toxicity of the 
substance to aquatic animals has been 
adequately 5ho-wn to be related to a 
water quality characteriatic such as 
bard...,eu for frubwater organisms or 
salinity for saltwater organisms. a Final 
Chronic Equation should be derived 
based on that wa-ter quality 
chara.cterill.iC. Go to Section VU. 

H.li chronic valuet are available for 
eight species as described in Section m. 
B.1 or Ill. C.l. a tpecies mean ·chronic 
\'slue should be calculated for each 
species for whicli It leaat ont chronic 
value is a\·ailable by calculating the 
geometric mean of aU the chronic values 
tor the species. The.Final Chroruc Value 
ahould then be obtained u1in11 the 
procedures described in Section IV. J-0. 
Then go to Section VI. M. 

I. For each chron..ic value for which al 
leut one 1ppropriate •cute Vlfue it 
1vailable. calculate an acute-chronic 
tltio, Ulina lor the numerator the 
arithmetic averaa• ol lho reaulta ohll 
atandud Dow·throush acute testa Ill 
which the concentration• .were 
meuw-ed and which are from the aama 
atudy •• the chrortic test. U auch an 
acute teat it not available. uae for the 
numerator the retu.lts of 1 1t1ndard 
acute test performed at the ume 
laboratory with the aameapecfu, 
toxicant and d.ilut:Jon water. II no auch 
acute tett It available, uti the tpedea 
mean 1cute value for the numerator. 

Note..-IF the ecuta: toxlc.lfj or chronic 
to:dclty or both or the tub•tanc. have btea. 
adequatelylhoWD lobe rel11tad loa waftr 
quality cl:tarecterhth:.l.ht nLUntn.tor and the 
denornlnetcr uual be- butd on ttltt 
performed in the ~ame we tar.-

).For each speciea. ea.lcuate the 
apeciu mean acute-chroruc ratio u the 

aeometlic mean olall the acute-chronic 
ntioa available for that tpeciel. 

K. For tome rubafancet tlle ape:ties 
mean acute-ch.ronk ratio teema to be 
the same for alllpe"ciet. but for other 
1ub1tancel the ratio aeems Ia increase 
•• the apeciet mean acute value 
increases. Thus the Fin• I Acute-Chronic 
Ratio can he obtained in two way a, 
depending on the data available. 

1. I! no major trend is appanot and 
the I CUte-chronic ratio• for a number of 
tpeciet ere within 1 (actor of ten, the 
final Acute-Chronic Ratio thould be 
c.alcuJated 11 the aeomebic meao of all 
thl! tpeciu mean acute-chronic raLcs 
available for both fresbwa·ter and 
ultwater apecies. 

2.lf the 1pecies mean acute-chronic 
ratio nems to increue 11 the ,pecies 
mean acute value inc::rea!es, t.he \·ahle c! 
the acute-chronic ratio for 1pecies 
whose acute nlues are close to tbe 
Final Acute Value should be chosen as 
the final Acute-Chronic Ratio. 
· L Calculate the Filial Chronic Value 
b;· dividing th~ Final Acufe Value by the 
finaJ Acute-Chronic Ratio. 

M. U the species mean chronic value 
of an _important tpedes, tuc.h as a 
commercially or rt:creationaJly· 
i.tnpor1ant ·apecier, blower than tbe 
final Chron(c Ve.lue. -then that species 
mean chronic value should be used as 
Lbe Final Chrome Value. 

N. Go to Section VID. 

VII. Final Chronic Equation 

A For each sp~cie1 for which 
comparable chronic toxicity values are 
available at two or more different 
valun of a water quality cbaracterh•t,ic 
which apparently affects chronic 
toxidty. perform aleallsquares 
ngrenion of the natural logarithm! of 
the chronic toxicity vafuet on the 
natural Jogl.rit.hmt of tbe water quality 
characteristic values. ~o· transformation 
or I dilfen!!nt transformation m•Y be 
uaed 1f It fila tho data be tier, but 
appropriate changes will be neceuary 
throuahoul thio aec!ion.lt ia probably 
preferable. but not neceua.ry. to uu the 
.. me tra.n.Connatlon that wa1 used with 
the acute va.luea in Section V. 

B. Determine whether or not each 
chronic alope llmoaninsfullalting into 
1ccoun1 the ra.nai and D~ber of valuet 
of the water qualllf clwacteriotlc 
loatod. For oxa.mple. a alope baoed on 
four data polnla may be of limited value 
U lilt biood only on dlla for a narrow 
ranae- of value• of tb• watar quality 
char a cterlatic. On !he other hand. a 
alope baaed on only two data pcinla 
may be meanlngful lllt Ia consistect 
with olher information and lf tholwo 
point• cover. broad enou&b renge ar 
the water quality characteriatic.lf a 
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:::O~bie ro';;t"i;;.t·;~ ;p;d~ •. retum 
to Sectiou Vl. H. 

C. Calculate the me•n chronic alope 
{L) u t!Je aritl>metlc overage ol oU the 
.ti:JuutngfuJ w\ru.::Uc iilopn !oi indh·id-P) 
apecJe1. 

D. For each 1pedes calcuJare tile _ 
aeometrlc meari (M) of the toxicity 
nfuu and the 1eometrle mean (P} o! the 
rdaied rt!uu or the Wi.ltt qui lily 
c.baracterlatic. 

F. For oach opecleo calculate the 
loguitl>mlc intercept (Q] u•ing the 
equation: Q-ln M-L(ln P). 

f. For ucb 1peciet c•lcuiate a apeciet 
mean c:hronlc intercept •• the antiJoa or 
Q. ' 

G. Obtain the Final Chronic IzHercept 
by us ins the procedure de.srT.bed in 
Section IV. 1-0. e:tcepl inJert 
'"Intercept- for .. Value... -

H. !! the ·,pede: me:n ch."''nic 
ictercept of"an important tpecieJ. 1uc.b 
., • commercially or l"e'CC'eatiocally 
lrrportant spe-cies. is lower than tbe 
f1na.J Chronic Intercept. then that 
ipoeQn mean clu-onic il1.ten:~pt 1hould 
be und 11 the F"mal Clltonic laterupl. 

L Tbe flDAl Chronic EQuation is 
written •• e Q.I'-'<Y•'-" ~17 d.anl"-" -....Jot .. ,. 
*'.where lwmean chronic a!ope and 
R- Flnai Chronic intercept. 

Vlll Final Plant Valu• 
A Appropriate measun' of the 

tox..icity of tbl!" 1ubatance to aquatic 
pi.anla an u.ad to compare the reiative 
len.titivltie• of aquatic plantJ and 
=-r..im=.b. · 

R A value Jt • concentratlon whlcb 
dea..ued arowth (u measured by dry 
wei&hL chlorophyll, oitc.) In 1 96-hr or 
longer teol with"" ola• or In a chroolc 
ieai with au aquatic ViliCU.l.tr pli.iit. 

C. ObteiD llu! Fwl Plant-Value by 
aeJectin! the loweet plant value from 1 
test l.n which the tox.J'c.ant concentratioot 
were mea1ured. 

IX. Final RMidw Volu• . 
A Th• Fb>oJ ~lid•• Vol"" !oo dorivtd 

ID order to (1) prneut...,..on:l•lly or 
reaeotlonally lmportanllqu&ll< 
of8llll&mt from oxcaed!Da rwlaviiDt FDA 
1ctioa Ia .... aad (2) protwc:l wlldllle. 
L"lcludiq ft.&bn and bl.-d:. th:t c:t 
aquolic .,.....,_. from domODOtrafed 
adveroe ell:acll. A noidue yafae II 
colcullled by dlvldlllc a awdmam 
ponalnibla U... _,tralloD by an 
il.ppropriaiAI bia cc r cntration iactor 
(BCP). wl>on die BCF II the ..... lift! of 
the CODOI!!!r'!do!l ~a !!!h!!a!!ce !!! e!f 
or pari of u lqDiflc aq&Dlom d!Yided 
by the """"""lralloa bl water to which 
lila orplllom hao ben ""P''O'i A 
IIW<imum ponD!odhlellolue 
eoauiiinda II tithfi (1) aa aetioo 

level hom !he FDA Ad.rcin!!t!'!!!V!! 
Guidelines Manual for ~.h oil or lor the 
odiblo portion offish or ohellflsh. or (2) 1 
max.imuro acceptable diet~ inteke 
bued on obu·rvationJ on survival. 
grvw·tli Of repruduetiou m • ehronie: 
wildli!e feedlna Jtudy. If no ma>dmll!l1 
oermiuibJe tiatue conctntratiools 
jn:ailable. ao to Section X becaull! no 
Fin a) Ruidue Value can be derived: 

B. 1. A Bc.r determined in a 
laboratory lUI ohould be used only II It 
w=: c.e:!C'.:!cttd bu:-d on mr::um~d 
concentrations of Lbe substance in the 
test 10Jution and was based on an 
exposure that coatl.cued un_tU either 
steady-state cr 18-days was reached. 
Siudy-itate Is reached when tl:ie BCF 
does not chan,ae significantly over a 
period o( time. 1uch 11 two days or 15 
percent of the length of the exposu~. 
whichever it longer. U 1 steady-stale 
BL:Y is not available for a species, the 
available acr for the longest exposure 
over Z8 days !hou!d be U!td for that 
·p~cil!'!l. ' 

2. A BCF from 1. field exposure Should 
be used only when it is known thallhe 
concentration of the aubataoce was 
re•sonably Wn!ittii.t fur e tung ~nou8Ji 
period of time over the range of territory 
inhabited by the organisms. 

3. II BCF valueo from field expooureo 
are consistently lower or higher than 
those from iabor•lory expoturn, then 
only lhose v•Juet from field exposure:t 
;;hould b:- u;~d i! pc;;ibl:-. 

4. A BCF sbould be calculated based 
on the concentr•tion of Lhe aubstance 
and its metabolites. which are 
atructurally tim.ilar and are aot much 
more soiUbie in waier iban the pa-rent 
compound. in appropriate tiuue and 
!!hcdd be conect!!d for the 
concentration ln the orsanismt at the 
beginnin3 of the test. 

5. A BCF value obtained from a 
laborAtory or field axpotUl"e that cauted 
an obtt:nibJt idvern •f1eci ou the ·ieti 
oralllllsm J!Uiy be aoed only !IIlio 
JdmiJM to ~Mt obtained with WI.n'ected 
01J&nbmt at lower conce-ntratiorutn the 
Mtlll! tttt. 

&. Wbenever • BCFII detmnlned for 
o Upid·•olublo aubllance. tl>e percent 
Upids ibou.ld iil;o bw det~rmin~ ~ t.':te 
lluue lor which tho BCF wu calculotad. 

C. A BCF calcul.ated ualn! dry li11ue 
wefahlt muat b. caavutl'd lo • wat 
llsaue weljhl bo1ta by muiHplying the 
dry wei&htllei' Yaiuo by 0.1 for · 
plo nkton ODd by o.2 Cor indivldaoJ 
:.rd=: Cf e:"oo L~d !nvcrtebr:!:=., 

Noa•.-ThlwaJun of'O.% md 0.1 "'-'"' 
deri..,..HJ from d.J~ pybi!.Hd.ln: 
McDm•n. W. F. lf10, E<olocY 51,.__, 
Brocb•n. R. W. ot ol. 111M. I· Wlldlifo 
~anaatmeniS~-~ 

Curn.miM, JC.. W.._ "' !d 1!1':11. ~Jo-.Y ~· :!-::J.6-
S45. 

Pettlc:ide Alla!ytlc.al Manu.al. Vo!um! l Food 
iind Droi; A'"'-;~ i•trt;;tluu. 1M-

Lev.. R. M.. 1M1.1D The PbyaloiOQ .of -f1•h~s. 
VoL 1 W. E. ~wn, ed. Acadtauc Pru.r., 
New York.. p. 411. 

Ruttn.r. f .. 1883. FundamentalJ or Lrr.nolog_' 
3rd I'd. Tnml. by D. C. P~y and F. E. J f;:. 
Umv. orTD:'Oftto Pth11. Torot'I!O. 
Som• eddJtiorW nluu can bt- fPVnd 1n 

~~~~.C. D ... !-.:?. Th~ Bio~ of 
Aqua.Uc VaiC\Ilar Pl.ant1. A.taold Pubh•l-.ln~ 
Lld..Londoo. 

D~lf enough ~rUnent dnta eJ~:is!. 
Jeveral residue nlue.s cs:n be calculaled 
by diTi.dinj m.axiffium permiuible iiuue 
conoentrl:tiona by appropriafe- BCF 
valuu. 

1. For uch •vsilable maximum 
acce-ptable dietary intake dtrived frorr: a 
chronic ieedir18 thJdy whb. wiid:hie. 
including birds •nd aquatic organisms 
thl! lppropriate OCF is b~ue-d on the 
whole body of aquatic s~n which 
con,titute or reptesenra major portJon 
of the diet of the test~ wiidlife 1pecies. 

2. For an IDA •ction level .. the 
eppropriete BCF ie th~ _h!g.'-!~!1 ge-ometric 
mean tpeciet BCF for thl!' edible portion 
(muscle for decapod•. muscle with or 
Without 1kin for fiahes. adductor muscle 
for ic.allopt and toi•J living tiuue for 
ut.'ier biYal•e- molluscs] vf a co.isumed 
1pecie1. The highest tpecie-1 BCF is used 
because FDA action levels are app!!ed 
on • tpecles-by·tpedes ba.sis. 

E. For hpid-&oluble substances. it may 
be pouibie to caJculete •dditionai 
rnidue value•- Beceuse- tteady-sta1e 
BCF v~IYU for~ lipid-8oJyb!~ !:be mica! 
teem to be proportional to percent hpids 
from one tiuue to another and from one 
s~cie-' to aaother. extr .. poieUons can 
be made from tHied tisauet or tpecies 
to untc;ted u~ue: or =Fci~~ en t.~e 
besls ofpercmt Upidt. · 

1. For each BCF for which the pen::en1 
lipida i1 known for the nme tissue for 
which the BCF w .. measund. the BCF 
t.hoWd be Domsali&ed io • one percent 
Upid bull hJ dlvldmi the BCF by tho 
po~~nt l!p!da. T'tl• !!dj!A!t!:!'lent to • Qne 
porcent Upid belli make• oil t!Je 
mo11untd BCF voluoo compora ble 
n-aardltse of tM ~e-1 ·or tiuue for 
which tbe BCF ••• me•tured. 

:. c.Jcul&ta tba. rom~lrlc :n!:n 
IIOI:m&lized BCF. Dor. lor both nltwoler 
&Dd lrnlnorotar .p.ein con be uJed to 
dotermina the mo&D nonaalized BCI', 
becauM the DC111111alized BCF 1eem1 1o 
i:M aboui the MIDI' ior both kinds oi 
oraanlama. 

3. Re!!due \'a!t!H U!! t.~en be 
calculated by dlvldinJ the muimum 
permiuibl• t1Nua concentrations by the 
meon liormallzed BCF and by 1 pen:ent 
IJpidt value 1ppropriate 10 the maximum 
perm.i.Nibie UNut coneeo'U-iiion. i.e., 
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le•idua Value • (-.xi.ua p!rGitaible tiaaue coacantratioa) 
C..-au oonaliz:ad 8C'PHappt"opriata p.rcutc: Upi.ch) 

a. For an FDA action JeveJ for fish oil, 
the appropriate pertent lJpida value ia 
100. 

b. For on FDA action level for fish. the 
appropriate percent Upids value i-.15 for 
freshwater criteria and te for saltwater 
criteria bec.aun FDA action I~Velt are 
applied on a apeciu~by··tpeciu basit to 
commonly conaumed apeciet .. The edible 
portion of the fnsbwater !alto trout 
average• about15 pen:enl Upida. and 
the edible portion of the aaltwater 
Atlantic herring averaae• about 18 
percenllipida {Sidwell, V. D .. et al. 1974 
Composition of the Edible Portion of 
Raw (Fresh or Frozen) Cru1taceans. 
finfish. and Mollusks.]. Protein, Fat. · 
Moisture. Ash. Carbohydrate. Energy 
Value. and Cholesterol. Marine Fisheries 
Review 36:21-35). 

c. For a maxi:num acceptable dietary 
intake deri,·ed from a chroruc feeding 
1tudy With wildlife. the appropriate 
percent lipids il the percent Upids of an 
aquatic ipecies or group of aquatic 
specie~ which constitute 1 major portion 
of the dJ:et of the wildlife tpeciet. 

F. The Final Residue Value i1 
obtained by aelecting the lowest of the 
available residue valuu.lt abould be 
noted that in. many cases the Final 
Residue Value will net be low enough. . 
For exam.ple. 1 retidue v.tlue calculated 
from an ffiA action level would result in 
an •verage concentration in the edible 
portion of a {itty 1peciet that ft at the 
action level. On the aven1e half of the 
individuall of the Jpecies would haVe ' 
concentration• aboVe th£ FDA action 
level. Alto. the ruultt of many chrorilc 
feed.ing studies·~ concentntion1 that 
cause ad\'ene e!fect1. 

X. Other Dat4 

Pertinent in!ormation that could not . 
be uted iD earlier uctfODI may be 
available concernlnt advt:rte effectJ DD 
aquatic oraanllmt ud tholr ... e •. The 
mosl important of theM ate _dati on 
flavor lmpairmenl reduction In ourvivaL 
JrOW!h. or reproduction. or IllY other 
advent effect that hu bnn ahown to 
be bioloste&lJY oJ,nlf!canL EopeclaUy 
lmpor1lJI.I are d.lta for apeclta for wblc:h 
no other data an available. Dat.io from 
behavioral mlc:Orcoam, lleld. IJld 
phyaloiQIICALI otudl .. may tloo bo 
available. 

XJ. Cn'ten·on 

A. The criterion consiau of two 
conceniJ'ation.J. one thaa tbould nol be 

exceeded on the an·rage In 1 24-hour 
period and one that should not bo 
exceeded at any time durinJ the .zt..b®r 
period. Thia two-numbar aitelion it 
intended" to Identify water quality 
conditio111 that ohould prolect aquatic 
life and Ita UNa from acuta and chronic 
adveru iffecta ol both cumulative a.nd 
noncumulative oubatancoo without boinl 
at re1trictiva 11 • one·number criterion 
would bavo to bt to provide tho oame 
degree of protection. 

8. The maximum COncentration lJ the 
Fintl Acuta Value or It obtained from 
the Final Acute Equation. 

C. nie Z4~hour avenge concentration 
· ia obtained from the Final Chronic 

Value. the Fino! Plant Value, and the 
Final Residue Value by aelectlna the 
lowest available value. un1en other 
data (see Section X) from teata in which 
the.toxicant conctntratioru were 
meuured tbow that a lower value 
should be uaed. U toxicity it related to a 
water quality characterittic., the ~hour 
average concentration Ja obtained from 
the Fintl Chxonlc Equation. tho Final 
Plant Value, and the Fintl Retidue 
Value by aelectin& the one that reaultaln 
the lowest concentration• l.n the normal 
range or the water quallty-characteri•tic. 
unle .. other data [see Section X) &om 
tettl La which the toxicant 
concl!ntratioil• were meaaured ahow 
that a lower value abould be uled. 

D. Tho aiterion lo (the u-hour 
averaa• concentration) 111 %4-bour 
aV•raae and the concentration ahould 
not oxcaoci (the maximum 
conc•ntration) at any time. 

XII. R1vi1w 

A. On tho bula or allavailabla 
pertinrnt laboratory and ~eld 
in!ormation, datormlnolf tha atttrlon 111 

• conolttent with aound tclanttllc 
ovidenco. lilt it no~ another atttrlon, 
tither hl&hor or lower, should bo dor!voci 
USinl appropriate modlficationa of the 
Guldtllnoo. 

Thooo Guldellnn wV. Writton by 
Charlu E. Stophlll. Doll&.ld L MoW1~ 
David J. Ho.ulli.JOb H. c.Qtllo, Cozy 
A. Chapme ond Willl1111 A.llnanp of 
tho U.S.E..P..A. !l:aWollmolltol ~ 
Laboratorieoln Corvallla, 0.....,... 
Duluth. Milmooota. Gulf Brnu. Florida, 
and Nai'rqo.nlot~ Rllodl laland. 
Numeroua otbtr PIDjllt, mony of whom 
do not worldor U.S.E..P.A, provided 
auiatanc. and-autitttioD.J. 

Appoodlx c-GiddoliDos and 
Mothodolot:J UM<I !Jl tha Pnoparotioo of 
Hoaltb Eft.ct A>Numtot Cluopters of 
tho c-t 0..:... W•lor Criten.. 
Documoota 

/. ObjectiVfl 

The objectlvo of the health effect 
uaeument chapters of the ambient 
water aiteria document• it to estimate 
ambient water cOncent:rationa which do 
nof repreHnt a aipllficant risk to the 
pubUc. Then a11e11menl.t ahould 
COilJtltute a re-view of aU N!levant 
ln!ormation on l£1dlvidua1 chi!micalt or 
chemical cluaea lD order to der: .. ·e 
criteria that repreaenl in the case of 
•u•~cl or proven carcinosen~. "·•rio us 
Ieveli of incrementa) CUlCer risk. or. m 
the uae of other pollutants. ntJ..Ca1u, of 
no·effed lev e) I. 
· Id.ellly, llllbient water <iuality 01te;ria 

ahouJd repre•ent levels !or co:-npo:....'1Ci 
in ambirnt waler that do not pose a 
haurd to the hu..man population. 
However, in any realittic usessment of 
human health haurd, a lundemental 
diltinction· mu.t be made between 
ab1olute: 1afety a.nd the .recognition of 
10me ritk. Criteria !or absolute ufe!)i 
woult\ have to be bued on det1iled 
Jmowleda:e of dole-response 
relationahip1 1n humans, including a!1 
IOUI'"C81 of ch'em..icalexpotutt!, the t)-"Pf?S 
o( toxic effect. elicited. the e::Qatpnce of 
th.ruholdJ for the toxic effects. the 
lignifica.n·ce of loxicaat interactions, Arid 
the ·vuiance1 of 1enaiUvttie!l end 
expoaure le\'ela within the human· 
popul•tion.ln practice. 1uch ~bsofute 
crilerla cannot be eat.blilhed bec&ufe 
of deficfenciel in both ilie available data 
and the m1an1 of inli!-rpreti.ng thia 
J.ntormation. Conuquently. the 
!ndividutl humin health effecu ch•pte" 
propoH criteria which minilrJu or 
lpedfy tho potantitl riak or •dvers~ 
human effecta dut to aub•1ancu in 
ambJCDt Watar. Potential aodaJ or 
econom.le coati and beneflla are not 
coruidarad In tholormulatlon of the 
aftir!L 

n. '»* of Crit.ria 
Amblont wotir quality alter!& are 

band on lbne typea of bioloaicel 
ondpolnto: corctnoaenicity. toxicil}' (i.e., 
all ad- olfocta other than cancer). 
IJld .....,Olo~tlc e!ltcta. 

For tho pwpou ot derlviq l!nblent 
wator quollty attarlo. carclnoaenicily it 
Nto:ded u o DD11·tbreshold 
pbonomtDOn. Utloa thit auumption. 
"aafo" or "llo alftct"lovalo for 
c:ozc1Doct11!1 calU>ot be tstablished 
becaue eva axt:rea1cly amalJ doan 
MUll be IIIWDed to ollclt I finite 
lncnaoiln tho lnddenca of tha 
reap01110. Conaaquently. waler q~>aUty 
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criteria for cal'CinoaeDJ are presented u 
a ranae 'of poUutant concontratloDJ 
auociat.ed w!lb correspondJna 
Incremental risks. 

For compounds whlch do notmonifest 
any appannt ca:dnoaenJc effect. the 
threshold usumptloo II used In derivin3 
a criterion. This usumption It based on 
tho pnomlto that a pbyolologlcal reserve 
capoi;;ty llldoll wlthln the oraani•m 
whlcb 1.1 thouablto be depleted before 
clinical dlaeooe tDJueo. Altemotlve!y,ll 
may be auumed that the nte of damage 
will be lnolaniflconl over the life opan of 
the ora;anUm. Thua. ambient" water 
quality aiteria are derived for non­
cardnoalllllc chemlca!Jo, ud preoumably 
result ln no obJervable--adveru·-eff'ect 
lavoi. (NOA.El.a] In the exposedbuman. 
population. 

In tome J.nat.ances, aiteria are band 
on OliiAOieptlc characteristics. Le., 
throoholda for taote or odor. Such 
criteria are utabliahed when 
iruufficJant Cnformation i• avallable on 
toxJcologfc ef!'eels or when th.,. estimate 
of the level of the pollutant In ambient 
water bued on oraanoleptic effects Is 
lower than the level calculated frOm 
toxlcolosic data. II should be recosnized 
that criteria booed solely 03 
oraanoleptic effects do not necessarily 
represent opproxlmadono of acceptable 
mk level. for bum en health. 

Several ambient water quaUty criteria 
documonll deol with a ..... of 
compouods which Include chemicals 
axhlbilinl varyins degrees olotrnctural 
oim.llanty. Because prediction of 
bioloiical effects baoed oolely on 
olnlctural puameten I. di!licul~ the 
deriVation of compound·apecific aiteria 
lo preforablt lo a claSt criterion. A . 
compound-opedllc criterion fa defined 
u a level derived from data on each 
Individual 1ubject compound that does 
not rapreoent • oiaaLficant mk to the 
pubUc. F9f oome chemical claoou. 
bowover. a compound·opeclf!c criterion 
cannot be derived for eoch member of a 
cla11.1D l1lcb lnotaocea.lt Ltoomet!meo 
fuatiflablo to derive a dau criterion In 
which avallable dsta OD oao member of 
a clua may be uaed to atlmate aitorio 
for olhar chomlca!Jo of tho clan because 
a oullidiiDI da ll ban II DOl available 
for thou compounda. 

For aomo chemlcala aod cbomlcal 
cloaou. tho data baaa wu judpd to be 
IDiullideol for tho derivation of o 
criiiTicm. ID lhooa'caiH. dalldoodeo In 
tho anllabla Information-are detailed. ., 
UL~od . 

'r1lt 'bam:.o hoaltb tlfecll cbaptero 
ottempt ID I'IIXIIIIWiu all lnformatloo on 
tho lndiYiclual cbamlcola or claooeo of 
cbomlcalo whlcb mJabt be utef!al In the 
rilk 1 111111Unt proce18 to dnefop 

water quality cri~rio. Allhoush pr!I!Wy 
ampbaolo II placed on ldentl.f)1n, 
epldemlololfc and toxicologic data, 
then aue11mento typically conllln 
dlaCUIIIOD.I CD four topica: exiotina 
Ieveii of human expooure, 
pbumacoklnetlcs, toxic efrecll, and 
criterion formulation. 

For •U document.. an attempt l1 made 
to Include the koown relevant 
Information. Review artlclu end reporil 
are often uoed In the procet~o of data 
evaluation and ayntheslo. Sdeal!llc 
judgment It exerdoed In tho review and 
evaluation of the data tn each document 
and in the ideiltificatioo of the advene 
effecll agalnot whlch protective criteria 
are souahL In addition. each of tbeoe 
documen ta ls reviewed by a peer 
commit~• of scientist. familiar with the 
apecllic ccmpoWJd(o]. Thete work 
groupo evaluote tho quality of the 
av-ailable data, the _completeness or the 
data summary. and the validJty of the 
derived criterion. 

In the analysis and oraanization of the 
data. a.n attempt it rri.ade to be 
coruiltent With respec1 to the format 
and the appUcatlon of acceptable 
sdentifit'prlndplu. Evaluation 
procedure• uaed In the hazard 
assessment procesa follow the principle• 
outlined by tho Na tiona! Academy of 
Sciences In DrinlUng Wat..r and Heollh 
(1977) and the BUidelineo of the 
Carcinogen A. .. enment Group of the 
U.S. EPA. 

A. £xpos!U1J 

The exposure uction or the health 
effect. chap~n reviews known 
in! ormation on CUJT'ent level• of human 
expolllrt to the individual pollutant 
from allsourceo. Much of the data wu 
obtained from monltorfq atudJeo of air. 
water, food. ooU. and human or animal 
tlnue residue.. The major purpon of 
Ibis section II to provide bac:Ic,round 
information OD the contribut10D o( water 
expoaure.ralat1Ye to all other 10Urce1. 
Conoequontly, tha axpoolln Mellon 
!ncludoo NbaectioDJ rovlaw!Qc d!Hannt 
routll of axpooure lnclud~ water and 
food ~eot1011, lobwtl011, o.nd darmal 
contact. . • 

ln!ormatloa on expoaure can be 
voluableln developlnJ and use11~ a 
watar quality crlterion. In !hue 
dOCWDOD!s tiXpoiUfl from conoumption 
of coalaJIIIDated water and 
contaminated tlab and ohelUiah producta 
1.1 uoed Ill crllorfon formula !loa. Data for 
aU modes of axpooUN ara IIMfuiiD 
nlaU..,Iatal lntaka to tho axpectod 
contribution from CODiaJIIIDated -tar. 
!lob. and abaWbh. In addition. 
lnformatloo for all rouiH of axpoaun, 
not llmltod to drtnklna -let o.nd llab 
and abeDJab Ingot lion. can be uaad to 

fu,ot!fy or aooeao the feaoibillty of the 
formulotlon of criteria for ambient 
water. 

The u1e of fbh consumption as an 
axposunt factor requires the 
quantitallon of pollutanlreoidueo in the 
edible portioDJ of the Ingested tpecies. 
Accordlnjly, bloconceulratlon factor> 
(BCFs] are uoed to relote pollutant 
,-eslduealn ~qua lie o~ani1mslo the 
pollutant concentration In the ambi.nt 
woten In which they reo! de. 

To eolimate the avenge per capita 
Intake of 1 poUuta.Qt due to ronswnpl:on 
of conllmlnated fish and ohe111i>h the 
re1ulta of a diet 1urvey were analyzed to 
calculate the average coD.Jumption of 
freshwater and eatu.ari.ne fish a.nd 
abellllab (U.S. EPA. 191101. A opecieo is 
con.sldered to be 1 con.umed freshwater 
or ettu&rine fiah aod •hellfisb I pedes J.! 
at tome staae in ita lile cycle. it i1 
harve1ted from fresh or estuarine Water 
for human consumption in significant 
quantities (Stephan. 1980). 

Three dlfierent procedures are used to 
estimate the weighted average BCF 
d~endlng upon the Upid oolubility of 
the chemical and the ovoUability of 
bioconcentn.tion data. 

For Uptd-ooluble compounds. the 
average BCP f1 catculated from the 
weighted average percent lipids in the 
edible portions of con1wned freshwater 
and .. tuarine fioh and sbeillish which 
wu calculated from data on 
consumptloo or eacb wpeciea and itJ: 
cornoponding percent lipid• to be 3.0 
percent (S~pban, 11160]. Bec•use the 
oteady-atott BCFs for Upid-ooluble 

· compounch are proportional to percent 
lipidJ. bloconcentralion factor-a for fish 
and oholl1iab can he adjusted to the 
averasa perc.nt Upido for aquatic 
oraWsma coo.aw:ned by Amerlc:.anJ. for 
many lipid-oo!uble poUutanlo, there 
exi1ta at leut one BCF for wh.ich the 
percent Upid value wu measured for the 
tiuuet for ~hich the BCF it determin~d. 

With 3.0 porceut ao the weighted 
averaae percent lipids for fresh wa t~r 
and nll.larlna ftob and ohelllioh in the 
avorare diet, a BCF, and a 
com!opondlna·percent lipid value. the 
weiahted averqe b!oconcenlration 
(actor can be calculated. 

Example: 
Wetpted averqe percentlipido lor 

avenp dlet• 3.0 percent 
· Measured BCF of 17 for 

tricblorootbyleno .with bluesillo at 
U pen:ent Upldt 

We!Jht.ed avarare BCF for ave~ge 
dJet equal. 

17 X ~ = 10.6 
4.8" 
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As an eatimale, 10.6 is uaed for the 
BCF. 

in those cuea where an appropriate 
bioconcentration £actor is cot u•ailable. 
L~e ~quatian "Lng BCF""' (0.85 Log P}-
0.70" can be uud (Veith. el al. 1979) to 
estimate the BCF for aquatic organism a 
containing •houl7.& percenl Lipal~ 
(Veith. 1980) from the octanoljwater 
partirion ::o~ffici:nt P .• 4 ... :1.:dj:.:~tm~ct 
Cor percent 1ipid1 in the average ~et 
versus 7 .. 8 percenfia made In order lo 
derive the weighted average · 
bioconcentraU6tlfactor. 

For non·lipid·iulUble compound;. \he 
available BCF1 for the edible portion of 
consumed !resbw8ter and estuarine fish 
and sheUfi.sh ate weighted according to 
conSumption factors to determine a 
weighted BCF tep~5e"ntatlve of ilie 
average diet. 

B. Pha:-macok.inelics 
This 1ection 1urrunarizes the aveilable 

in.!orm.B:i:lon on the •b"sorption. 
distribution. metabt.lism. and 
elimination of the compound(.s) in 
humans and experimental mammals. 
Conceptually .. tuch tolormalion is U.!eful 
in vaiidai:ion oi inh~r· and intraspecies 
extrapolations. and io characlenzmg the 
mode.! of toxic !.clio!l._ Suffir:::ierH 
information on ebsorptioc and excretion 
in animals. foget.her .,..;th a knowledge of 
ambiecl Conceiltralions in wafer, food, 
and air. could be useful in ettimating 
body burd~na of ch2mic.al; in the hu.mctJl . 
population. Distribution data whkh 
.suggest target orgaru: or lis.!IUel are 
deSirable fOr int!rspecies compari.son 
techniques. In terms of the derivation or 
critelja, pharmacokioetic data are 
essential to ntimale equ.in.JentDraJ 
do1.e1 b@.!ed on d1ta from ~_beJiati.on or 
other route1 of expo1ure. 

c. Ef[K!!t 

This nction tummArizea in!oi-matfon 
on biologiC! I effect~ Lt! b!::!th tn.una!l-..1 ~ .. mJ 
experimental mammal• reaultfna: ln: 
acute. iubacutl. and clironJc toxJcity, 
aynergiam and/or antaaon.ialll. 
teratogerticity, mu1aatnJclty, or 
carcinogenicity. . 

The major sool of this notion li to 
1urvey the tuHability of the data for uae 
In 111enment o£ hazard and to 
determine which bioloalcsl ond-poln~ 
i.e .. oon~Uueahoid. ihrnboid. Cl' 
Ol'JIU10ieptic. abould b. Nltcted for ute 
Lt!- c:rU~rion for~nbtSan. 

S.C:.uae thft tectloa. att,mpta to 
lltell polentJal human health 1ffectt, 
data on doc:umel1ted.bamt.Q •ffacta.re 
thoroughly aveluat1d. However, aeveral 
(;ctuii 1i:ilieNnl hi huma.u 
epidemioloa!csl ttudi .. 110ually preclude 
the uae of 1uch data .lo !~1'8lin! wat~r 
quality oiteria. Then probllmt. u 

1ummarized by the National Acl!lderny 
o£ Sdence!l (NAS, 19n} are 11 foUowa: 

1. Epldemioiogy cannot tell what 
ef!ect.J a material will have until after 
hu!nen! h!!V! been e~oeed. One mr.r=t 
nol conduct what might be hazardoua 
experimeott on man. 

Z.lfexpoaure hat been ubiqultoua, il 
m1y be lmponible to anus the effectt 
cf = m:terie.!, 1-..... u:r: t.~:N: f: no 
unexposed control group. Statistics of 
morbidity obtained before use of a new 
material can aometlme1 be useful. but 
when }alent periodJ: are·va.riJble and 
time-i vf Lltroducti!lil tmd removal of 
materials overlap. hillorical data on 
chronic effects· are tau ally 
unsatisfactory, · 

3. HIs usually difficult to determine 
dase! In humitii expoil.i.ii"S. 

4. Usually. II ls hard to identify small 
changes in common effe-cts. which may 
nonetheless be lmportanl if the 
population Ia large. 

5. inieracdona in li .. nature-designed" 
experiment u!JuaHy cannot be 
controlled. 

Although then problema often 
prevent the uu- of epidemiological data 
in quanti~a!ive risk auessments, 
quabtative similarities or differences 
bet"~Neen docltine!lted effec!! i..'l hume.n! 
and observed effect. in experimental 
mammals ere extremely useful in testing 
the validity of anlmel-to-man 
extrapolationa. Connquenllj~, in each 
ca·se, an aHempt iii made to identify &~'"'id 
ulilize both epidemiologic and animal 
dose-response data. cnteril!l derived 
from 1uch 1 confirmed dtta bue are 
con,idered to be reliabl~. 

The decillion io ni1biial:n criterion 
bued on a non~thntbold model ia m11de 
after evaJuat:ins .U t,vailabh~ 
information DD carcl.noseniclty and 
tupportive Wolinatlon on mulagenfcity. 
The approach and condltloM for the 
qualitoti .. dec!ofon of carclnoaenidty 
!..""!: out!L"l~d !n the U.S. EPA l!J!er' .. on 
C.ncer Culdellnea (41 FR Zlf02]. Jn • 
report by Albort. 11 al. (ltm~ and in the 
Interagency ReauJalory Liaiaon Group 
(!RLCJ ruJdeUnn oa can:lnosenl~ ritkt 
(DU.C; tm). n a urdned th•t • 
tubttonce which !nducet r tlltiotically 
1ignifican1 carc:inogenic teaponteln 
animat. hu the capacity 'o eauee 
CIDCOF !n h111111 ... ; A chotttfc.al whJch 
b11 DOt induced • tipiiicant cancer 
tupoDM Ill humaco or experlmllltol 
!!".!me~ !! net !dec!!!!ed u e 
corclnosen. eveo lho111h lit motaboUtu 
or clo11 olluctutal anal"'''ll mJ,cht 
Induce 1 cardnopnlc·re•pona or ft waa 
tbowu to b. mutqonie !n IJi in ritro 
iJtiem. 

It It recosnl:ed IIIII tome potential 
human ~oaen. ~Y not be 
ldeatlfi•d by tho (Uldellnetaiven obovt. 

For example"-. compounds for which 
there il plaualble but weak qu.alillti\'e 
evidence of carcinogeilicily in 
experimental a.nimal *)'ttems {such as 
data foom mou~ ;ll~ painting o; ;tni..; 
A mouse pulmonllJ")' adenoma) would be 
included in thlt catqory. The derh·at.ion 
of • criterio.n for huni&n consumption 
frOm these atudJe1 hi Dot vtilid. 
ft!Ji.I'tllen Of tht quB1IiiHve ouieome. In 
addition. there an certain compounds 
{e.g., nlckelan'dberyUium) which were 
1hown lobe carCinogenic in humans 
after inh•tation exposure by chemical 
iorm. but b&ve- induced thus iar no 
re1ponu: in animal• or humans \'ia 
L,..g~!til'"!g their ao!ub!e !!!!!!. 
Neverthelela. a non·thrt•hold crite:rio:t . 
is developed for beryllium becaus.e 
tumors have been produced in an:ma!s 
at • 1ite removed from the ahe of 
:;drnir.Jstiatior~ in cont"is!. a u';;c-shold 
criterion it·recommended for ruckel 
because there II no eVidence of ~rs 
at 1ilea distant rnulting from 
·administration of nickel aolution!l by 
ehher insestion or injection. . 

For those compound& which were not 
reported !o L"l.d~c~ carcinogenic eUects 
or for those compounds fo"r whkb 
carcinogenic d•t.t are lacking or 
insufficient, an attempl il made lo 
estimate a n-o-ef!ect level. I.e many 
respects, the ~Uii..ir-d tvaluation from 
tbese studiea ia aimilar to Lhal of 
bioasaa\rJ {QJ." care:iD.oge-nit;itv.ln order 
to more .. clot-ely apJ,~~ati co~ditions 
or human exposure. pttrerence il given 
to cilronic atudiealnvoivina oral 
e.x.poauns in water or djet over a 
:!,ru!ic:nt pc:-ticn of tbt : .. ::im:! !.if~ 
1pa.n. Greatest confidence ia placed in 
tho1e atudJea which detDo!ittrate dOse~ 
related adverse effecta al weU af no­
offectlevolo. 

i"'nere fa; considarabie' vi:JiabUity in 
the bioloa!cal andpolnlt u10d to define • 
n~ffm leveL ~ey·ma, ~'lg! from 
lft'll effect~. IUcb 11 mortAlity, l.o more 
aubtle blochtmical, pbyaloiOfilcal. or 
potboloa!coi ch.,...t. Toratoaenlcity. 
reproductive ljl>po!rmen~ and 
bcba\-icu-.J aft'ecta w& aij:nlfietiil foxi·C 
con.aeqUencn or environmental 
contaminJtion. la lnstancei wheF* 
carcinoaenlc or othar chronic effects 
oc:cu: ottxpoeurw levo!O b.low !bote 
cauafnllotaiopnldty, nprociuctivo 
Jmpalrmon~·.,. bob .. toro.hlfocll. the 
fcnner ere u..-ed !zl cferlyl:_-:; -= C"!tt:rica. 
For mot! of lbe·compo;mdo evaluated 
!but for. !otatopGicll)' and.roproduetive 
lmpal.nnon! ocnr AI d~ DOlt 
moxlmWII toltnlod l...m with doll 
idr.Wnittii:tiua tcbeduitt w;U abovi 
eotlmated oo~oatolitxpoture 
lev~ls. MoftoOver. lnform!!tloa on 
behavioral olfll<:ll. which could bo of 
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tignificance.la oot available for most of 
the compounds under otudy. 
ConuquentJy. mo1t NOAE.L.s deri'-·ed 
from chronic atudiea an bated eit.ber on 
arou I oxic effectl or oa _effect• directly 
related to lunctionallmpalnnent or 
defmed patboiOJic•l Jeaiont. 

For compound• on which adequate 
chronic tox.icity atudies are not 
available, atucUtJ on-acute and aubacute 
toxJclty auume sreater aiJ:njficance. 
Acule toxicity atudiea UJUally LnvoJve 
tingle expoluret at lethal oi' near lethal 
dose1. Subacute ttudies Often involve: 
exposuret exceeding 10 percent of the 
U!e apan or the !est oraaniam; e.s .. 90 
day• for the rat ~than average life 
tp~n of 30 month1. Such studies are 
useful in etleblishing the nature. of the 
cOmpound"• toxic effects and other 
parameten of compound toxkity. such 
u target orgi.D effects~ metabotic 
t?eha.vior, phytioi_Ogical/biochemical 
effecta, and patterns of retention and 
tiuui distribution. The utility of acute 
and tubacu!e ttud.ies in derh'ifl8 
envirorunentalJy meaningful ~OEW is 
UllCertain. although Mc..'la.mara (1976) 
bas developed application factors for 
aucb derivations. 

In tome casu where adequate data 
are not available from studies util1ring 
o:>ral routes ofadminittraHon. no-effect 
ievels for oral expotures may be 
Pttimafed from dermal or inhalation 
·~dies. Such eatimatu in'lolve 
<1ppro:Uma tion! of the total dose 
:~dmin.istered based on assumptions 
about breathing rates and/or magnJtude 
of absorption. 

D. Criterion Rationale 

This tection review• existing 
otondardo for the chemical[s). 
aummarize1 data on cw:rent leveb of 
bum an e%poture, atremptt lo identify 
special group• at rflk.. and defines the 
baaia for the recommended.triterion. 

Information on exi•tina ttandarda i1 
included primarily for comparison with 
tho proposed wateJ'quallty aiteria. 
Some ol tbe proaent otaDclardJ, ouch 11 
tbooe recommended by tb• 
Occupational Safoty ed Health 
Adminiotra tion {OSHA)W tbt American 
Conference of Covommtntal Industrial 
HyiJienista {ACGIH), are booed on 
toxiCologic data but are Intended as 
acuptoblolov.tll for occupollonal 
rather than envitonmenialaxpoture. 
r ·her lovell, fuch .. tb-

ommended by tho Nallonal Academy 
icltncn fD Drinlcinl Watv and 

. >lth {1877) or ln_tbt U.S. EPA Jnltrlm 
I .. onary Drlnlclnt Wottr Standards. are 
moro closely roll ted to propoaad water 
quolity criteria. Emphasis II placed nn 
dotailina the baall for tho txioUnJ 
ttandards wherever pouible. 

Summaries of current levels of bumiUI 
expoture-, presented in thi' aection. 
opecifically addruo the suitability of the 
data to derive water quality criteria. The 
identification of opeciolsroupa at risk. 
either because of aeographical or 
occupal:ionaJ'di!ferences ln. expotu.re or 
biological differences in auaceptibility to 
the compound[•). locuoeo on the l.mpocl 
tbat tbue srour••hould bove on the 
developmenl o water quality criteria. 

The bul• Cor the recommended . 
criteria sectlon 1um.marl:es and 
qualifien11J of the data used in 
de .. :elopins the criteria. 

IV. Guidelines for Critt!rio Derivation 
The derivation ol water quality 

criteria from laboratory animal toXicity 
data is euentiaily • two·•fep procedure. 
First. a total daily intake (or humans 
must be estimated which establishes 
eithe-r a dertned level or risk Cor non· 
threshold effecb or • no-effect level for 
threshold effects. Secondly. as•umptions 
must be made about the contribution of 
contaminated watn and the 
con.sumption of fish/shell!ish to the total 
daily intake of the chemical. Tbes1e 
estimates are then used to establi1b the 
tolerable daily intake and consequently 
the water quality criterion. 

A. Non-Threshold Effects 

After the decision has been made that 
a compoun~hu the potential for 
causing cancen in humans and that 
data ex.iat which penn.it the- derivation 
of a criterion, the water concentration 
y.·hich is estimated to cause • lifetime 
carcinogenic ri1k of 1o·• 11 determined. 
The lifetime carcinogenicity rialc: is the 
probabillry tbat a penon would get 
cancer aometime in b..ia or her Jife 
Illuming: continuou1 expoaure to the 
compound. The water concerltration la 
calculated by using thelow·dooe 
extr1pofllion proctdw-e proposed by 
Crump [lljfl()). This procedure Is on 
improvement on the muJUttage low doH 
extrapolation procedure by Crump. at al. 
(1877). 

The data uaed for quantitative 
totlmoteo are of two types: {I) lifetime 
aulmalotudi ... ed [21 buman studies 
where exu11 cancer ri1k h .. been 
auociated with oxpooure to tht iaen~ 
In •nlm•lotudieo ills aooumtd. unltao · 
evidence txltta to tbe contrary, that If a 
carcinoaenic rupon11 occu.n at the 
don Ieveii uaed In tho study, tbtn 
proportionately lower rosponaet will . 
aloo occur at aD lower dooaa, with an 
lnddence determilied by the 
oxtrapololion model diocuNed 1M low. 

1. Choice of Model. 
There Is no reaDy solid ocientillc baalo 

for ony motbematicalutrapolatlon 
model which relatea carcinogen 

expoture ro cancer.ri•h al the 
extremely low levels of concentration 
that must be dealt With in evaluating the 
envirorunental h.aurds. For practical 
natant. 1ucb low level• of riak cannot 
be meuured directly either using anm:aJ 
experiment• or epidemiologic studtes 
We mu1L therefore. depend on our 
current understanding of tbe 
mec.baniamJ or carci.aogenesis for 
guidance 11 to which riak model to \.OS e. 
At the present time, tbe dominant \'1e~, 
of the carcfnogenlc ptoceu in,·oh:es :r:e 
concept that moat agenta which ca~..:sf! 
cancer abo caw.e irreversible dama;:_t- '·-> 
DNA. Th.i1 poaition fa reflected by if? 
fact that 1 very lars:e proportion of 
agent• wbicb cause cancer are also 
mutagenic. There fa reuon to expet:l 
that the quantal type- of biologtca: 
response tbat it characteristic of 
mutagenesis is associated with a JJ:--,~ . • : 
non-thre•hold dose-response 
relationahip.lndeed. there is substant,a: 
evidence- from r:autagrnuis studies w,•.h 
both ionizing radiation and w1th a w1de 
variety of chemical• that this trpe of 
don-responae model ia the 1ppropria :e 
one to use. Thia f1 particularly true a: 
the lower.end of the dose-response 
c;urve; at higher dotea. there can .bear. 
upward curvature. probab!y reflecl!r:g 
the effect.a of multistage processes on 
tbe mulasenic response. The linear non­
threshold do•e-rnponse relationship is 
also coru1'11tent with the C'!'latively few 
epi_demiological 1tudies o.( cancer 
responses to specific agents that cont<iin 
enough information to make the 
evaluaUon po11Jble (e.a .. rad.iation­
Induced leukemia, bre11t and thyroid 
cancer. •kin cancer Induced by arsenic 
ln drinldng water. and liver cancer 
Induced by alia toxin in the diet). Thrre 
11 1l1o tome evidence from ammal 
experimenta that l• consiJlent with the 
linear non-thn~bold hypothesis [•-8·· 
Uver tu.mora lnducad ln mice by 2· 

. acetylamlnoDuorene ln tholarae ocale 
ED.. study at tho National Cenler o! 
Toxlcol"'fcal ReHarch. and the 
Initiation otaae of tbe two-otose 
can:lnoaoneoia model In the rat liver and 
tbo mouse akin). 

Because It bu 1ba !Mo~ albeit limited. 
lldenlific baale of any of the cwrent 
matbematfcal oxtrapolotlon models. the 
llntar non-throallold model bu been 
adopted •• tbe primary baols Cor risk . 
axtropoladon to low levtlo or the dose· 
reoponie relatlonahfp. The risk 
aaaeaamaata IIUidt With this model 

· obould b. rqarded u conoervalive. 
repretentina tbe moat plausible upper 
limit lor lha rlak: 1 ••• the lnle risk le not 
likely to ba hfaher the tbe estimale. but 
11 could bt emaUor. 
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The tru~thematical formulation cboaen 
to ducribe: the linear. non-thre1hold 
doae·re•pon•e rela!ions.bip at low doaes 
ia the improved multiatage model 
dEveloped by Crurnp {1900}. T'hii wodtl 
employs etlough arbitrary constants to 
bt abll!l (g fit •lmo!t e-n~ JmmgtQni~lly 

. lncreuing da-.e-te1porue d•t• a.nd i1 
incorporates a pt~ure for ntimat:fnJ 
the Iargut pou!ble Unnr alope {ia the 
9S ~rcent confidence limit sente) at low 
exirapoiiiad doaet ihet 1:11 ~fiiliient 
with t.be d•t• at all don levels of the 
e);.perime.nt. For !h!! te!!on. I! may~ 
called a ''linearize.d" multistage model. 

2. Procedure of Low·Dose 
Extnpolaticin Based on Antma.J 
Carcinogenicity Data. 

A Delicription of the Extrapolation 
Model 

Let P(d) r~pr!!seni ilie lifetime ris;k 
(probability} or cancer .at dose d. The 
c:u.Uti$ta,ge model ha! L~e form 

q,;;Q. and i•O, 1. 2. ...• 1r 
Eq~.~;,·.~~:l~ntl)'. 

A(d).,.l-~ll:p [-(q,d+q,d 1 + p. +.qkd\j) 

( 
• nt~\ oto) A d) • r)U/ - r), 

l - P(o) 
it; the e)(tra risk over background rate at 
dote d. 

The ~oint e$timate of lhe coefficienLJ 
q,, I'""(), 1, 2. ..• , k. and co::1sequently 
the extra rbk function A{ d) •t any given 
dose d. lt calculated by rnaximizing the 
iikeiihood function of the dafa. 

The point e-aliroa1e and the.9S percent 
upper confidence limit of U'u: extra r'l-ik 
A{dJ arc ealculated by using the 
{:Om puler pro~m CLOBAL i9 
developed by Crump and Wat>on [1~7!1). 
Upper 9S percent confidence Umlta on 
the extra ri1k aDd loWer is; percent 
confidence Umi!J on the d.,.. produciJ>& 
a given iiJ.k are deie~ from a WS 
percent upper confidence Um!L q,•. oa 
p:tc::!~r qh Wheneve:- q. ¢0. :t lzr: 
do•es extra risk A( d) bu appn>xlmtlely 
the form A..(d)-q, X d. 10e.refore. q~Xd 
11 • vs _perceat up~t confidence UmJt on 
lhe extra ri&lt uu! Rfq,• II a 85 ptreoo>l 
lower ~ntid.ence llmlt oa. lh• dOM 
produciJ>& u exira ritk of R.IAII. be 
the ul.uiWwn v&luc Qf thelOf"lib.llhwd 
(w:>ct!on. The upper limit q, • It 
~letilired buy !n~u!n& q~ te ~ va!ua 
q, • such that when thrloa-llkollbood !J 
again ml.>dmlzed anbjoct ID tha fixed 
Y&Jue q.• Cor lhe lint! It coefficient. the 
re•ult!ni mul.mum value ol the lot· 
ilbUhood 4 .. taiies ihe equooon 
Z(l. -L.)•2.1tl554 ' 

where 2.7Q.5..54 is the cumu.lt.tive 90 
percent point of the chl·•quare 
dislribution with one degree of freedom. 
which corresponds to 1 95 perCent tipper 
limit (one~iidedj. "i'"'ui! a:pptoacll or 
computing the upper cooJidence limit for 
lhi!! I!X~ ri!k ArrU !1 an lmn!'n'I.'Pml!'nt nn 
!h; en,;;p; el ~1:(1977) mod;L !h;- ~-
upper confidence limll for the extn rlak 
ct.kulated at low doault a.h .. ·•ytllnea.r. 
TbJtlJ eoneeptu.ally conaisteitt witb the 
H!ltar nonibtt!i.hold COncepT d.isC'U.iiied 
earlier. The •lope q,• It taken a• an 
up p~r bound of the potency of the 
chemical in l;ldudng cancer at low 
doaet. 

In fitting the dose-re-sponse modet the 
number of terms in the polynomial II iJ 
chosen equaj to fn-1}. where h ls the 
number of do•e groups in the 
!:xperiment. L'1c.!udin.g th! control group. 

Wbenevu the multistage model doe a 
not fit the data_auffi.dently. data: at the· 
high eat doae La deleted a.nd the model il 
refitted to the rest of the data. Thlals 
conri.nue:d until an acctplabie iii to U:ut 
da1a is obtained. To determine whether 
or not-;; .fit i$ ;;:::c.:pl.:.bk the chl.·~quue. 
~:tatistic-.: 

h 
x2 • (X1 - N;Pj )2 

N;Pj \i- P;1 
l·l 

is caicuiated. where N1 il ihe number oi 
animaJJ ln the i~.& dose group, X. it the 
ournbo=r or animal;; in t.':le p• dose group 
wilb • tumor response,·P1 la the · 
probability o[ a fe•ponse ill: the it), doae 
group eaUmated by fit tint lhe multltttje 
model tb the data. and h iJI lhe number 

1 or nmaJnina lfPUPL 
The fit {J; deten:nlned lobe 

un&cceptii.bl• whenever eh.i·•quue [X!j 
itlaraer than the..cumul•tive W percent 
point rlf th~ dU-!quc!r. d!t!:ributlo-n wi!h 
I degroes of freedom. where I equals tho 
number of doN lfOUPI minut the 
number of non~uro muhiat..se 
coe fficfentL 

3. S.Jtetioa. u.ci Form oi Data uud t.o 
Eltiml.ta Pa.nu:attel'l' iD tlle 
~tr:po!&t!cc Mod:!. 

For aome che.mJ.cait. uveral ttudlea La. 
differenl •n!ma.I•MCI••· •tralDI.. and 
uxea each CCIDduC:tacl at hvtral dota 
and different IWift of e><pOSUnt IN 
available. A choice mllllt>cmadO u to 
which of lha dato NIJ from oavarti 
•tutlin an tG bw iii6d 15 ~ mod•Llt t. 
also nec:aa...,.to corroct lot matabol!tm 
d!.ffete~! bstweu •PKiu ud fgr· 
dl!fere.acea lD abt.orpliOD Via diff'ere.n1 
roc.tu cladminiltratioa. 11le ~ 
proceduree.llited below. tJHd. .lA 
ava.lu.aUoa these data .11'1 cont:iltent 
with the ettimate oi a maximmn-iikeiy­
riak. 

a. The tumor i.nddence data are 
alt!parated acCording to 0!'8&n 1ite-~ or 
tw:nor lfPe•~ ne aet d•t• (i.e~ dose aDd 
tumor !DddtDCe) u.a.ed in the model il 
Kt where th.i incldiizee li liiiilitically 
lignifica.a.tly hlgh~r than tb~ con trot for 
•• l~ut ont tnt dot-e lev eland/or . 
wheN the tumot incidence rate lho.,.,·li a 
Jtati.Jtlcally ~cant trend Wlth 
rea~ to doM Jevel. The data 5et wh.ic.h 
~Yet the hl.gbttt estimate o( lift time. 
eai'i:invgei"i..ii: .Uk q,• ii ielech:d in most 
c.A1et. However. efforu are maCe to 
exclude data .etl which ntod1Jce 
rpuriou•lfhlgb risk esrimaie:s because 
o! • •mall number of anima b. That 1s. i! 
two ae:tJ of data thow 1 ~oimilsr dose+ 
n1ponae relatio1:uhip and one h;;s a 
v~rt ;.mall ;ample ;ize. the •rl c! d<Jia 
wh.lch bn the la11er ump!e stze is 
•elected for calC'lllating the ca:-t::'H'8'1"~u: 
potency. 

b. U there an two or more da.!a tels a! 
comptnbie aiu which at'\! identic;,! 
with rupect to tpedes. strain. 1ex. ~nd 
tum.ur s.ite--s. \he ~oii.etric m-ean of q,•. 
utimated from euh of the!e data !ets i' 
\1Sed for·rillc. IUJeume.nt Th!i! e:eom~~=-le 
mea.n of numbers A •. A ....... A~ i' 
defint'd at (AlXA.X ... XA.,) 1 

• 

c.. U aufficienl data exist for t\\'O or 
more tig:nifican.t tumor lites in the ~:.a:::J.e: 
it"udy. the ilW'Dber of *llimal.:; wnE al 
least one or the •pecific tumor ,i~cs 
Y..r"Jdu !;Cm!.idt:r.tion,!.! ll!ed a! incJdeact 
dAta in the model 

d. Followinl the suggestion of Manit~ 
acd Scltneiderma.n ll97S). we assume 
that rng/turface tna/da.y Ia an 
equivalent dose between s~des, Sir.te 
to a clo•e approx!mttion the aurface 
~ree: i! p.."'pcrtlo!!d ta t.b.e: ~r-d.! 90w~r 
of the- weight u would be lhe cue Cor • 
perfect sphere. the expo1un: in mg/'"Jrds 
power of the body weight/day is 
tlmUarly corutdered to be .r1 equ.i\'alent 
expot;ure. I.n an animai ekptrimen:, th1s 
eqll;ivalent dote Ia computed in the 
follc~..~ .. 'i ~'4"': 
Let 
!.. =-d~~U= el .. --"'..:::::n.t 
~-duralioool._.. 
=- llYe1'Qt' dON pn d •r 1D =c d ll1ini 

ad:atiniltra'tioa of the aJEI'If {i.t .. durulg}.) 
W ·:~t:f wel.ahto! th• uperinwnlil 

Then. the Uletime IYitJ"&&e exposure i& 

d • le x at 

1..e x w2/3 
\Ofte!l ~mu !.M not aivm 1n Y.!lil! 

olq/day, aDd It be<omes neoe11ary to 
convert theJivea ow-~• Into rbg/ 
d1y. For exa.mpJe.lD most feedin& 
•~diet. expo•un ll axj)reued u ppm in 
the.dJet.. in this ca~e the expoaurt (rag/ 
day) il derived by. m•ppm x P X r 
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where ppm !1 par!J P"r million of the 
carcinogenic agentl.o the diet. F Ia the 
weight of the food consumed per day In 
l<gm>. and r l.a the aboorption froction. 

In the aboenco of any data to the 
contrary, r la Ulu.ml!d to b. one. For a 
uniform diet the weigbt of tho food 
consumed ia proportional to the calories. 
required. which. in tum. io proportional 
to the sur!ace.a~a or the ~rdt power or 
the weigh~ oo tho!: mappmxW"'Xror 

rn ppm 
" 

r-w213 
AI a result ppm in the diet !.a often 

assumed to be an equivalent exposure 
between apeciu. However. we feel tbat 
this Is not Justified oicce the calorieo/lcs 
of !aod ia oignificantly differenll.o the 
d.il!t of man va.laboratClry a.nim.als, 
primarily due to moisture content 
differences. Ins lead. we Lite an 
empirically deri•ed food factor. f-F/W. 
which is the fnction of a 1pecies body 
weight that It con1umed per day as 
food. We ute the ratet given below. 

...... ... -
- w 

!bu,, when the expoaure ja-Jiven as a 
certain dietary conce-ntration in ppm.. the 
expo1ure in mS/W 1 1 is 

m • pom x F • 
r x wZ/3 ~2!3 

ppm X fxW • ppm X f X WliJ 
w213 

When exposure i• given In terms of 
rng/ks/day•m/Wr-• the converJion il 
limply: 

rn • s x wl/3 
rw2/3 

Whon oxpoouro 11 via IDhalalloD. tht 
colculatlon of dooe e&n be coaa!dond 
for two co••• where (1) tho cardlloaanlc 
aaeotlto oltber a comploitoly -'­
aoluble au or an oeroool111d Ia 
obaorbod proj>ortiocolly to tho IDlount 
of olr bnathod lD. and (2) wharo tha 
cardnOJOD lo a poorly wotar..awblo JU 
which reac:hu an "''W!ibrlum betweea 
tho air breathed and tho body 
comparllllanll. After "'!ullibrlum Ia 
reached. tho rato ofabooJPliOD ofthuo 
aaenlll.a oxpactod to be proportional to 
melobollc rato, which lD tum l.a 
proportioaal to the rate of O"l'JJD 

conoumptloa. which iD turn lo a functiOIJ 
ofrurfacouu. 

ca .. I 
Agent.J tho! are ID the form of 

particulate matt or or Vlrlually, 
completely aboorbed gueo oucb u SO, 
can reuonably be e><pected to be 
ab1orbed proportional to the brealhl.og 
rate. !Ji thia ca1e the exposure in mg/day 
may be ex:prened u: m-lxvxr wbere 
I il !.nholotion tile P"r day In m'. Y l.a 
mg/m'of the aaeat Itt air. and r lo the 
absoJPUon froction. 

The lnhala tion raltl, L for varioua 
speciu can be calculate-d from the 
ob•ervation (FASEB. 1974) that25 sm 
mice breathe 34.~ Utert/day ond 113 8lll 
rot1 breothel05 Uten/doy. For mica and 
raiO of other weights, W. (expreued in 
kg). the surface area proportionollty can 
be used to detenn!ne breathica rateo (iD 
m'/day) u foUowo: 

For mice. 1•0.0345 [W /0-025)" 'rn'/ 
day 

For rat•.l-0.105 (W/O.ll3)"'rn'/day 
For humans. the values o( Z.O m 1/day • 

is adopted u a otandard breafhin8 rote 
[ICRP. 1977). 

The equiVIlect expoture in mg/W•'• 
for these •gent• can be derived from the 
air intake data in a way Ulalogout to 
the food intake data. The empirical 
factors for the 1ir intake per k.g per day, 
i-1/W b.lsed upon the previously a tared 
relationships. are u tabulated below: 

..... ... -
- .. 

Therefore. for particulates or completely 
absorbed Jasaa. the equivalent exposur-e 
1n rns/W'· • io: 

....!!_. Ivr • 1Wvr • 1wl/J vr 
W2/3 ii!TJ WZtJ 

In the abunce of empirical data or a 
oound lheorellcollll'JU!IIeat to tho 
contrary. tho friction aboorbtd. r. lo 
uowned lo be tho oome for all IP"dea. 

Casez 

Tho doH In mt/doy of partiolly 
.. olublt vapon lo proportionol to the 0, 
consumplioll whlcb Itt turn lo 
proportional IAI W" • and to tho 
oolubWty of poln body Ou!da, which 
can ba a><prtaaod u an aboorptlou 
~ff!dant r for tho .... Thorofare. whtll 
expreulnl the 0. conoumptiOIJ u O.•k 
W" •. wbarllt lo 1 conotant Independent 

1 Fro~~~~ ""J.u ·m•JDdatSOD oliM J.--.UouJ 
c:.o..t.aae ao hb ' l'ce' Ptalet::Uoo...,... 1. tM 
•nnrt brulhiae ,. .. 11.101 em• per f.k.ar Work 
dt.r ud J)(lO'.:a••u ~ 

oftpedet .. lt followa th.atm•k W 111 x v 
x r or 

d • ~·· kYr 

AI With Casel.ln tho aboence of 
experimeilt&J information or a tound 
theorellcollll'JU!IItnt to the contrary. the 
obiOJP!Ioa froctioD. r. l.a uaumed to be 
the ll&llle for oil •P"cito. Therefore. for 
these aubttance• • certain concentration 
in ppm or JAim1 ln experimental anima]s 
11 equivalent to the 11me concenttabon 
In bumana. Thio il oupported by the 
ob1enatioa that the- minimum alv!!ola.r 
concen17ation. ziecaaa.uy 10 produce a 
liven "etage•• ~f anet~etia. Ja •imilar in 
man and animalo (Dripps, tl al. 11177) 
\\'beh the llnimalt wen txposed via the 
oral roule a.ad buman expo1ure it Via 
inhalatfoa or v1ce·versa. the auumption 
ia made. unleaa then i• pharmacokmet.lc 
evidence to the contrary. that absorptlan 
ia equal by either exposure roule. 

e. J1 the duration of expenmenl [L.J it 
len than the natural life epa.n of the test 
animal (L). the olope q,•, or more 
generaUy the exponent g{d). it increased 
by multiplying a foetor (L/1...)'. We 
uaume that if the average dose. d. is 
continued. the age apecific rate of 
cancer will continue: to Increase u a 
conalant function of the background 
r•t-e.·The age specific. ntn fot humana 
increase at leut by t.be 2Dd poWer of the 
age and often by a considerably b.igher 
power. as demonotroted by Doll (1971), 
Thul, we would expect the cumulatJ ... ·e 
lunlor rote to l.ocreue by at leut L~e lrd 
power of age. Uting th.i1 fact, we assume 
that the tlope q.·~ or more aenerally. the 
e><ponen! l{d). would aloo inaeose by 11 
lea~t the 3rd power of age. AI a result. t! 
the olope q,• (or a{d)) il calculated ot 
ageL.. we would e>q>ect that if the 
e>q>eriment bod baen continued for the 
lull life spao. I. ot tho Jinn a•etoae 
oqooure.lhe olope q: {or a(dll would 
hne been htcreued by atleaot (L/L.I'· 

Thio odjua!Dientl.a concaptually 
conolltOD! lo tha proportional hazard 
model propolod by Cox (1117Z) and the 
t!me·lo-tumnr modal cono!dettd by 
Crump. tl aL {11177) whono the 
probability of cancor atqa I and do•• d 
II JIYtll by P{d.1)•1-oxp(-f!t)XI(d)) 

'· Calculation of Cuclnopnic Potency 
Bated on Human Data.. I! human 
opidemloloaY ltudlaa and oufficiontly 
Yalid expo1111N Information.,. ovolloble 
for the compound. lhly uo olwaya uaed 
In oomo woy. If thoy ahow a 
carcin"'enlc dfact. tho data are 
anoly:ed to J!ve ao Hlimote of the 
linear dai>"ndeace of cancer rates on 
lUttlme avetiJO dole. which Ia 
oquivolent to tht factor q, •. U they ohow 
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no carcinogenic effl!'ct when positivs 
animal evidence it available, then It iJ 
auumed that 1 riak does exbt but It is 
1mal!er than could have be~n obsened 
in the- epidemiologic study, and an upper 
limit of the cancer l.ccldence ia 
cal~:ulated usu.mlng hypot.ie:ticaUy lhlll 
\he true: incidence lJ just below lbe level 
or detection in the cohort ttudied. wb.i:ch 
i& determiD;ed largely by ihe cohort aize. 
Whenever pouible. bu.mu:i da~ are 
used in perlerence to animal biaanay 
data. 

In hum&n studies, the responte is 
measure-d i.n terms o! the relative ritk of 
the exposed cohort of individual!! 
coQJ.partd to the control group. In the 
analysis of this data, it Is auumed that 
tile e1tcess risk. or relative risk minus 
one. R.(X)-l, is proportional to the, 
lifetime average exposure. X. and thai it 
is the ss..me lor all ages. II roUows \.hal 
the carc::JDogertic potency· i1 equa11o 
[R[X) -1)/X mulup!ied by tlle li!etime 
riJk l!ll thalaite in the general 
population. Exceyt for an unusually 
well-documented human s!ud}', the 
coniideDce limit for the I!').Ce:.~ risk it 
not calculated. due to the dllficulry in 
accounting for the uncertainty i.nb~reol 
in the data (exposure and e&S'ICer 
anponael-

5. Calculation of Water Qual.tty 
Criteria. After the value o! q1• in (mg( 
kg/day)-• hu b .. n determi!lod. the 
lifetime riJk, P. from an average daily 
exposuu of x ~/kg/d•y l• found Iro11:1 
tbe equation P-q 1•x. Therefore. if the 
lifetime ri&k is &et .at P-10*1 for 
calculation purpoieS, the intake. LIn 
tt18/day for a 7(} kg Per• on can be- found 
by the equation: I-70XlO-'/q 1• 

The intake of the •seat from ambient 
water is assumed 10 come from two 
soun:.o"' (i) drinJtini an averaae of z 
liter. of water per day, and (2) inpatinc 
an average ofe..s sratn.J of fitb per CS.y. 
&c.ause of accumulation ofrnfdue• la 
wb, the •.mount of the pollutant In ftlh 
("'8/ka of edJbleliab) b ~Qual fo a foetor 
R timea the wa1er concentnUo.D (mJ/kl 
of w.ter}. Th.e:refort. the total intake J 
can be 1¥1irtec 11 JWD ol two Ierma: 
l(mg/dayJ-C(mc/I)XR{IJ\1 
ftoh) xo.!I085 q fiab/da:r+C!mc/1 xzl/ 
day-C(H0.0065R) wbt,.Cit tho 
water coacentratfon in m,/L Therefore. 
the water concantnt!OD In rnaiJ 
co ..... pocdina to. U!dme ruk or 10"' 
for a 70 kc penon it calculated by the 
formula: 

c - 70 X 10-5 
a1*ll + o.M65 R) 

B. Threshold Effi!Cis 

1. Use of Animal To>dci!y Oat• {Oral). 
ln developing ,Wdellnea for derh·ing 
criteria b&:Jed on Elnncarcl.nogf!nJC 
response•. five types or ~•pon.n leveta 
are cootidered: 
NOEL-No-obsetvtd-E!tect-Level 
NOAE.lr-No-ObtHVN·Advene·Eli'•ct·Wvel 
LOF1,-Loweat-Ob&ervtd-Effact·Lavel 
LOAEL-Lawt•l.OhtlfO'Iii·Adveru·EfJ•d· 

Lev'l 
FEL-f~ru.-Etr~ct-bnl 

Adver1e effe-ctJ ue defined u a.ny 
effects wb.ich ruult in functional 
impairment ind/or p•thologic:a1lesioru 
wruch may affect the performance of the 
wbofe organism. or which te:duce an 
O'lj:anism·~•bility to resPond to an 
addJtional challenge. 

One of lhe major probletna 
encountered in contideration of these 
concepts regardc the reporting of 
"obs.erved effect Jevels" u contnsled to 
"observed adverse effect levelt.". The 
lermii ··adverae" va. "not adverse" are It 
times sausfactorily defmed. but due lo 
intrn~tingly sophilticated testing 
protocols.. more tubtle ruponse5 are 
being identified. rea.ult:ing in a n'eed for 
judgment r~garding the exact defillition 
of .adYU&ity. 

The concepts listed above {NOEL. 
l>OAEL LOEI.. LOAELJ have Ntceived 
much attention be-catue they represent 
landmarks which help to define the 
threshold region in tpeclfic expe.rlml!!nts. 
Thus. if a single f;Xperiment yields a 
NOEL • Jo;QAEL o LOAEL and a· 
clurly de-fined FEL in rtlati.vely cloaely 
apaced do1u, the threshold region h11 
been relatively wen dttfined; luch dat& 
are verr uteful for the purpoae of 
deriving a criterion. On the other hand. a 

· cl..,rly defined FE!, hu little uttlity iD 
eat.lbli•hf.ne crfter'f.t when it tl&nda 
alone. becauae auch •level afves no 
lndlcation bow f.ar :.moved the dato 
point it from the thniahold ft1{on. 
Similarly, o freo-atuulliiJ NOEL bu 
Uttle utility, becauae thtNt Lt no 
Indication of Ita proximity to the LOEL. 
tlnce a fr .. -ataDdiiiJ NOJ!L may b. 
many orden of moan! tude !>.low the 
thnobold rqfoa. 

Bued on ihe above do••re•poDH 
claulllcatioa l)"lom. tho foUow!aa · 
rutdelinu for derivlna aitorio bave 
b.o:n adopted: . 

a. A &.e-atan~ FEL b IIDtuitobl.t 
for tho deriva ~on ol criteria, 

b. A frH..atan~ NOEL Lt UIIIUI~bla 
lor the dtr!vation ol aitorla. lJ muiUpLt 
NOEI.o are avaliablt wlthoutaddJUonal 
data on LOEI.o, NOAEL.o. ot LOAE!.a, 
the higbeot NOEL &hould b. iooed to 
derive 1 Cntcrfon. -

c. A NOAEL LOEL. or LOAEL can be 
tuJtable lor aitori.a dtrlvtUoa. A wtU· 

defined NOAEL from a chronic (at leut 
llO-ilayJ ahJdy ma7 b. uoed dir..:Oy. 
applying tho appropriate uncertainty 
!actor. For • WEL.. 1 tud.gment need• to 
be made whether It actutlly corre:spoodt 
to a NOAEL or a LOAEL. ln the ca1e of 
• LOAEL. a.a addltioul uncertainty 
foetor !a applied; the maiJUtude of tlle 
additional !llltertalnty factor Ia 
judgmen1al ud thould Ut In the range ol 
1 to 10. Ctution muat be exercised not to 
1ubatitute "Fnnk~Efftct·Leve-la" for 
.. Lowett-Qbaervable·Advene-E.fftcl• 
Levela ... 

d. U lor r .. aonably clotely apeced 
doaeo only a NOEL and a LOAll of 
equal qUaliry are •vailabl~. then rhe 
appropriate l1n:Certainty· {actor ia appl1rd 
to the NOEL 

ln Ulina thl• approach.. th~ selection 
and juatification ofunCer1ainty factors 
ue critical The buic definition and 
guid~lines for using uncet1ail'lty factors 
b.u been given by the- N•tionaJ 
Academy of SciODceo (1977). "Safety 
F&ctor" or "Uncertainty Factor" Js 
defmed at • nwnber th•l reflecu the 
degree or amouol of unce-rtainty lha I 
mu't be conaidered when experimtn1a1 
data in animals are extrapolated to man. 
When the quallty and quantity of 
experimental data IJ"e aatiaf.tctor)·, 1 
low UDctna.i.nty factor 1.& uaed: whee 
d.. Ia .ia judged to be iDadequate or 
equivocal. 1 lUJ.er uncertainty factor i• 
u.ed. The Collowing ceneraJ guideiine1 
bave been adopted in establishing the 
uncertainty !acton! 

a. 'VaUd experimental reault1 from 
Jtudiea on prolonged J.na:eltion by man. 
with no lnd.it.IIUon of cucinogenldty. 
Uncertainty Factor-tO 

b. Experimental r.oulta of tludirt of 
.buma.a i.n,cettiou not available or tnnty 
1•·1· acute oxpooure oolyJ With valld 
r.aulto of IODI-IcnD !Hdina tludltt on 
oxperimentallllllntall. ot In tho a boon.:. 
of human otudloa. valid animal atudiea 
OD one or more lpHiu. No indic:.aUon of 
carcinopnlcity. UneorWnty Factor-tOO 

c. No !oJ>a.tarm or acuta human data. 
·Sc&.aty roaulla oa u;>er~mantallllirnalt 
with no lndlcailoll ol cuctnoaenicl!y. 
Uncertainty Fa <;tor •1.000 
Coaatderabla Judlmoat mu.t b. uaed In 
Mlact!Da tba lpllnlllriataaa!oty facto,. 
for doriv!na a critarloa. Ia thote caua 
whmt tho dala do not completely lulfill 
tho cozadl~oci for- calafoiY and 
appear to b.lntarmedlata b.twoen two 
cafeiOr! .. ..; iaicmedla1a uncer!alnty 
factor Lt und. Such aalntormediate 
=-11 !actor may b. developed 
baaed OD a ~thmic acaJe (a ... S3. 
boq b.alfwaJ tiatwoen tG and 100 on 1 
loaar!lhmic ocalt~ 

In dotanuiDiQr tba oppn>priate oae o! 
the unurtalnl)' (.teton, tbe pbri..tt "'lo 
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indJcation of carcinogenicJty'' is 
interpreted aa the 1bsrnce of 
carcinogenicity data from animal 
expe-ri.menlalltudiu or human 
epidemioloiiY. Available ohor!·!erm 
carcinoge-nicity Jcreenina tests are 
reported In the en feria documents. bu\ 
they .are not used either for derivation of 
numerical criteria nor to rule out the 
uncertainty factor approach. 

S.cauoe of !he high degree or 
judgment involved i.n the aelection of a 
safety.factor. the criterion denvation 
nction of each documenlshou!d 
pro\·ide a detailed d1Jcussion and 
justification for both Ole tel-tction of the 
ufety f•ctor and the data to which it is 
applied. Thia discu.uion ahould re.Cect a 
crltJcal review of the available data 
base. Facrort to be considered i.ncl:.tde 
number of animals. apeciu. and 
paramerrn tested: qualit}· of controls; 
dose !l!'vels: route: and doting tchedu1es. 
An effort ohould be made to 
d1fferrntiate between resulls which 
con!titute a tox.icologica!!y tufflclenl 
data bue and data which may be 
JpU11ous in nature. . . 

2. Ute of Acceptable Daily Intake 
(ADI). For carcinogens. the as_sump:.io:1 
of low dose lini!arity precludes the 
neces~it)' for defining total exposure in 
the ntimalion of incrnsed incremental 
risk. For non·carcinoger.s. ADis and 
criteria derivecftherefrom are calct.:!ared 
from total exposure data that include­
contributions from the Wet and ai.r. The 
equation uud to derive"lhe criterion (C} 
iso C-ADI-[DT + U..l/[21 +(0.0065 kg 
x R)] where 21 it assumed daily water 
consumption, 0.0065 kg it auwned daily 
fish consumpl!on. R it bioconcentration 
ractor in units of 1/kg. DT ~~ estimated 
non.-fi•b dietary intake, and IN it 
est1mated daily intake by inhalation. 

1! eotunates of L" and DT c.onnot be 
prov1ded from experimental data, an 
oiSSumption must be made conce_mlniJ 
Ia tal expo1ure.lt is recognized that 
•Hher t.he inabili!y !o es!imate DT and 
L~ due !o laclr. of data or the wide 
variability ln DT and IN in different 
o!a!eo may add an additional element of 
uncertainly to !he criteriOil formulation 
proceso.la Ierma of ocientific vaUdlly. 
!he accurate utimata oftht Acceptable 
Daily ln!ake ia the major factor ln 
aati.-factory derivation of watu.quallty 
aiteria. 

3. Uoa of Thnshold Umit Value• or 
Animal lnh&la Uon Studleo. Thraohold 
Umlt Valuaa fl'l.Vo) artt titablisbed by 
!he Amaric&ll Collieroaca of 
Covemmeaul and lrulllltrial HyJiinioll 

. (ACCIH) and roprestntl-boui time. 
weighted avera,e concentrations in air 
t.ha! are Intended to protec! workero 
from varloua advane health efftcll over 
a normal worltins lifetime. Similar 

values are se! by NIOSH [cri!eria) and 
OSHA {otandard•J for 10· and B-hour 
e";msUJ"es. rupectl\'ei>· To the extent 
that thete value! are based on tound 
1oxicologic aneuments and bave been 
protecti-ve in the work environment, they 
provide uteful tnfonnalion for deriving 
or evaluating water qua:ity criteria. 
Howc·ver. each TI.V m;.;st be care-fuHy 
examined to determine if the basis of 
the nv con taint data which can be 
used directly to derive 1 water quaUty 
criterion u!il')g the uncertainty f&ctor· 
approac!-1. In addJtlon. the hi1tory of 
each nv must be examined to assess 
the extent to wh.kh it has assured 
worker ufety. In each case. the types of 
effects agaimt which TLVs are designed 
to protect are examined in tenns of their 
relevance to expoJure from water. It 
must be demonstrated that the chemical 
IS not a locahzed imtant and that there 
is no sigruficar.t efrect at the site of 
entry irrespective of the routes of 
exposure (i.e., oral or inhalation}. 

If the TLV or similar value is 
recommended aJ. the basis o£ the 
en tenon. consideration of Ute above 
po1nts is explicitly 1tated in the criterion 
deri,.-ation section of the document. 
Parric:..t!ar emphasis it placed on the 
qua!Jty of the nv relative to the 
•'•ailable toxicity data that normaUy ia 
given priority over 11.. Vs or similar 
estabhshed valuu. ((then V can be 
justified as the basi! for the cirterion, 
then lht problems auociated with the 
estimation of scceptablle' oral do-su from 
inhatalion da!a must be- addressed. 

Estimating equivalenciu of doae· 
response relation,hips·from one roule of 
exposure to another introduces an 
addit!onal element of uncertainty in th_e 
derivatio-n of criteria. Consequently. 
whenever possible, ambient water 
qualily criteria should be based on data 
involving ora) exposure:~. if oral data are 
lntuffldent, data from other rourea of 
expo•ure may be uaefufm the criterion 
derivation proceu. 

lnhalotion daJa.lncludini nv. or 
aimillf values. are the moat common 
alternative-a to o:ral data. F..atimatea of 
equiv•len! dooeo c•n be based upon: (1) 
available pharmacokinetic data lor oral 
and lnh•lation rou!et, (2) meuurtmtnll 
of absorption efficiency from ingeoted or 
lnh•led chemJcalo, or (3) comparative 
excretion data when the uoocia!ed 
metabolic pathwaya are equivalent to 
thoae followina oral insutioft or 
lnhalaUon. Clven !hat oufficlenl 
pbannacoklnetic datil are available, !he 
UJe of accepted pharmacokinetic mod1l1 
provide• tho mo•t uUsfactory approach 
for dose conversion I. However. ii 
available pharmacokinetic data are 
m~rginal or of quulionabre quality, 

pharmacokineUc· modeling io 
ina ppropria re. 

The Stokinser and Woodward [1958) 
approach. or timilar tnodelt based 0:1 

anumptionJ of breathing rate and 
absorption efficiency, repres.ents 
pouible alternative• when data are not 
tufficient to juatify pharmacokine-tic 
modeling. Such alternative approaches. 
however. provide leu aatis!actory 
approximttlor.t because- they tre not 
based on pharmacokinetic data. 
Conaequenlly, in utin8 the Stokinger 
and Woodward or rela!ed models. th~ 
uncertainties lnherent in each o! t~e 
a.uumpUon.s and thle' basis of each 
auumptlon must be cJearly stated m the 
deri~ahon of the criterion. 
Th~ UJe Of data pertaining to Other 

routes of expoaure to deri...-e wal~r 
quality criteria may also be considered. 
As Wl1h inhalation data. an altem~Jt IS 

made to use accepted tox.ico!og:c a:1d 
p~annacokinetic pnnciples to cs~:mate 
equivalent oral do-ses. U simphfymg 
auumptlons are used. their bases and 
limitations must be clearly •pec1fied. 

Because of th~uncer1amt1es invoh,ed 
in extrapolating from one route of 
expo!.ure to another and the consequent 
limitations that 1his may place on the 
derived criterion. the decJSion to 
disallow 1uch extrapoliil!on and 
recommend no criterion is h1.ghly· 
judgmental and musl be made 0:1 a c:~: 
by·case basil. A decis1on for or agamst 
criteria derivation must balance the 
quantJty and quality or the -1\-"&tlab!e 
data mgalnst a p-erceived risk to the 
human population. 

If tho S!okin1er and Woodward 119581 
approach It tJsed to calculate an ADI 
from a nv. the &eneral e-quation is: 
ADI~nv·xBRxDExdxA,I(AoxSF) 
where: 

-ADI•Aceeptable d•il}· Intake ir. mg 
nv-concentntion ln air in tnlfm~ 
DE• Duration of exposure 1.11 bo~as per day 
d- 5 da)·t/7 day a 
A,. • Eff•ciency of absorption from air 
Ao•£l1ldenqr of ab1orptioa from oral 

expoture 
SF• S•ftty factor foUowi:J.a JUidtlines li\·en 

above 
BR• Amount of air bnathed per day: assume 

tom• 

For derivlnl an ADI from •nlmal 
toxicity data, the equation ia: 
ADI-c.xo,xdxA.xBRxro kat 
(BW.xAoxSF) wber,e: 
AD I· Accoplablo daily in,.h In '"I 
c ... - Conc.ntraboa: in ait 1D mJfm• 
D1 - Durttion of exponre in hourt per d1y 
d• Number of dayo txpoNd/nwnbn of day a 

oburvtd 
A, • Efficiency of abtorption 11om 1ir 
BR • Volumt of tit brRtthed per dty i.n ro.J 
10 kt•Anu.mtd .bu:m.an body weiaht 
BW .. • Body wei&hl of ex~nmP.rH•Ianimala 

in •• 
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1\.o•'Efficl•ney of abforption fr-om ort..l 
expot~ 

SF• Safety fae10f foUowin.Jlifdtlind etve1:1 
above. 

. MoMf formal pha.rmacokinetic mcde!.s 
must be develope-d on a comPQund-by­
compound bni1. 

Jt 1hou.ld be noted that !be u.r~ty 
facto~ used in the above- forr;nul•e are 
intended to account for tpeciea 
variability. Caraequently, the~/ 
surface ana/day conversion factor I.J 
not used in the derivation of toxlclty 
b•sed criterion. 

C. OrganoJ~pt.ic Criteria 

Organoleptic critrria. define 
concentntions of rria1ericl• which 
impart undesirable tule and/a.r odor to 
watu.l.o developin, and utilizing such 
crHeria. two factors must be appreciated: 
the Jimitationt of most organoleptic data 
and the. huma..n bulth significa.oce of 
organoleptic propertie-s. 

The publication• which report ta.ste 
and odor thresholds are. with very few 
exceptions. cr)'phc in their descnpliont 
of test m~tbcdo!ogieJ, number of 
.subjectt tea led. concentration. response 
relaHonshipa, and temory 
characteriatics at 1pecific 
concentrations above- threshold. Thu1, 
the qualiry r;,( oraanoleptic dati it often 
aignificantly len than that of toxicologic 
data used in eatablithing otber aiteriL 
Consequent.Jy, a critical evaluation of 
the- available organoleptic data muat be 
made and the selectiOn of the most 
appropriate data base for the CJ"llerion 
musl be hued on JOund Jc.ienli.fic 
judgment. 

Organoleptic aiteria are cot hued on 
tox.ioologic informatica aod hne no 
direct nlation1hip to potential adverae 
human health effects. Although 
aumcientJy inteo•e orsanOieptic 
charactJtristics could result in depreued 
Ould Intake whlcb. in tum. miaht 
aggravate a variety of functional dl1ean 
atatea (l.o.lddney and drculotory 
dinasea}. aucb efrecta are not UNCI in 
the derivation proe••• of o,.onoloptic 
criteria unlen ava1labJ1 d•t• wouJ:d 
indiuto Ill indlract human hulth elfoct 
vio decreued Duld conaumpllou. 
criteria derived aoJely from oraanoleptlc 
data are bued upon ~tlthetic qualities. 
only. 

Since orti.DOiopt!o 1nd hu.m.an haalth 
elfecll crit•rla an bued oa<lme'""t 
endpo!nta. 1 dlatlnct!oa muat be modo 
between the10 two uto of lll!ormatloa. 
In criteria oumm&rioolllvolvlnj both 
type• of data, tho foUowlna format Ia 
used: 

For compa!Uoa ~two approac.h" 
were und to dtrlve c:rllltrion Jrvelt fot" 
---Sued oa a•a.J.Iable toxidty·d.ll&. 
for the ptolKtioo of p~blic hulth tha dtf'i~ 

}nell• -. UJinanaibbl• Ofi&noleptic 
data, for con1rolUn,: undninbl• Iaaie aDd 
odor quality of ambient water the tstil:Dited 
le\·el iJ --.It ahould h. ncoanind that 
Ofiano!eptic data u a ba.11S (or utabUah.i..na: 11 
,..·ater quaUfy critl!ri.a llan no d@"~onstrated 
r~lalionai-Jp to potrndaJ adver-te human 
health etfe-cu. 

Io those iNl.a.rlce• where • 1eve1 to 
limit toxicity cannot be derived. the 
foUowir..g 111.1ement II to be 
ap-propriately iruerted; 

Sulncient dat.a tr. not a\•ailable for 
---to derive a level '1'\'b.ich woula 
pr-oltc.t a1a1.1Ut the po~nll.l.ltoxjcil)• of thia 
compollDd. 

D. Crite-ria for Chemical Class~s 

A chemical clau it broadly d-efined u 
any group of chemical compounds which 
are- rey}ewed ln. a single ri»k aue_samect 
document. In criterion derivation. 
isomers ~;hould be regarded at a pArt of 
1 chemical dan rather than u a tingle 
compound. A class crllerion is an 
~stimate o!ri.sk/&afet}' which applies to 
more than one member Of a class. II 
in\•olves the use of ava.iJable dat" on 
one or more -che~icals ·or a c.lau to 
de:-i\'e criteria for other compounds of 
the -same clau in the e\lent that there 
are in!ufficient data a~·a.i.lable to derive 
compound·apedfic criteria. 

A clan criterion usually appl..ies lo 
each member of a clan rather thi..D. lo 
the cum or the compounds wi!.h.in the 
dau. \\'hile the· potentiAl hazard• of 
multiple toxicant e"Po•ure are not to be 
min.in:ii.zed, • criterion, py definition, 
most ofte:o applies !o AD individual 
compound.. Exception.a may be made for 
complex mixture• which .are produced. 
released. and tox.icolOJ]c.ally luted •• 
m..ixture•-(e.g .• tox1phene and PCB1). For 
1uch exceptiona. 10me attempt il made 
lo auuS the effect. or environm.enlaJ 
partillonllla (I.e. different patterns of 
environmental tnn..pot1ud 
devodatioo) on tho vllldity of. the 
criterion. II theN eUrcu cunol be 
alnutd.. &D ap"propriatl ar..tament or 
uncertainty aho.wd occompmy tho 
criterion. 

Since relatlnly minor otructllral 
changes within • clue of compaunda 
can ha\·e pronounced eUecll on their 
bioloJical activltieo. rellaace on clua 
crilerla ahould be mlnlmlud. Whmt­
oufficlent toxloolollc data an ovallablo 
oa a cbomlcal wilhiD • clau. a 
compound-e~c criimon abould be 
derived. Nooethelt1o, for tome cbamlcal 
cluou .. ICion111!c fudpeot may ougeat 
I tWflclenl deJ!'Ot of aimllarlty IJD""i 
cbomlcala withln a clau to ju.otlly o 
clau critorioo oppllcoblo to 10011 of oD 
memben of • cla••· 

The developmt'nl or. dua a11erion 
takes into con.aideration tha followi..nl: 

1. A dttailed rrvtew of l.bf cbtm1c.&l and 
pbyaiW ~u-or c:h~tm..iea.IJ Wltlun tbt 
VOUP sbou.ld be mad41. A clott rtlatios:ah;p 
wilhla th da .. with reapect I.e chem.ic.al 
•dtlvity would au,c:pat I $lm.il.tt polenta! to 
r .. c:h eommoll bloJ.osical•itu ~ithtn tis:mn 
J...i.kewt•e. timilarUpid IJOiubthliU would 
•uaest the poulbll.ity of Cotnpuablto 
abtorptioa eoc! tiane dj1tnbunon.. 

.%. QuaJitaave I.Dd quanti !a bY! d.ala fot 
cbemlcab wttb..tD thesroup ll'l!! txl..nlJDed 
Adc-qucle l.o~losie dlta on a TJw:abtr of 
compound. wltluo a ,roup prov~ei'u a mof"'l! 
reuonable bua £o~ e);;b"apollbon to oL\r-r 
chemical• of th• NJtl~ clln than miru:na! 
data on one charnica.l or a few t.h-rtr,JcaJ, 
with.in the JrOUp. 

3. Slmilarlti.ea fn tl!e natu!"'l' of the 
tox..icolostc mponat lO c.bemu:ala tn the cl.au 
provide• additional n1ppor1 for the pred.H:tlD.rl 
that lht tupocM to or.her mtmbtn of the 
clua m•y b. ai.Jnlla.r. ln cootruL where ti-.r 
biological retpontl! baa bun tho~oo-n ~o d.!iet 
marlo:.edJy o.o. a qualitata'e and quar!lt.lf.l e 
ba111 !or chemicalt. within • clau. the 
ext;apolati.on of • criterion to other ~t!l:!be.'"S 
of thai clau u DO~ a.ppropnale. 

4. Ad.dlt1on.a.l 1uppor1 (oi the nl!d:~} of 
e:xtrapolabon of • [7\~rion to other ttttebets 
of a c:l1n could be provide:! by !VIdence o! 
aimllar metabol..ic and phar:r.w:o~r:etrc rlata 
for tomt rnembt-n of the cltu 

Based on the above considerations. it 
may be reaaonable in some cues to 
div1de 1 cllemical clau into various 
subcla.ues. Such divi.Jioo.s co-uld be 
based on biological endpoinil [e.g_ 
carcioogen~/noo--cucmogens), pote~c}. 
e.nd/or sufficiency of data {e.g .. a 
criterion for J:ome memb.era of a class 
but no aiteriou for orhns).l-\'hile no a 
prioril.imit.t Ci.D be placed oo tb«! exte:1t 
of •ubclauifica.tion. each 
subduaification mwl be explicitlr 
ju.atified by lh• available dttL 

Clu• crifeti1. if properly derivf'd and 
1Upported. can conatitute valid acientlfic 
••n••meatl or potential ri•k/tafety. 
Coovett:ely, the development of .. • clus 
criterion from ulnaufficient dat. bas! 
un lead to Mrioua arron izt 
undertatlmatiJ:la: or overeatimaUns nsk/ 
aalety llld ohould be riaoroUJ!y avo>ded. 
Althoup ICieotllic judpontlao a 
propor role in 1ht devolopm,enl or cia .. 
crlteriL aucb crltoria are uuful and 
defeDJible Oll!y il they &11! based o~ 
adequate data and acientilic reucri:ung. 
Tbe de!la.I.Uo11 of auflicionl data on 
olmllaritieo ill phyilcal. cbemical. 
phannacoldnet!o, or toxicoloaic 
propertiao to Juotlly a cla11 criteriou 
may VlJ1 marktdly dopen.U., oo.the 
d ••• of atruclufal olmilarity and the 
J!'Ov'ltyof 1ht porcalved n.k. 
ean .. queotly. It it lmpenotivo that th• 
criterion d•rivetioa MCtioa of each 
documeat iA which • cla11 crittrion Ia 
recoDUilended oxpUdty addn11 each of 
the k~ty Juuet d.iJcuued abo'w't, aud 
dermo, ai clearly u p., .. ible, the 
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li.mJtat:iona of the p-ro.posed criterion 11 

weU 11 tbe type of dtta nl!eded to 
senerare 1 compound·tpecific criterion. 

A tlus aiterion ohould l>e abandoned 
when there It tufncienl dat-. availabe to 
derive a comJ)ound·tpe-ciflc criterion 
which protect• •s~inlt the biological 
e£fecl of primary concern; e.g .. the 
availability of a good 1ubchronic 1tudy 
would not necessarily resuJt in the 

. abandonmenl.ofa dan citerion based 
on polentialcarcinoaenicity. 

Tbe inability to derive a valid dan 
criterion doet not, •nd ahould not 
preclude regulation or. compound or 
group of compound.! bated on concern 
for potential human health eflecl$. The 
failure 1o recommend a aiterion i' 
1i.mpJy a atatement that the degree of 
concern cannot be quantified ba1ed on 
the available data and risk aasenment 
methodology. 

E. £$$tmtial Elemt!ntS 

Some chemicals. particularly certain 
metab, ue euenuaJ to biological 
organiamJ at low levelt but ma)" b~ 
to :tic and/ or carcinogenic at high levels. 
Becaull! of pohmtJal toxic effecu. it is 
Je1Himate to eJtablish criteria for 1uch 
euentia) elemenh. However, criteria 
inu1t -conJider essrntiality and cannot 
be eotabliahed at Jevols which would 
result in deficiency or the element in the 
human population: 

Elements are accepted •• euentfal if 
listed by NAS Food and Nutrition Board 
or a comparably qualified panel. 
!Iemen It not yel determined to be 
euenti•l but Cor·which supportive data 
on eueotia.llty exist. need to be further 
reviewed by ouch a panel. 

To modify the lol<icily lll!d 
carcinogenidty bated criteria, 
eaaentiality must be quantified either u 
a '"recommended daily allowance" 
(RDA) or "minimum daily requirement" 
(MDR). These Ieveli are then compared 
to eatimated daily doses usociated with 
the advene effect of primary concern. 
The d!Herance betwun tho RDA or 
MDR lllld the daily doou ca ... lnla 
1pec1Jjed rilk level lor can:lnopno or 
ADI• for non-arclnopM deflriu the 
oprud of daily doaes frolllwblcb the 
criterion may be dorivtd. Bocauoa trroro 
ue inherent in dtfinlna both usonllal 
aad maximum tolarableltvalo, the 
piterion II dori"d frOm doHI.vtlo 
nen th. canter of 1ucb a doH range. 
The doc!sion to uso aithar the MDR or 
RDA li,.Udod by tho •pntad of the 
doseo aad tho quaUty of tho HaonllaUty 
and toxicity 11tlma tu. 

The modification of aiteria by 
con~tdoroUon of ouantlality muot take 
ultO accoWlltll routes ofexpoaure. If 
water Ia atllnlficantooun:o of !he MDR 
or RDA. the criterion muat aUow for 

aHainmenl of euential intake. 
Conversely. even when eS!entiality may 
be a trained from nonwater tources. 
1tanda.rd criteria derivation methods 1 

may be adjusted If the derived ail orion 
represents a small fr•ction of the AD1 or 
MDR. On_. case-by-case buit. the 
modification in thl! use of the guidelines 
may include the use of different tafety 
lac tort for con-carcinogens or other 
modifi.catioos wb.ich can be explicWy 
juatil1ed. 

F Us~ of b. is ling Standards 

For aome chemical !I_ for wh.ich criteria 
are to be establi!ihed. drinking water 
standards already ex1st. These 
ttandards represent not only a c.ritica·l 
a.ssessment of literature, but also a body 
ol human experience- since thfir 
promulgation. Tberefoa. it b valid to 
accept the existing Jtandard unless 
there is compel!1ng evidence- to the 
contrary. This decision should be made 
after considering the ex.isllng 11.ndardt 
vs. new scientific evidence which bu 
accumulared since thl! standards ba\le 
been established. There are 1everal 
instances where the pee-r .review proceu 
recommended usage or the present 
drinking wate·r standards. 
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Appendix D-R••ponM to CommeotJ on 
Guideline• for Derivlc1 Water Quality 
Criteria for the Protection ol Aquatic 
We and Its Usn 

Introduction 

Two versions of the Guidelines we~ 
publtahed i..n the federal ReKiller for 
comment The fu-at venlon {43 FR 21506. 
Map e. 1978 and ~3 FR 29028, July 5. 
1979) wu tim ply published for 
comment. The 1econd (44 FR 15926. 
March 15. 1979) was pcblfshed u part of 
the request for cor:uneni.J on the water 
quality criteria ror 27 of the 6.5 
pollutants. The second version was 
meant to be dearer and more detailed 
than the flut but very almHar 
technically. Since the two versions were 
so JliDilar. comm~nt. on both wtU be 
dealt with simultaneoualy. 

Many commenlt were received thlt 
no drsf1 water quality citeria for any of 
the 65 pollutants abould have been 
iuued for public comment until the 
comm:ent5 on the firtl venfoo of tbe 
Guideline• b&d been dull with 
tdequ&tely and tht Guldelinu chansed 
appropriately. The commentJ on the f1nt 
vert ion were read and the Guidelines 
were reviaed in an attempt to make the 
aecond vert ion cleiJ"'r and more 
detailed than the flral However, At~ 
extentlve revialon or the teclmJcal . 
content of the CuideUnes wal not 
attempted between tht firll and tecond 
veniona be-caun the J\aeney wn 
pttparins -ltr quaUty aiteria baaed 
on the Guidelines. The Aaency could 
hove avoided thia aiUclam aimply by 
not pubU.hln& any venion of tilt 
Guideline• (or COI)l!Dtnl unlll March 15. 
1g7;, but thlt would bavo .,..auy 
reduced tho lt!lllh of lime ovtUable for 
poople to contldor the Culdolinot ond 
commeat on them. M n waa. 10me 
people commented tl!tt tho comment 
period llll!ounced on March 15. 1V78, 
wu too abort. 

1. Commeni-The procedures uted to 
derive criteri& in the "Red Book" were 

upheld in cowi and probably obould •tin 
be Utecl 

Reaponte--The- procedure• us~d in 
the Guidelinea are similu to 1ome of the 
procedure-a uud to develop criteria in 
the'"Green Book"'. "Blue Book", and 
"Red Book". The Cu..idelines are 
dealgned to be more obje-cb\"e and 
ayatematic. 10 deal more adequatelr 
witb ruiduet. and to incorporale thl! 
concept of a minimum datA base. 

.z. Commenl--crtteria ahould be 
compUationa of aitically reviewed dat.a 
wilh _no aynthetis or interpn-tation. 

Rupon•e-Ne!t.ber P.L 92-500- cor tlie 
Content Decree specify the form wh;c!:. 
a aiterlon m11at take. The Conse:1t 
Decree {pua. 11, p. 14-} 1pecifiea that 
1ucb criteria "1hall atale, int~r a.'1a. 
recommended maximum p~rmis5l~lt 
concentrations". Adequat~ precede-nts 
have been lei i.n the "Gr~en Book", 
"'Blue Book'', a.nd •·Red Book"" fc:- tt-.(· 
form of criteria used in the GuJdeh.nes. 

3 . .Comment-The Guidelmes a:-.d 
aiterla should be developed b)' a 
con1enaua of aquatic Loxlcologi.sts r-ather 
than by EPA pel'$orunl only. 

Re-1ponse--EPA ce-rtainl)' want!i the­
Guidelines and the cril~ria to be u good 
as poniblt and u accepts.hle to as 
m&ny i.nterf!sted p~opte as ponlble. To 
lhi• t:nd, EPA ha1 widely distributed 
draft vertiona of the Guidelines and the 
cit-eria dOOliD.enll. ditcUJaed them Wi.th 
many people. coDJidert'd the comnu~n t'5 
received. and made many 1igruf1cant 
technical cha.nges and ed.Jtorial 
re\-isions. 'It is que1ti6nable wheth-er or 
not • true conseo1UJ could bave bee:-: 
rEached by any mea:nJ within the urr.e 
availoble. In tdwtion. EPA bts • 
legislative retpon1ibility which it abo:.dd 
.not delegate to aomeonl! elte. 

4. Comment-The Guidelines .s.bould 
be updated regularly. 

Rttponte-The GWdelinea are not 
beina promulsa ted 11 1 regulation or 
dinctive. The purpose of pretenting 
th•N Gufdelln., b to abow-bow th~ 
water quality ai.teria for aquatic liCe 
were derived Cor lhe e.s pollutants. If 
EPA u .. t then Culdelinet aaoin. !bey 
will be r.viaed to take tnto 1.ccount new 
data. CODctpll, ed ldeu. 

5. Comment'-The objectives. purpose-. 
ond IJmiutiono o( the Guidelineo •hould 
be alated. 

RupoDH-Thtll1troductory portion 
of tho CuJdelinn bu beon expanded lo 
oddre,a tl!nt oublerumore fullr. 

0. Comment-The Guldtl!nta are too 
ambiauouo. 

P.npolli._Tbt Guldolillet btvo been 
ravtoed and nwrill.a. pa.rtly lo impro•·e 
dori171Dd provide oddlilonal detailo. lt 
It DOl poNiblt 1o providt oxpllctt dellilt 
oa all Uema: iD a.ome are11 only aenera! 
,Wdeca em be provided II thi• time. 
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APPENUIX B .continued 

The following Federal Register notice contains summaries 
of nine documents containi~g proposed ambient water quality 
criteria for the protection of aquatic life and its uses. Of 
particular interest for section 301(~} purposes are new criteria 
for ammonia and chlorine. Also included in this notice is a 
summarv of revisions to the document entitled "Guidelines for 
Derivi~g Numerical National Water Ouality 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, Novem~er 28, 1980. 
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Water Qu.allty ·cnterla; R10queat 1or 
Commcon•• 

AGENCY: Ennronmental Protection 
Agency. 
ACTION: ~otice o! r~ques! for comments 
on amb1ent water qual1!)' cn1er1a 
documents. 

su.,.MA~: EPA announces the 
avaliab1hty for public comment. and 
pro\·ide• sum.mariel of nine: ambient 
.... rater quality cnt~na documer:ls. \\'hen 
pub!1shed m fmal form after lhe re\·1ew 
Qf ;a,;b\Jc commenU. these water qual:ty 
cnten.a may form the bas1s for 
enforceable llandardt. These cr1tena 
are pubhsht-d pursuan: to sectwn 
304ja]{1) o! the Clean Water Act. 
DA"tf:S: Wli\ten com.rr.en:s sho:..ld be 
aubmitted to the penon listed dtrecdy 
belo.,.. by May 7,1984. 
FOR FUIII'THIJ' INP"OI'tMATlON CONTAcr. 
Dr. frank Gostomski. C:-:teria a.r.d 
Standards Divuion f\\'H-585}. l:.S. 
EnvLionmental Protechon Agen:y. -401 M 
St~tl SW .. Washmg!on. DC. ~60. 
(202) ZIS--3030. 

.Av.U.bility of Docume-nla 

ThiJ notice conlaln!l summarieJ of 
nine document• conlain:ng proposed 
amb1ent water quality t;rltena for the 
protection of aquatic hre and its uses. 
.11nd abo contaml a 1ummary of 
re\'i:Jfons to t."'!e docume!"'t er.J)tled 
"C\JJd!lmts for Den,.,ng N'umencal 
X a tiona! W•~!'r Quality Critena (or the 
ProteciJon of Aqua lie life and It:! Uses" 
{wh1ch 1s an updated arid fe'o'lsed 
vers1on of the GUidehnea previously 
j)ubl!!h!!d at 45 FR 19341 November 28. 
1980). Copiu of the complete criteria. 
documenfJ and the reviud GuideJinu 
rr.ay be oblatned upon request fro01 the 
penon listed abo vi!. ·The$e documents 
are alto t~vailable ror publlc inspection 
and COPY1"8 dunng normat'busineu 
houtt at: Pubhc lrifonnalion Rtrerence 
l:nit. U.S. Envuonmental Protection 
A&•ncy. Room Z404 [rear). 401 M St .. 
SW .. WuhinRton. D.C. ZOfeO. At 
provided in 40 CfR Part%. • reaaonable 
fee m•y be chnged f.or copyina •en-ices. 
Copies or lhete documents Ire a lao 
an1.1iable for r~v1ew in the EPA Regional 
Office l1brariei. A htt of the propoaed 
documenlJ it prnented below: 

1. Ambie-nt Water Quality Criteria for: 
Ammonia 

2. Ambient Water Quality Cnteria for 
Anentc 

3. Ambient Water Qualrty Cnteria for 
Cadm1um 

4. Amb1enl Waler Quality Cr1tcril for 
Chlonne 

5 Amh1ent Wotter Quality Cnleria (or 

Chromium· 
6. Ambient Water Quality Cn!ena for 

Copper 
7. Ambtent Water Quality Criteria for 

Cyanide 
8. Ambient Waler Qualily Cnreria for 

I..< ad 
9 Arr.b1ent Water Quatny Cnteria for 

Mercury 
to. Gu1delinu fqr Deriving ~·umerical 

t-;"at1o11al Wate;r Quality Cnteda. for 
the Protectioi o( Aquat1c L1fe and 
ItaUses · 

SUPPUYEHTARY IN,ORUATIOH: 

Background 
Section 304(a){l) of the Clean Water 

Acl (33 U.S.C. 1314(a)(1)) ~quiru EPA 
to pubhsh and petiodical!y update 
ambient waler quahty criteria. These 
cr:teria are to refiecllh!' )atestsclenflflc 
knowledge on the identifiable effectJ of 
pol:utants on public health and ..,_,.elfare. 
aquatic Jjf~. and recreauon. 

EPA hu penodically issued amb1en1 
water qual tty criteria. beginmng m 1973 
With publication or tbe ''Blue Book" 
(Walt-r Quality Criteri• 1972}.1n 1976, 
thl'! "Red Book .. (Qualtty Criteria for 
'\\'ater) wu publJshed. On ~ovember 28, 
19BO l4S FR 79318), EPA announcei:i the 
publication of &4 individual a:mb1ent 
water quality ait~ria documents ror 
pol!u!anlt list~d u toxic under section 
3D7(a)(1) of th• Clean W•r•r Act 

Today EPA is ann<Juncing the 
avadabllity for public comment of nine 
mdJ..-Idual water quallty en rena 
documents wh1ch. upon final 
pubhcahon. wdi update and rev1se 
certam cnteria previously publrshed in 
the •·Red Book" and" the 1980 amb1ent 
\-'later quahty'cnteria docurne,nts. The 
cnteria document& for ammonia, and 
c.hiorine are intended to eventually 
N!place cnterta previously published in 
the "Red Book." The cnteria documents 
for arsenic. cadmium. chromillm. copper. 
cy•nide. lead. •nd mercur)' will rtpiace 
the aqu-.atic life critena previous!)-· 
pu~l!shed in the 1980 1mbien1 water 
q,uaLty criteria documents. 

D•ltd: J.tnllll)' 13, l'iM. 
Jack!.. bvu., 
Asst:IIQ/ft Admm1•trator fer Wot•r. 

Swrun.ary of Propoted Wo!er Quoli!y 
Criteria 

1. Ammonia 
FrtJhwat~r Aquatic Lift!. To protect 

freshwater 1quauc !ire. the criteria for 
ammon1a 1re ba:1ed upon ambient w•ter 
temperature and pH w1_th maximum 
concrntration. and 30-da;· average 
values provided. · 

Cntena value!- for the pH range 8.5 10 
g 0 and th~ temptr~turt tifngr a·c to 
Jo•c are provided tn tt1e follow1ng 

!Ables. Total arnmoma cor.cenlra1Jo~s 
equ1valent to each NHJ cnttflon a~~ a!so 
provided m these tablu. 
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Saltwat~r Aquatic LJfe. Data 
available for ... ltwater tpe-cre• are 
lnaurficient to derive 1 crirenc-n for 
JaiiWIIir. 

Criteria Jmplemt!ntotion Guidance. 
EPA is conSidering developtng 
implementarion guidance 10 1tcompany 
the revisrd 1mmoni1 tTlhma. The 
Ag"ency erivisiQill thai auch gu1dance 
would provide informa11on pertammg to 
the •elecllon or l.ppropnate crllena fer a 
g1ven water body. 1nd the appl!cat1on of 
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•1,··~·· ~<::!·:r'rtl r;1tr:~,,, m thC 
t'··to.~~Ji.s!:P.~:--.t :.....r ~~Atpr q1:a:,1.~ b.l!;•·d 
~ .-;!:.:d"'' c,:,;1:~c!s. 

F:PA IS ~0!1n:1"'~ ~rll'f'l''l colilnlents 0" 

'"1• k::ul'l..ng qi'I'~!IDr.S re:tal;",l~f: t•:O 
::--;;!~-::e~~ ... : :')~ gu:J.:r.:c f:-r t~e 
o..~-:.~v:1:.1 c;.:er:~· (ll Sl,ou!d ~~~ ,\!lrnrr 
l!t.·\ !!k? cn!t>na 1:~pler.-:entd:1on 
~wi~dnr.e fGr ar.unonid. or does adl!'qu~!eo 
·.:-::·o;~a:;on ar.d kr.cw!cdge a~re.1d~· 
'-''-·51 Jbout the selec:.on and applu:.ati::m 
of a:':lmoma: criler!.:l' lr the response to 
:he fo~;ner ~uesuon fs "ye!." then [2) 
1<\ha: topJcs. issues. and te:hn1cal 
:~f.:J~:-:-:.at.::-r. should be ir:ch.:ded in thlS 
s· .. dance? 

2 A.tsentc 

Fres.~~,·ote .... ~quat:c Li(e. To protect 
fresh\,·ater aquatic l:fe an~ it• uses. in 
P.,;::h 30cor.secu!Jve Cays: (a) The 
a\·erage concenlralion o! C1ssr;:ved 
lt:\'Jlf'f".l ,r.,.,rganJC arsen:c 
{oper.:tt:c::-:i!l:'r defined as the frh.-~fent 
1:1organ:c arsen1c that passes through • 
0 4.5 m!cror: memb-rane (J!1er} 'hould not 
e:.;.::eed 7Z JIBIL (hj the muimum 
cc:1cen!ra!JOn 1hou!d not e)!;ceed HO "'g/ 
1: and (c;J the concc:HraiJOn ma;· bt' 
be!ween t2 and 140 J.Lg/l for up to 96 
ho:.ns. This cr:terion ~-dl probably not 
be pralectJ\'E' wherever the toad. 
Cas~ropJ:ryne corolinensJ$. js an 
1r.-'.po11ant specieJ. 
~ol rno:.Jgh data .!re avaJlable to 

al~ow den .. ·ation of numerical national 
\'-ater quali!y cr:.teria tor freshwater 
d.;...;a:ic !:fe Cor ptntnalenl inorganic 
arser:ic or any ,organic a~enic 
compound. Pe!'lra .. ·alent inorgar.ic 
arser:ic 1S acutely toxic: to freshwater 
aquatic l!ln:rnals at co:-~centrahons as 
lo\'li as 850 ~ts.'L An acute.·Chtonic ratio 
or .za {or pcntavelenl inorganic arsemc 
w<u obtamed w1th the falhead minnow. 
Penta\'alent ars.enic may be toxtc to 
freshwater aquatic plants at 
con.u~nua:1ans u low u-4B f-1-gll. 
Monosodium methanearsrna te ·[MSMAJ 
1s acutely lox1c to aquatic animals at 
concentrationa aa la~ as 1.900 F'g/1 but 
no data are anilabJ~ conce-mina 
chror.ic to),icity to •nimclt or tox.icity to 
pJan!a. 
Saltwat~r Aquatic LJf~. To prated 

s•ltwater aquetic bf~ and itt Ulel, in 
eoch 30 consecutive days: C•J The 
aHrage concentration of diuolved 
tnnlcnt ino11anic u.nnic should not 
nceed 63 .us /I: (b) the maximum 
concentration Jhould not Cxc.eed 120 
f-'8/1: sr.d {c) the concentration m•y be 
L.!tween 63 ~nd 120 fA,g/J lor up fo 96 
hours. Th11 cr11rrion will probablr not 
be protectsv~ wheor~vcr S/:.~let>Jnema 
to.~lolum. ThalossitJSIIlJ cestH·ohs. ur 
c/..rnpra ponJJh are important species, 

Ver~- few dota are avcu1t~.b!e 
CG!'1Cer.'lll'8 the tox:cir~· Of <il1)' form of 

-
,!rSf'nu: ott-._e~ th.Jn lrJ\ .• :c:nl inor;;.J<JC 
arscmc l.J u!twJlr~ aqu.ni~; I1Ce .. T!'!e 
a':~;\,d.t!e dal'l do s!-lnw that prn:a\·a·l~r.l 
lllOig"d:liC arse:-JH': i.s_ acu fl.')y lo>..'C to 
s.:~i~\,·atr~ an:r..o!s at cor.cr.r.tral!O:ls as· 
loh' as 2'.319 ~t&!l and mdy be !O).JC to 
s.t!l\"at.er plan!S at s.:;o ~1:!:/l. 1\'o dd:a 
o~<e a\·o:~dable concerninglhe chron1c 
tnl!.ICl"'.· of anv fonn o{ arsemc othtr 
than t(l\',::leni inorganic a:-'Seoic. to 
salt\\'a!er aqua ric: l:fe. 

3 Cadr.1wm 

Fu~shwater Aqz.:otJc LJfe. Because the 
acute ·and chronic !oxic:i!ie.s of cadm;um 
to l!emillve importan1 freshwater 
specie' are 1boul Ute- ume, lo protecl 
freshwater aquatic hre and its use•. the 
concenlta!ion {m ~g/IJ of aciJYI! 
cadm:um (op~tationaUy defined as the 
cadmium thai panes through • 0.45 w-m 
membran~ filter alter the .ample i1 
_.cJdifted to pH =4 wah ~a:tric acid) 
1hould not exceed the numeri!:af \'aluf: 
gil-·en b)' ,.[1.16(ln(hardness}]-3.8-H). for 
example. al hardnest of so. 100. and 200 
mg{l .u CaC~. the muimum 
concentralions of acth·e cadmium are 
2.0, 4 .. t and 10 pg/l. D;tla on the acute 
{o).,icl!\r' or cadmium to brook troul and 
1tnped bau covrr • ,...-ide range. but if 
these species are u n-nsitive •• some of 
the values indicate they might be. they 
may not be protected by this criler:ion. 

Saltv.·att!r Aqua lie l.Jfe. To protect 
ultwater-aquatic life and ill uae1. in 
each 30 consecuti\·e days: {aJ The 
a .. ·erag~ cancl!'ntratio.n of acti'Je 
cadmium should not exceed l2. }£-g/1: (b} 
the maximum concentr.1tfon should nol 
exceed JBps/1: and (cl the 
concentration m1y be between 12 and·38 
~g/J Cor up to 9ft hours. 

4. Chlorine 

Fr!!shwater Aquatlc ll1e. To protec! 
rr!!shwaler IQUatic life and itt UUJ, in 
each 30 coniecutl .. ·e da)•t: (a} The 
·avenge concentntion oft.olal rtridual 
chlorine 1houJd not excted 8.3 .p.afl; (b) 
the m1ximum concentration 1hottld not 
exceed t4 pg/1; and (c) lh• 
concenttetion may be between a.3 Nil 
and lf 1'8/l ror up to 115 ho\!tl .. 

Saltwater Ac;uatic L1[~. To protect 
tlhwaler tquatic lif~ and it• uJea. In 
uch 3D con1ecutive da~·t: {.a} The 
.v~r•ge concenlralion of chrori.n~ 
prodtJctd OJ(idanll 1hou!d no I txceed 7 .• 
Jl&/l; (b] the 1nu.imum concentration 
ohould not exceed 13 pg/1: 1nd (c) tho 
concentration m1y be betw~cn 7.4 #J.IIl 
11nd 13 pg/1 for up to~ hourt. 

C!':l~fla lmp!emen/atiO!I Cuidoncl!. 
EPA 15 cansrde:rinll devc~oping criltri.a 
implcm-entationguidcmce to accomp.,ny 
the revised dllor-lnc err feria. The Agrncy 
cnvis•~ns !hal 5uch j:Jidance would 
pra"·idc mformation pertoihins lo the 

scfcc!tor. c:-~ O;Jpr:::-pnate cri1'Pr:.J lc: ~ 
g:Yen w.a~er body. and the oppl.c.i'.or. ('~. 
!hose sPled~d cntena m the 
c~!aU!:shment ofWdlcr qua;'/ly bas{'d 
r0lh;tant coll!:tob. 

EPA is sr)licitmg wrillen co;-nmc:-:s on 
the foJio;o.mg quesuons pert;l'n:r.g :o 
i:nplcme.ntation guidsnce for the 
d:!orine criteria: {1} Should tl-.c Ager..::!· 
de·.-tlop cntena tmpfer."~enla!ton 
gu1<Jance for ch!oriue. or does .adequaie 
lnfo1malion 1nd knowledge already 
e~:sl about !.be selection and apphcatwn· 
o[ chlorine crileris? If the te5p011Sit lO 
the former question 11 .. ye1."' then (21 
what topin. IIIU~I. and technical 
mformation thould be included m thts 
guidance? 

S. Chromium 

Freshwater Aiquaric LJfe. To protl!c1 
freshwater aqua11c life and its use-s. i."1 
each 30 conseC1.1ttve day1: (a) The 
a\·erage concentration of dissolved 
hexavalent chromium (operaUonaliy 
defined u the hex.avalentchromiu:n 
that passel through • 0.45 ,u.m memb:ane 
fiherj should not ~xce:ed 7.2 i-1&/1; (b} the 
max.imu.m concenlt.stion should nof 
exceed 11 1'8/l; and (c) the 
concentrations may be between 7.2 cd 
11 JJ.81l fe1r up to 96 hoUN. 

To protect freshwater aquatic: hfe ar.d 
itJ use!, in each 3D con•ecutive davs: 

(<~} Th~ avenge concentration (1~ 
J.ig/1} of ar:th·e trivalen1 chromlum 
(operationally defined u the trivljllent 
chromium that pasaet through • o.•s. .um 
mtmbrane filter aft~r the sample it 
tcidtfied to pH=• wiili.rtitric acid) 
1bould not exceed the numerical value 
given by ,(0.819[!n[hardnenlJ+.D.537}; 

(b) The maximum conctntraUcn (in 
J.lg/1) 1houJd not ex end the numerical 
value given by [O.BIP[!n(hardneull 
+3.568.1: 1nd 

(c} The concentration {in ~all) may b-e 
between ,[0.819[!n(hardne~~)J+0.53') 
and {0.819[In{hudnesslJ+3.56al for up 
to PIS hours. 

Fer examf!le. 11 hndne11e-l of so. lOO, 
111d zoo mg/1 u C. CO~ the. criterion 
ner,.ge concentratlona of active 
Uivalent chromium are -l.2.74, and 130 
y.a/land the criterion moimum 
concentrations ate 870, 1,500, and 2.700 
~1/1 . 
Saltwal~r Aquatic Llf•· To prolect 

11lfw•rer aqJJatic H(e and its UIU, in 
each 30 consecutive d_.y1: l•l Th~ 
ne.rage concentration of dissolved 
heuvalenl chromium 1hou!d not exceed 
5-t ~g/1: (b) the maximum concenlra\itm 
11lould not exceed 1.200 ~g/1: 1nJ (c) l~e 
cor.centrHfion may be between s.t ond 
1.~ i-IRI' for up to 96 hout,. 

1\'o i<!llwliler cntcrion can be dem·PJ 
Cot tr1nhmt chromium but levels of 

AR-31 



lll _s:_'(J J.lf!/11o'I.P~c lr.th.d IO !ht' f'd<;,l('rll 
(j\ ~ter 

ri C.lppr:!: 

F.·c .. ~l-m·.::::~·r A qt~o;tc /.1ft·. l o llfOIC't.l 

frP!'.h'l'\-<~:!1•" dQlJil\lC hfc and H' Ul"C~. tn 

~ ... t.h 30 consPrutt~e d,;~s: 
(a)T~e aH:r<l~e C0:1Ct:nlrdt;un ltu · 

J..l.811l of M.t11oe cop;>cr {operitl•ur.,:ll~· 
d,•f!.ntd us the cot:pf'r thdl prt"'"""s 
lhrot~gh a() 45 JJ.m m~mbrrtne f:ltl r drier 
the 5ample ia actdtf.eJ lo pH =4 w1th 
nttnc acu~t should r:cl e:\CeP'd tht· 
numrr•c.,st \ a.lue g:•,.en hy 
, {0.905JI:-~·(hardhesl"JI-l ~65}. 

{bl The molu:nl.im cuncentr<tttun \In 
J..>r;:ll) shc!.!ld nal eUE'!'"d the numrncal 
...... Jue gt .... en by (0.905{ln(hardn('s~H­
l 413}: and 

{cl The concenlratwn {m J.t&lll may he 
betwten .. {0.905(1n(hard!'ltoss}j -1 785) 
and .10 !l05Lllardness1] -1.41JI for up to 
96 h0:1TS 

FDr ex.arr.ple. at h~:-dnrsses of !'i.Q. lOll 
dOd .'!00 mgf\ aS CaCQ~ the en tenon 
aHrage concer,tra\Jor_, of activ.! copper 
are 5.6. 11. and ZO J.l.& 'I and the cnlerion 
md:..1mum concent:-at:ons are 8.4. 16. and 
29 1'&11. 

Saltwater Aquatrc Lt.fe. To protect 
satlwater aqualtc lire and tts usu. tn 
each JO consecutive da)'S {a) The 
avera~e concentra!ion of act1ve copper 
should not txceed 2.0 JL8/l; (b) the 
m~x.1mum concentration 1hould not 
e'ceed 3.2 f.l.g/1: end lei the 
concrntrat10n rna:; bt betwe-en 2.0 and 
3 2 I-'&,' I for up to 96 hours 

; Cronrde 
Fresh we r'er Aqualtc Ltfe. To pro teet 

f:~·!>hwat~r aquatic ltfe and its uses.m 
e;Jch 30 consecuti\'e days: {a) The 
on erage coii"centrahon of free cyanide 
(thf! sum of cyanide pruent as HCN and 
c:s·. exp~ssed as CS) should noe 
e:..ceed 4.2 J.lg/1: {b) !he maximum 
r:oncentratJOn s!'lould not exceed 2.2 IJ.g!l. 
and {c) the concentretJon may be 

· b~tween 4.2 and 22 1-'611 ra·r up to 96 
hours. 

Saltwolu Aquallc Lrfe. To protect 
ultwater aquatic life 1nd itt uses. in 
~·Ch 30 ccmtecuthre days: (a) The 
1verage concentntion offrH cyanide 
(the !lum of cy•nide p~Hnlas~C~ 111nd 
C:\ .. expressed l.s CS) should not 
••ceed 0.571'!11: [b)the muimum 
concentrallon thould not exceed 1.0 
;.-:p;!l; lnd (cJ the concentration may bf! 
between 0.57 and 1.0 ug/1 for up to i6 
hours. 

8 1.<-od 
F~sb""ater .Aqur;tJC Life. l"u pttile-cl 

fres.h""·atn aquatic hre -.ad it~ uses. m 
~~ch 30 conseculive da)'l: . 

(c.) The a't'erilse concr:nlt~hon {1n JJ.J.!I 
I I of itCfi\'e lead (operaunnall)· defined 

.1:.0 the i<'etd that pd!<i<.cs lhwu~h a Q.45 
~--orn ml·mlranc fdlcr o.ftcr the $umple .,. 
t•cldtfl(!d to pH :::..4 w1th n1tnc <tcul) 
-...hr•uld not e).ce~<l the numcnc.~tl vtt!uJ· 
t:.:vl!n b)' .(l.J.::;jln(hMdnc~s)l- 5.::!451: 

ILl The mw(inwm concentration [tn 
J-~~11! shu.uld nol exceed !he numenc~l 
OJ<Jiuc gtven by {1.3.;.pn{hdnJnc:o~sJI· 
< 014J:ond 

!c) The concentration (in 1-!-S/!) mt~oy be 
hl·l~Pcn .{1.34fln{hardness)J -5.245) and 
~I1.J4jlnjhKrd:-Je,s)j- 2.014 ror up to 9fi 
hours 

Ft,; eurnple . .at h.m.lOcsns of 50. 100. 
and ZOO mg/1 a5 CaC(h the c:-:terion 
itvtrt~gc concentratiOns of acll~o·e lc~:~d 
1He 1.0. 2.5. and 64 J.&Sil !lnd the crileri(m 
ma-..Jmum concentratmns are 25. M. and 
16() ,g/1. 

Sui: water .4qualu; f:.ife. To protect 
Sd.]twattr aqua11c llfe and 1ts uses. in 
e<H.h 30 conseculiH! di:iys: {a) The 
avera)le concentratiOn of acta·e lead 
should not e>U:eed 8.6 1'81 I. (h) the 
ma"-imum concentn•tton should not 
exceed 2.20 ug/1: and (c) the 
_concentration may llle between 8.6 Mnd 
220 Jtg/1 for up to 9e hours. 

9. Mercury 

Freshwater .Aquatic Life. TG protect 
freshwater aqUatic life and its uses. in 
each 30 consecufl\·e days: (e.J The 
average con~en!ra1ion of actwe mercury 
(opera!i6nally defined u the mercurv 
that passes11nough a 0.45 J.'m membfg;ne 
filter after the sample is actdirte<l to 
pH =4 w1th nitnc acid) .should nol 
exceed O.lO fiS/~ (b) the maximum 
concentration ,houlci not exceed 1.1 J.£~1 
I. itnd {cllhe concentration may be 
between 0'.20 and 1.1 ,...g/l for up to 96 
hours. Then VI lues are based on tests 
on d1\·alent inorganic mert"t!l")' and wll[ 
be lao high if a Jubttanlial portion of the 
act1ve mercury is methylmert:ury. The~e 
value• will also be too high if 
tHOdccumulation is grearet m •lield 
!ltuahon lh1n in laboratory testt.ln 
addition. the value of O.ZO ,.,.g/1 may not 
protect tome 11lmonids and 
centra.rchidt (rom chronic toxicity and 
11 that level, bioaccumulation in tome 
s~cie1 will be al the FDA action level 
or 1.0 mg/kj. 

Salt•vat~r Aquatic Lif~ To prot eel 
saltwMter 1quatic life and iltu~el. in 
each 30 conaecutive days: (a)The 
average concentr.tion of active me«:ury 
should not exceed 0.10 1'811: (b)the 
maXimum concentration should not 
.. c .. d U 1'811: and (c) the 
concenlrafion m•y be bel ween tl.lO .1md 
1.9 ~J-811 for up to 96 hours. Thue "·a lues 
dtc based on tesl1 rn dlvaler.1 inorganir 
mercury and will be too hiah of a 
s~bs• Jntial portion of the acti\·e mcrcu;}­
's m~lh)'lme.rcury. The.se valufJS wlll 
cdso be loo hqJ,h 1f bioaccumui•llon is 

grt• .. tNln ft fn:!d (LlUoi\\On \1-:rln Jn' 

lr~bnr.ttr.~y ll'SI~ 

10 Su:"maq· of Hcn.~•VIIS to 
·c,:rt!r·.':nr; h~ D••r-n·1.'1g Sumt•mA.d 

.\'ut;{)fr(}/ 1"\'a(l.'l QuO.' It}" c.-aena fvr tht• 
/'rutu,.!-ort cf Aqua (I; L:'e and Its L.':H:<;; · 

Th~ .. drnh reOJJscti .. ·ers!On of thP. 

:-..:.Jtwnlll Gutdt>lmP.s pro\'Jde~ 
cli-lrJrtci.llmtu. add1T10nal dcla111>. 
leLhntcal and edltonal d~ar.ge:;. from tkt' 
gutde!Jnes published a' 45 FR 79J41-
;yJ4:". November 2.a. 1980. These 
modtfrcations ire the result of com~enl' 
rf.'t.('l ~ r>d on the .prE'\·tous GuJdl'\mes tH"ld 
;;,!so reOetl,ad~·anc:es m aqui:IIJC 
fQ)ocaloF)' .11nd relaled f1e!ds Th1· r.-:~ 1o: 
lrchmcal changes are: 

1. Thi! aculr data required for 
frcshv.·dler lilnimals has been ch<~nfi!ed tt• 
mdude mote test' w:th ln\'erlebnte 
spccits. 

2. The Fu-:al Ac~,;te Value is r.o .... 
deftned m terms of Farn1ly Mtan Acute 
Values rather than SpecieS Mear. AcuTe 
Value~ prt\'iOu51;· defml!'d. A Fa.mdy 
Mean Acute Val~ is the geometnc 
mean or o~~llthe S~cies Mean Acute 
Values available for &peciu m the 
ramd)'. On the avera~. spec1es w1thtn if. 

famtly are toxJcolo-gicaJ!y much more 
-'1mddr than speca~.s.m diffpren! fam1lH·~ 
and so the use of Falnily Mean Acule 
Values ....-!1\ prevent data sets from betn~ 
b1ci~ed ~;·an Q\·erabundance o£ SpPClP_. 
in one Ot I r~w famthel. 

3 The Fmal Acute \'a!ue IS Ott"­

ca!culated usmg a me: hod tha·t IS. not 
subJeCt lo the b1as encountered w1th the 
prev1ous method. l~·f add1t:or.. 1: 1S not 
innuenced by ace '>'ery low "alue as Uw 
prev1ous method "nas. 

4. The cnterion consuts o£ two 
numbei"S. The criterion ever.11.ge 
conctntretHon and the criterion 
ma>.J:num concentration. 

a. Tht cntl':'nor. a\·erage concenlrd::o:'" 
IS _no\.Y used as a 3Q-da) average. rather 
than dS a 14-hour average. 

b. Excur!ion! o .. ·er the avere~e are 
ilmJted to a !Ia~ only one 96-hour 
tp1s.ode 1M any 30 dilys. 

c. Insll"ad or ~ing equal to the Fmal 
Acute Valut. the criterion maximum 
concenlrition is now oblained by 
div1d1rt(t the Final A.cu1e Valu~ by 2. Thl' 
final Acute Value.tstntended to protect 
9S percent of a group of di\'erse tpecies. 
un1es.s i : importanupecJtlll more 
•entiiJVe. Howner. a conCe.ntrahon th.,t 
would severely harm _50 percent or the 
!if1h perrenliJe or SO ~rce-.n·l of • 
stnsLtwetmportant ~tpeci.es cannot bto 
constdtrtd to be protecti\·e or that 
~tct:ntL!e or that sptc1es. especial!>· 
bctJHu(e this concentratton mil}' tXIst for 
9& hou!'! on t-....el"e dtfr~rent occas10ra 
u·tr)' yeu. Otv1d1ng the f1nal Ac1.1tt 
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\'olueo b~· 2 is in fenCed to resullrn .J 

cr.nccr.lratr::n th.=tl wdl not nHrely 
dC\ erself .a:~cc: too many of the 
orsan;S:o1S . 

5. The prerer~ed dura:ion for acu~e 
l<.?s1s ,,·rth aU !pecres of aqua-lie 11nir."!<1~s 
rs 96 ~ou:-s. allhough tests as sh·)r! as .;a 
~t:"urs art' Rcccple~ble for freshwater 
dadocera~s and rr.rdl(tS. and Cor 
t'mb\·os .and lan·ae of Saltwdter 
harn;cles. bl\'ci;\'e moiluscs sed urd:::1:s. 
;ut:s!ert; .. crabs .. slu·H~lps and <1 balones. 

5 \\hen avallable. 96-hour EC50 
\'d.;:..~es bas~d on lhe percentage of 
orsamsms 1mmohdized plus the 
y.£·r::c:--.tage o! orgams:ns kdtetJ are used 
~~stead ofOO-hour LCSO ulues for frsh; 
comparab 1e EC50 \afues are used 
ms!ead ofLCSO values for other spccJes. 

f. The r-equnements (or uSJrtR tl:e 
resulu of rests w11h aquaHc plan1s have 
bP.en made more stnngen~ -

Two add1tiona! append1ces (A;J;;endu: 
1 and ;!I were eJded as part of lhe 
gr..;odance. Ap;JendLllt. 2 h-aS .;tdded !o aid 
m determirung whethe~_a spec1es should 
be considered res1den! m ;-.;orth Amenca 
and 1ts ta);.ClnornJC cJasstficahon. 
Appendix 2 prondes guidance {or 
ca:culafmg of .a Fma: Acute Value 
ffR DoK. ...n:::: ,,_, ~ an.,., 
I!UJttQ COOl 1~, 

FEDERAL COMMUNICATIONS 
COMMISSION 

Meettn-g of the Telec:ommunica1ions 
lndus:try Advisory Group St_eering 
Comniin-ee 

Pun:uanf to sectJon lOla HZ} of the 
Federal Ad\·isorv CommrHee Act {Pub. 
L 92-453-}. notice is hereby given of a 
meet inS of the TelecommunicatJOn5 
fndustry Advisory Group Steering 
Cornm1tlee scheduled to meet on 
Thu;,dar and Friday. Febn;ary ZJ ar.d 
24. 1984. The meehng wj]j be open to the 
p~bhc. The me"eting hmes ~nd location 
are as follows: 

Thursday. February 23. 1.984-9:30o.m. 

FCC Meetmr Room "330. 1.200 19th 
S:reet NW .. Wnbk.gton. D.C. 

Fnday, February 25. 1981 

FCC MretJng Room #as&. U19 M Strut 
NW .• Wash10gton. D.C. 
Thl! agenda i• •• follows: 

( R~view of Mmulea o( Pre-vioua Mee1in1 
lJ Gc-ner•l Admmutrahvt Miillel"' 
Ill Re~;rew of Audlltni and Re-rulo~lory 

SubcctrunJI!ee- .Report on Recetll Tu L..w 
ChJrogea 

IV Re\lf'W of Reporl! to be lubmllled IO l~e 
TJAC Ahetnbly 

\.' Or!'l~:r ~uiJnt'H 
\.'I Pre!tnr•~ion or Or.! Sl.,remt-nlt 
\'J: AJrownment 

W1!~ p:ror appr-oval of the Cha1r:t>an. 
Geraid P. Vaughan. oral s:atemenl.! 
while :101 fa\ a red or encouraged. may 
Ue i:i!IOI-'.·ed if lime pi?rmlls and rf I hi! 
Chairman de\P.rr.unes that An oral 
paser.tallon is co:-~ducive to 11-.1! 
efiec!Jve al!amme-nt of Steering 
Corr:miffee objectl\·es Anyo0ne not a 
member of !he Steenr:g Conimillee and 
\\'tshtr:g !o ma~e an oral presen!alton 
!ihould contact Step~en T. DuF!y, Croup 
Vtce·Chaz~man {202) 634-1509) at leasr 
b-'e days prior lo the m!elipg dare. 

WJIIJ.:~m J Tricarico. 
S~cr~t-;;."J'. F~dero! Commu.-w:at1ons 
CC.7';t;li$S • .:Jn. 
rnt 0oo:. N-J:u ,.,oto:l t-4--4-1 • •s ,.,, 
ll!UJHG COOl 17!lw411-Jill 

Teiecommunieations lndustry 
Adv!sory Grol.!"P Income and Other 
Accounts Subcommittee 

Pursuant to section 10[aJ(2} of the­
Federal Ad\'Jsor)' Commitree Act {Pub. 
L 9.2-453). nofJCf. 1s herby given of • 
meetms of the Teiecomrr:WlJcationt 
lnduslr}· Ad\'isory Group"t mAG} 
lnco:n~ and ·other Accou.-,ls 
Subcoxr.mmee scheduled for thursday 
and Friday, February 15 and 17.1984. 
The rneeli118 w;!l begm on Februal'}' 1-5 
at 9:30a.m. in the office of GTE Service 
Corporation. i.n Tampa, Florida, and v.·i!l 
be open 10 lhe public. Pleate contact the 
Subcomm1llee Chainn•n. Glenn L. 
Cnffm (214) (65g...343f) for details on 
meeting !Gcahon.s. The asenda is as 
follow': · 

I. Ct-nerel Adil"'.inill1&1ive M•ffel"' 
II. D1scunion of !luigrime-ntt 
m. Orhe-r Businnt 
(V. Prutnli.!IOn. or Or • .t Stl!e-menlt 
\-". Adioumm•nt 

With prior approval of Su!>commlttee 
Chairman GJe-nlll... Grilfm. or.al 
at.atement.J. while net f.avored or 
encoUJ'Iged, may be allowed at lhe 
meeling if time p~rmit1 and if the 
Chairman determine-s thataa onl 
pre-ientation it conducive lo the 
efrective auainrnen1 of Sobconuniue~ 
objectives. Anyone not • member o( the 
Sfeerins Commitlee 1nd wiahing ro 
ma.ke an oral pretentaUon 1houid 
conlact Mr. Gnffin {!Z14) 659-3<84) al 
least five days prior 10 the mreting date. 

wm~n:~ J. Triurico. 
Sect-eta f)'- F~d~r-al O:mununtcatiDfl• 
CcmmJS.ston. 
jill Doc l-l-::li:1Zr,rrdl--+4-l •~~'"'' 
~UJI!tG coot: 17U..ctt~ 

Cam.ac Broadc.uUng Co., Inc: .• and 
Walda Rose Speart; Applications for 
Consolidated Hearing 

1. The CommiSSIOn has be{orf' lllht 
fol/r:n,..·mg mutually exdu.sive 
app:,r.allons- fo~ a r.~w FM slallon: 

I r:= •. ... 
,._, 

2. Pursuant to Section 309(e) of the 
Conunu.nicatior:.J Act o!193..f. as 
amended. the above application. havl! 
beea destgnated for hearing i.n a 
consolidated proceedmg upon I.Uues 
whose hudings are se-1 fQrth below. The 
text of uch of these iuues has been 
standard::ed ar.d is set fo:th m l\5 
en:trety m • sa:nple at;ndardized 
Heanng De.stgr.allon Order fHDO) 
wh:ch can be found at 4.B fR 2.2.42.8. M-a.y 
ta. 1983. The inue headt.ngs shown. 
below correspond to issue headznS'S 
conta:ned in t.he re-ferenced umple 
HDO. The 1-euer sho...._il before eacb 
a.pphcant'10 name, above. II used below 
to 11gn!ly "-·hrther the uJue in quest1.on 
a:pplle' 1.:1 that particular i?plicant. 

luvt- H~adJ,.,g r:md A.pphcofll{!'} 

1. Att H.o~urd. B. 
z. Compantiv@. A. B 
3. t:lttm<~te. A. B 

3, U·there i!l anv non-standardjzed 
lssue(s) m tlm pr-~ceedmg. the full text 
of !.he i.ssue and the apphcantl!i} to 
which it applies are nl forth in an 
Appendu to tlus 1'\olice. A copy of the 
complete HDO in thia proceeding may 
be obrained. by writren or telephone 
re-quul, from tl:.e MaSI Medi<J. Buttau'a 
Contact Rep~se-n!.alJve. Ro-om 2-.fZ. 1919 
M Slreet. NW .• -W .. hinglof' .. D.C. 2055-4. 
Teiephone (.202) 632-6334. 
W.1aa G,y. 
Au1stont ChJe/. tfudioSuviC:I!~ DJYilu:m, 
Mass .Af«!Jo 811/WCIJ. 
IFll o.c.~ r-.._. ......._ ..._. -1 
M.UMI c::occ 17tJ.-f1 .. 

N•w Flol SI.IIIOna; Appliaollono lot 
Conoo~tocl Jlo.oMg; Don and GaD 
Stubbltfltld and John E. £loner 

1. The Comminion h•• befor!' f1 the­
follow ina mutually exclusive 
application• for 1 new~ •I• lion: 

...... 
.... Oool ... 0,.., ~~lf'K-'Ufi!W,_ 

l.e.ICI.*"ttttc.-, llio 

~u -... 

AR-31 



c 

T~e removabi!ity mat=ix {Table 1, next page) on the following 
pages shows technologies which have the potential to remove a 
specific pollutan~4 T~~s, if an inCust~y has a pol!~t:cn ~~able~ 
fer one of t!"le listed ncnconvl'!ntional pollutants, tech."lologies 
w~ic~ have the potential to remove the poll~tant of concern can 
be deterrninea, and investisation of the tech."lclogies can 
cor..Jnence ~ 

Blank spaces within the matrix indicate that data relating the 
techr-:clcgy ,..;ith tte coll-.;t.a::t is nc't available and the::-efore :.t 
:.s assu;;;ed ~::at Wle t.ec:-.~...lo'logy is not a feasible aJ. ter~a:.:ve fer 
t:'le remova~ of that specific pollutant. Due to a limited data 
base approximate removal percentages of each pollutant by each 
tec!--..nology '.:e:-e not:. a-.. .. ailable. Ho-...:ever, further inves":.'i.gaticr-~ 
into the T=eatability ~a~~a: a~d rna~y c~ the cth~r references 
l:..s~eC. i:;. :..:-4e t.ack of '"'C.h:s repa~t r:.:y re;:e2l the e:.:ec":ive:-.ess c! 
t.::e 'tec:-.:l~lo;y -:~ :-e::-:;;._·:.::; a n~:::::s::~~'entional pc·lJ.uta::~. 

Ee:--. .:::-. sca~e t.:-ec.-.:a=i.:.:.~· s~uc.:es a::e ~c::-::-.c:.:.~y recoi.Jl!:';e~de.=- ~c 
Ce":e=::-. .::"!e i: a t·:-ea~.e::~ tec~.::c:o;-;1· is ·2::;-lica;:::.e £c:: a s;;.e-:::.fic 
;:-::::~~~~~- :'!:ese s~~:::es ca:-:. de:.e:-r. . .:::e yo:.l'..:ta::.t: ::-e:-:-.:::.~ ... ·ab:li:.y 
a:::= c;:.:~:..::.: cpe:-a-:.:.~9 ;.a:-~::-.e:.e:-s. 7!-:e fcl:oi..:i~g sec:.:.c~ Ce­
s~:-.:.!;es 2 ge:--.e:-.::.2. a;:;:::-c.=.::!": ::-. pe=:o:-:7".:r.g a bench-sc2.:..e s:.:.:::y :~:­
ea:::: :.e::::--.::c::::.gy ;r;e;:tic::ed :'..:: ~he r:.at=ix ·~.abie (T21:::le 1). 'Ih:s 
a;:;::-::a:::~ ....... .:_::_: p=::Y:.C.e -:.:-:.e ::-eaC.e:: '""·: :.1: s;e~eral k..,o;.;o2.e::ige of -:.:-:e 
!::e:-.:::-.-s::a:.e. s:..-...:.=.y, i.:.s (::--:42::-:-.:::a:.s, r..~~e::-ials, e::;-..:.ip;:-;e:-.-:, t:-e2.:.::-.e::-.":. 
vc.=:.a~les, ge~e=~l ;:-ocess s:.eps, a~d design criteria. This 
:-e;c:-t- :.s 1.::7":: :.e:: t.c- :::.<2: ex~e~ -~=:at t.;:e -t:=::·t.e:"ia a~d Ges:'='.-~ · 
steps give:: ~:-c\.-.:..Ce ~~e :-eade:= \o:.:. t.t a ge:1e:-al knc\o:ledge of ""·!-,a":. 
:~ recr:..l~::ecl ..:_:1 a. !:;,e::c~..;_-s.':c:}e- s7..-..:Cy, !1D"'=. a detai~_ed exp~ri::~-e!"~~a: 
design fer ei t:'":e= a ::c:ll-sca:e or be:-.ch-scale stud::;. W."le:: a 
de~ailed ber:ch-scale s-:u:::y. is desire.: I t~e t-ech:~.clogies sho1.:ld !:e 
i::,,..est:t;c.:.e;! :'i..:=t~e= :.:: :.te ·=e:e:-er.ces given :n 7ab3.e 2 (page .{:). 

T~e a:;;::-cact ~ake:1 fc:: ~:::.s repor~ .:s t::-oken i:1U> t'.;c ma:.:-. parts 
for eac;, t.ecr-...r:olcgy: pcll~:.a.!lt. applicability and t.~eatability 
approach. The pollutan~ applicability lists the nonconventiona: 
_pc~:u~ants removed by the tectnology. -The treat~hility approac~ 
lis~s the chemicals and IT.aterials required for t.lle bench-scale 
s~udy. Also listed is ~he t}~e of apparatus, the approximate 
apparatus size needed, and the pollutant loading factors, if 
applicable. A general cperati~g procedure for the study is 
included, as well as the operating parameters to be tested and 
the reco~~ended results and analyses to be obtained. 

?=oced~=es a~d eau:pte~t needed to a~alyze for the vario~s non­
ccnve~~~cnal poliutan~s can be found in-Reference 17. 
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Tlllll.F. 1 . NONCONVF.NTI ON/\[, POLI.liTI\NT - THE/\TMENT TI·:CIINO!.OCY HEMOVI\13 I I•ITY MI\TH I X 

-------------------'{'0~--. i ~ ~~-~ ~j)j;Q_.,-p-}~.;~ t·-,;-i-~.!-i _--:_--~~lOI!~ i ~ ---~t~-o-i o ~~~:.._::. =-~~~~.=~~~m~l~:.~~l\;!m:::=-;f.~i:ll:O:r:l::. u=..:::=~H~o~n~g~.,~n~.:::s~.==;T~O;C 

Srdiment.llion 
5cdimr.nt.ltion with Che•ical 

Addition 
G.1s Flotation 
Ga:; Flotoltion vith Che•ical 

Arldition 
Fillraton (Granual Hedia) 
Ultrafi ltralion 
"ct ivat~d Sludqt:., 
Trickling Filt~r 
1 •• 1qoon 
Rotating Bioloqical 

Contactor~ 

Steam Stripping 
Solv~nt F.xtract~n 
Carbon Adsorption 
Chrmical Oxidation 
Air Stripping 
N l tri fic.,tion/.Deni t r if ic<tt ion 
lun Exchange 
Rt-Vtrse Osn~osis 
Or.chlorination 
Ozonation 

X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 
x'l. 

X 
X 

X 
X 
X 
X 
X 

X 

(.-~ 

X 

X 
X 
X 
X 
X 

X 

X 
X 
X 

X 
X 

X 

X 

X 
X 

X 

X 

(continued) 

X 

X 
X 

K 

X 
X 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 



)> 
;:o 
I 

w 
~ 

s~-(ii'" .. " tat ion 
S~diMrntation with Chr•ical 

Addition 
G.lS flotation 
Ga5 Flotation with Ch~Mical 

Addi .t ion 
filtr~lon (GranuAl HcUia) 
Ul trafi J t rat ion 
ActivatC"d Sludqe 
Trickbnq fi \t"rr 
l.aqoon 
Rot.itinq Giotoqic,\l 

Cont"ctors 
st .. olM StdpJlinq 
Solv~nt [Xtraction 
C.uhon Atlsorpt ion 
Cht>Mical Oxidation 
Air ~lrippinq 
Hitrif1c~tion/Drnitrification 
lon F.xchange 
Rcvrr~ll! OsMOsis 
Df'ch lm· ina t i ion 
Oz.onation 

•Not re.aved by ~naerobic laqoon. 

bNot r~MOvrd by •f'robic laqoo11. 

T/\111.1·: i (con L i flll<'ci) 

··--- ----t 1 rro 0H.J-1nic <'or roo;lon 
n.u l um Tin TKN rhloriiH" :iulfidf" NilJ,Hr --~~! ~ og~,!l ___ l_~l~_l_~i_tor surfacti1nts 

X X X 

X X X X X 
X X 

X X 
X X 
X X X 
X X X 
X X 

x" X X 
x'' X X 

X X X X X 
X X X 
X X X 
X X X X 
X X X X 
X X 
X X X 

X X X X X X 
X X X X X X X 

X 
X X X X 

- ··-··---- -----·---- ·- ------- -· 
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':'.L...B:.E 2. REFE:.:\E~CES F:·R DE':'AI!..E~ DESCR!F:"!ON J.~':) DES!GN 
OF s~:--;c::~-~·:::!':: ONJ.:.: :'REi-.':'!·:::S: ':EC:-:NOLO~IE.S 0 

Sec!irnent.at.:..on 

Gas flo~a~ion 

Filtration 

'J:tra!ilt.:-a~c:: 
A~~ivated s:~Cqe 

:..agoc:: 

R~~a~~~; =:~!c;~ca: 
::c~~a:::.c=s 

C~e~:cc: Ox:da~:c:: 
A5..= s:.rip~::~; 

:c:1 Exchange 

Reverse Osmosis 

Dechlorinat~on 
Ozonation 

Re!e:-e:;:::e 

2 
3 
2 
3 
2 

3 .. .. 
2 
5 
3 
2 

3 
5 
2 
3 
5 
2 
3 
3 .. 

:2 
::: .. 
!4 

2 
3 
5 .. 
2 
.; 
3 
2 

7 
3 
.; 
2 

19 
4 
2 

lB 
3 
9 
4 
13 

Pace 

201-221 
A-88 
221-227 
A-96 
227-252 
362-373 
A-98 
22-1 
43-l 
470-522 
725 
A-38 
442-452 
534-546 
A-80 
433 
552•553 
A-58 
551 
452-453 
A-70 
A-70 
42-l 
78 
121 
32-l 
64 
277-2&4 
;..-12& 
728 
35"-l 
734-739 
41-1 
A-U4 
712-719 
721-734 

A-4E, A-72 
30-1 
753 

39-1 
754 

591 
36-1 
65 

4 All technologies are included in Vol~e Ill of the 
Treacability Y.anual. 
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SEDIMENTATION 

po:lu~ant Anclicabilitv 

Sedimentation can be use::l to remove the following nonccnve::~io::a: 
pollutants: chemical oxyge:1 deroand (CO::l), total organic carbo~. 
(TO:). total Kjeldahl nitrogen (TKN) and organic nitrogen. 
Sedimentation with chemical addition can be used to remove these 
ncnconventional pollutants: COD, iron, phosphorus, color, a~tll!'.i­
nwn, fluoride, manganese, TOC, barium, t~n. TKN, organic nit:roge:-, 
and corrosion inhibitor. 

Che~icals such as lime, alum, polymers, ferric chloride, and 
sulfide may be added to enhance the settling characteristics of 
suspended particles o~ to p=ecipitate dissolved materials. T~ese 
che~ica:s may be added eithe: individually or in various 
c::::-2::..:-:..a:.:e::s. 

Fe= g=av~ty sett:~~g of disc=ete particles (no chemica:s ac~e~!. 
a t:e::c:--.-scale stt.:dy ....::ol!:C. req-..J:..re a 1 or .2 liter cyl:..:;.de:- as t.!-.e 
necess?..=J' eg-..:ip::-~er:"'.:.. Pa=~ic:es cf kn.0\..--:1. diameter and dens:.:.~·. 
t~a~ a=e ~e~=ese~~a~:ve of ~~e ~aste~ate= of concern a=e i~se=~e~ 
i::::.c ~l":e cy::i.::de= f:.:::ec ~,.;i"":!: ·..:a-:.e:r. Meascrernent·s of C:.s-:.a:-.~e 
se:""::e~ \rers:.:s :.:~e a=e ~c~:e::. A se~tling rate caD be de~e:-::-.:::e.:: 
a::d :.:sed t.c desiq:: c. ;.::...:c-:.-s::a:e g::::. a:1d se:.~li~:; c::.:_-:-.!::e::. ::-.:..:; 
~~:c~-sca:e st~~y ~s des::~~~ej .:a~e= i~ this section. 

F~= !:":.o::-=·..:.:.a:--.t.-c:~C.e~ se-:.:.2..~:-.;, \-."":".:.::~. co::-.-no:--.~y occu!."s \o;:-.e:: c!-.e:- :..­
ca:s a::e added, t~e ap~a::a-:.us fer a bench-scale study stou:~ 
a;:;:::-cx:.::-.e:-:.e a 2C-li~e:- c;·::::d~=-'":i~h sa~.12le ports_ a:t. seve::a:.. 
:..:::.e::'""\ ... a:s. The c:-.e::::ca:. is. added :.o the wastewater. i:r: ~'"ie cy.:.. 
l~~de:: and rr.:({ed by s~:::ring ur:.t:..l a u:--.iform mixture i.s ot:.a:::ed. 
~~e ~:..xt~~e lS allowed ~o se~tle and the settling dista~ce :s 
r;:eas:.lred at va:::o'..!s t:me i:1t.erv?.ls. Sa!r:ples are also taken a:. 
va:-:..cus ~i~.~ ir.:.e::\.-·a:s t..c de:.err..i:1e so:.:..cts loadings. F:-orr. ~::ese 
SCL":",:;l.es a::C meast:r-erner:.:.s set:.:ir-~g rates and total pe:.-cer:t :re­
r:::J\'als ca:: !:le de<:e=ined. Va:ia=~es for this study include -:1-.e 
cherr.:ca:(s) added, its co~centraticn, and the influe~t ~aste~a~e~ 
solids concentration. 

A :arger scale, co::ti::ucus-flow, bench study may be performed. 
Apparatus needed include a 3-liter rapid mixing tank, a.l-m3 

!loculation tank and a 6-r:: 3 setting tank which has the inlet at 
o::e end and the efflOJent weir at the opposite end. No.te these 
are approximate and m6y·vary ~ased on hydraulic load, detention 
time and settling rate. The influent wastewater and flucculating 
chemical{s) are added to the rapid mix tank. Slow mixing occurs 
in the flocculation tank and settling occurs in the final tank. 
Concentrations of the influent and effluent from the settling 
tank are measu:ed and percent removals determined. Parameters 
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for this cor.~int.:ous-:lo'io: systerr. include the i~fluent scl:ds 
cc~ce~tratio~, ~~e che~ical(s) added and :~s co~centraticn, 
!locc~lation tiffie 1 settli~g t~me, sett!i~g rates CLlC sett::~g 
tank size (leng~h·to wid~~ rat~c). 

GAS F:..OT.•.T!ON (D!SSO!A'ED AIR F:..CTATICN) 

Polluta:~t A:o:::licabili ty 

Nonconventicnal pollutants removed by gas flotation may include 
COD, phosphorus, TOC, Tr~. and organic nitrogen. 

Treatabili tv l'.:::o::-oach 

To e~~ance the flo~ation charac~eristics of the pollutants, 
che~icals, such as alum, lime, polymers, ferrous sulfate, fer::-ic 
chloride, and sodium alwr.inate may be added. Apparatus req-..l:'.red 
to cc~duct a be~ch-scale study include a 1- to 2-1iter capacity 
press~r:'.zed cy!:'.nder, a mixing tank .. and a 2- to 3~liter f!ota­
~ic~ ta~k wit~ a~ ef!!~e~~ re~~va: poi~~- St~ps fc= t~e ~e~c~­
scale s~udy may be as fc.:!.lo\ .. :s: sa~~=a~e wa-o;er '"'ith air in the 
r;ress~::~zed cyli::Ce:- a.~ a~o~t 40 to SC ;::sig for several r.,:::;;.:.es .. 
Add .,..·ast.e,;at.e:- a::C · f:ot.a~io:J.-aid (if ap;licable) in t:he ra;:.::..d r..:x 
~a~k. w~ic~ f~c~s ~o :.~e !lota:.io~ u~it. Allow the air-sa~~ra:.e= 
1,.;a:.e.: to rr.:.x \..~:. :.:: "t~e i~!l ce:-,~. by i.::t.rcd~:i.~; t.!"",e t .... ·c st.::ea:::s 
r.ear t~e sa~e pci~t i~ tr.e ::cta~io:: u~i:.. Air b~~les ~l:: 
a~.e=e tc t~e pc::~ta~~s a~~ ~:se t= t~e ~cp cf ~e !lc~a~:c~ 
~~~~ :a~=y~~; ~~e pc::~:.a~~s :.o :.~e :.cp. :~!lce~t a~~ e!!:~e:::. 
c=~=e~:.=~-=~c~s are reeas~red by sa~?!ing :.he app::op=~a~e st=ea~s 
ar.:: t=e:::e::.~ =er:"".c\·a.ls a:-e de:.er-::-.:::ed !c:- ~!"!e pc::utc::t of c:::::ce:-:-:. 
Perfc:-::-.a:-~ce .is based c:: :.!:e a::..:- t:; scliC:s r-at.:.o .:-ec-...;::..::ed t.:; 
ac::ie~ ... ~e a give:r1 de;ree c! clc.r.:.fi.cati.c::. Other paia.rr.et.ers :..::­
cl..,;:1e t.=:e ccnce::t.!"at.:.c:: o: ;:c:::-:..:.cu:a:.e ;:~:.:..e.:-, t.~e-·q.;a::-:i.::y c.! 
air ~sed, the pa::tic:e rise velocity, t.~e sc:ids lcad::..~g ~a~e. 
a~d the che~ica: added a~d its conce~~ra~ion. 

F!!....':'?....:..TION 

Po1Ju~a~t A~~licabilitv 

Nonconventional pollut.ants removed by the filtratio~ precess :nay 
include COD, color, TOC, TKN, and organic nitrogen. 

Treatabilitv Approach 

A large variety of media can be used for bench-scale studies o~ 
filtration. Gravel fine sand, and anthracite coal, used in=:­
vidually or in conbinations, are the most widely used med~a. T~e 
suggested apparatus for the study is an approximately 1- to 3-m 
deep cylinder with a cress-sectional area of about o .1 m2 • For 
proper operation, the cylinder will require a wastewater influe::t 
and overflow valve at the top and an effluent and backwash 
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influent valve at the bct':.o~. Media is placed ~n the cy:::-::::e::- at 
a desired dept.~ ar.d the _i.:--.fl~ent is introduced to the f~: :.e:: 2:: 
the top at a rate bet.,eer. BC and ~00 L/m2 ·min. The >~astei>C.':.Eo:" 
flo>~s through the med:O.a a:-:d exists at the filter bottom. MEoas­
ureme~ts of i~fluer.t a~d efflue~~ concentrations a~e taken a~~ 
perce:-:t removals are determined. When a desired head loss 1s 
reac!"led o:- a breakth::oi.:g::: i:-1 Lhe effluent concer.t:-ation o::c~::s 
backwashlng is required. Backwashing is accomplished by acd::-:g 
>~ater to the filter at the bottom and fluidizing the bed. ~he 
polluting material is removed from the media by the wash::-:g and 
flo"s out the overflo" at ~~e top of the filter. Average ta:K­
IOash rates vary bet.,ee::l C. 8 a:1c 2. 0 m3 ;m2 ·min depe::1ding c:-: -:~,e 
mec:a ~seC. The pr:~::i.p:al fac~c'rs to be deterrr.i.!'led by ~:-:e ~e::-.:::-.­
scale studv a:-e: the perce::t =enoval of pollut.ant.; the se:~=:.:c:: 
of the o;:;tlrr.ally sized fi:te::: medium or media and their res:oe~­
tive dep-:hs; the dete~.ination of the most appropriate :::-:~2~::~ 

. rate a:1d terminal heac loss; and the establishment of tte ex­
pec~ed d~=a~~c~ of fi::.e= ~u~. 

~l~=a!il~~a~ic~ tas bee~ de~=~st=a~ed to remove -- sc~e p~~~:=~ 
~~e !c:l=~~~~ ~C~C:~~E~~:c~a: ?8::~~a~~s: CC~, cc!c~, .:::. -···· 
c=;a~~c ~:~=~;e~. a~~ s~=~a=~a~~s. 

:~e a;;~=a~~s a~~ ~a~e=~a: ~ee~e~ fc= a benc~-s=a:e E~~~y ~=~-= 
~:-:c:..·...:.:::'2 2.:-. -...:.::.=a::.:. :.:-a:.:;;:-. ..-.e:-:-.2::.:-a::e ha\·i.ng cha::-a-:::~e=:s:.lCS c.: 
ap~::-cxi::-.a:e:y :.o- 3 - ~c :o- 2 -l":'.ic=~=-~ rr;e:7'~:-ane s::.ze a~d c.:- :.:: 
:. C-:7.:;::--::: ::-e::-~=a:-.e -::::.::-:..~ess ~ .2.:::::! a p=eSsu=izeC char..;,e=.- ha·:::--.= 
o~e i~!e~ a~d :.~c c~~le~s. c~e o~~le~ on each side o~ the ~e~­
l:~c.:-.e. ::-.::.ue:-."': ... :as:.e·..:c:.ez.- is adde= to the u~ii c::. t..."'le tcp s:.:::-= 
of t:-.e ::-.e::-2::ra:-:e t.:::l:ier a· p::esst.:::e of lC to 100 psig and a f1l t::;,­
t~c:: [:~x =a~e c: a~;=ox:~a:.ely G.S ~o :c gal/!t2 /day;psi. 
?a:--::c:es c! a :a:-ge ~c:ect.::ar size will be excluded a:1d cc:-:~e:-:­
'"::-a":.e:i bY t.~e me::-.!:::=2.:-:.e a:1C t.!:is ::cncer..t.rat~ \.:ill exit at. the e:-.:i 
c;:pcs:.te- ~he \.:aste·..:c.:.e:- :.r.:~ue:1t. The filtered waste,..·a~e= J:C.Sses 
thrcugh the me:nbra:-:e and ex::. ts at the bottom of the unit. !·:ec­
surements for ir.!lue~~ a~d efflue~t concentrations a=e take~ a~= 
perce::lt remova:s dete::n:::oed. The act1.:al size of the memb::a!'.e 
wll: be based on ~he pc":t.:tant to be removed .. variables fc~ 
testing ·~ould lnclude the memtrane pore size ( exclusJ.or. ::at~ng), 
inf:uent co~ce~t=a~:c~, ups~ream p~essure, and filtratic~ ~:~x 
rate. 
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AC'j\"A:'E:C SLL"DGE 

Activa~ed sludge may be effective in removing the followinc r.~~­
co~ve~tic~al pollutants: COD, phosphorus, ammor.:a, colo~. Tv:, 
TKN, sulfide, organic nitrogen a~d surfactants. 

The apparatus needed for a continuous-flow bench-scale stucy c:: 
activated sludge is a charr~er of approximately 0.5- tc l.G-~2 

volume with an inle.t for air, a second inlet for tJ-.e waste;.;~te:: 
feed, an outlet for the treated effluent, and an ad::;usta!:::e 
ba:fle to sepa=ate the charr~er into the aeration a~d se~t::~; 
steps. The wastewater feed unit should be a flow co::trolle= 
syster... Before the study is initiated a desired ~ean cell re:.e::­
tion time should be determined. 7he first step in the ?::cce::':~::e 
is tc seeC tl"l:= u::i t. wi tb. sluCge from a well-cpe::-a-:.:.::.; s::~s:.-=::-. 
ha\·:..r.g an ::.:::..:.:ar volatile-solids conce:1traticn of 2-bc-...::. l,s:: 
rr.g/L. Sta!:.:_li.ze t:~e 1,1r:.: t by supplying air end co::.;::e:.e ~:>::.::; , .... 
t~e aerat:cr. zc~e ~h:le allo~ing !or satisf2c~cry se~t::~~; ~~ ~~e 
se~:.l:~; zo~e. Be;~~ feeding t~e ~astewater at a f~c~ =a~e 
,....e-eo:::::,_a...-•· ....... 2. ...... ·-:eVe -he desired kvA..-a"t.:1ic Ce-e'"'"~-~C ..... t'~"'"~ :'he 
~- ·~- ~~ -:. __ :-::-__ :;-:::~ ·-:~·1 -~ ~ .L.:......... - -,..; - : : ......... :; ... ~:--::.·~ .""C: -~ 
~e ___ s ···"-··""- .. "- 4 .. --- a?,.,-Cx-rr.a"e stea-Y s_a"e C-··~-"-c .. _ a __ 
=ec2!-.e'i. ::::-.:.s :.s C.E::.ec~ed \o'!'.-e:: t:r:e ef.f:11ent B.J: c!:" c:: :s s~=-=:­
~~=e= :~a cc~s~~~~ cxyge~-~ptake ra~e ~s-ach~eveC. s~-~:e !c= 
sc:, cc~, s~spe~ded sc~:ds, volatile suspended sc:ids, ~:~=~;e~ 
and phcs~:-.-:::~~s ":.c _e:;s-..:..!:"e t!',at heal thy condi tic::s :c= t.:-.~ =.:c:::..: ;:.­
ca: ~eg=e~a~~c~ ~=6cess a=e maintei~ed. =he e~!l~e~~ :s =e~=~2i 
a::.er tJ:.e se-:tl::;~ pc.:-~10:1 c! the c.har.ber. Re:-:--.::·:a: ~e=::e::-.:a;-:::-E 
fc; ;:;:e ;;o:...J.~~~:::s e! c::ncer!"l are dete:::tni!:ed ty c:;::-.;:::'"::::; ':.he 
i:::::.:.e:-.:. .::::::: e::.:.·.;e:::":. ccncent.=at.ic~s. Ot..'"ler des.:!"'e:: -!"'es::: :s ·a:--= 
t!":.e c;:.:.:.::-::.:..--:-. Jnea:1 eel~ ::-eside:1ce tlr..e, the bio:o;:cc:: ;;:-,:-;·..:-.:.:--. y.:e::: 
ar:d t.he desay coe.;-•; ri e-r Pa=:-a..rneters for operat:.c:: c: ~:-.e 
acti'.·a"':.e~ sludge syste:n are hydra":.:.lic rete.~ticn tir.:e 1 ::-.e~:-. ce:: 
:res:. de~ce -.:.:.me,· a.":lount of air introduced to the sys-::e::-., ::.::-.::.:: c: 
so::u!s co::cer.tra~io:1, a~d oxygen uptake rate.. If act:..,~c:.ed 
sl~dce is go1ng to be used for a nitrifica~ion precess :c::se= 
dete;tion times and lower organic loadings are re~:re=. 

TRICKLING FILTER 

Pollutant ApD!icability 

Nonconventiona.l pollutants removed by trickling .filte::s a::e c::, 
ar."o::onia, color .. TOC, T~. organic nitrogen, and surfacta::ts. 

Treatability Aoproach 

The types of media most ~idely used in trickling 
tions are rocks, ~ooden slats or plastic forrr.s. 

filte::- ar;:i:::.a­
Appara":.~S ~ee:e~ 
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to pe::fo:::rr. a bench-scale study is a d::um app::cximately ~-5- to 
1. O-rr. in dia..":~eter \.::.. t!"' .. s~ppo:-t.s a~ the bottom to ccn.--:·a:.~ t::e 
media bu't allow t.he efflcer:t to flow through, a.~d a s;;s:.e~ t!"'~c.:. 
will provide an even distribu'cion of the wastewater over t.'1e . 

. media. Media is placed in the drum at the desired dep<::C.. ;:o::::.:­
ent is applied to the media and allo..,ed to trickle t.'rrc·~g!-. t!:e 
media. A mic::obial growth occurs on the media which in t~rn 
provides for the uptake and oxidation of the organics in t.'le 
waste\.later. &~ adequate air supply for the microorganisms .'::C 
p::event anaerobic conditio:os is required. Effluent ex:ts a':: <::::~ 
bottom of the d::um. Hydraulic loadings are approx:mar.e:y c.2.; :.: 
0.48 kg/m3 ·day, both for an intermediate-rate fil<:er. r::::::.:e:-.:: 
is collected and ana::.yzed and compared to the inf:c:e:::t cc:o::~:-.:r~­
tions to ob<:ain the percent removals. Settling of t!:e e:: ::: ·ce:-.: 
after the trickling filter may be ne_cessary to eliminate -:::-.e 
biclog~cal solids. Recycling of the effluent to the i:-.::::.:ec.":: 
line to reduce the organic loading concentration and i~~rc~e 
trea~~e~~ efficie~=ies is often used and should be co~s:~e~e~. 
::-::-eat...--r:e~~ ;2:-a;r~e~e:-s are pH, te~;>erature, medi2 type a:-.:. :.-::;~:-.. 
and o::ganic and hyd::aulic loadings. Slow rate an~ high ra~e 
r::t.e::s rr.ay alsc be ar.a:yzed by va:::-ying the C:-ga:-:.:c a:-.: :-.y:::=~·..:::: 
lcaC:ings and mec.:a dep<:.!:s. lr.fonnation about. all 'the ·;c:,:-.:..2-:::e: 
ra":.e syst.e7':'.s rr.ay be fot::-.:0 i:--. Me~cc.:f and Eddy [ 2]. 

:agoc~s a=e c!~e~ ~sed.to re~cve t~ese noncc~ve~tic~a: ~---·-
a:-.:.s: c::, ::-::::s;:!i.o=:.:s, a.-:-_;:o:-:.:a, cole:-, .TOC, ':'K-1\, :-.:.:.::-~:.~ ::--;~:-.-
ic :-.: :.=ogen, a~C. 51;:-:ac:.a~t.s. J. ... ~ae:-c!:Jic lagoons s::~~:.: :::::. ::-= 
~se::: 'to re:r.cve ~.:':'.c:-.:a a;:d T~ 2:-:.C ae:-obic ..l.agoor.s- s!:.:·..:::::: :::--:.. =~ 
used to =e~cve ~itrat.es. 

Lagoons may be ope:: a ted in three general met.'lods: aer~::::c, 
!as-..::t.ative, and anaerobic. The aerobic method rnav be r..e-::.ar::­
ca~ly or naturally aerated. The mechanically aera~eC :a~~=~ :s 
similar to an activated sludge p::ocess, except tha<: there· :s· 
usually no recycle of the biolog1cal solids. Thus, a be:oc~-sca:e 
study for the aerated lagocn \.lOt:ld be similar to the ac::va:ec 
sludge ~<:udy discussed ~::eviously. The aerobic l~goon u-::::izes 
the natural gro;;th of algae to supply oxygen to the sys<:e::-. ale~.; 
with other natt:::al mechanisms. A bench-scale study fo:: the 
ae::obic lagoo~ would be similar to the activated sludge bu<: 
without the fo~ced air ~o the system. Depths for the ae::cbic 
lagocn stt:dy should be slightly less than the activated sl-..dge l:: 
c::der to rr.aintain ae::obic conditions throughout the lagoon. 
Algae must be maintained in the system at approximately 40 to lCC 
mg/L concentration as the oxygen released by the algae is used ty 
the bacteria in the aerobic deg::adation of organic mat.ter. T~e 
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nutrients and car!:o~ dioxide re:eased in tl:~s degracat:c:; a::--:~ ::.~. 
tu~n, used by t!-1~ ~l gae. Ferfo=:r~ance depencs au orga:::.= l: 2 :::::; 

deg~ee of po~d ~~x~ng, p~, n~~~~e~ts, sunlight and te~pe=a~~~e. 
As in the activated sludge process influent and effluent ccn~en­
trations are measured to determine efficiency of the system. 
Aerobic lagoons are of~en used in se=ies to irnp=ove =ernova: 
efficie::tcies. F:.::l-sca1e aeto!:iic lagooDs vary in dep't...l-: ( 0. 3C :.: 
1.5 m), pond size· (0.25 to 4 hectares) and detention time (4 tJ 
20 days). depending on rate desired, available area,· and or:;a::-.:.c 
loading. 

A faculta~ive lag:Jon benc~-sca:e study Yould be sirtila.= t.::: :.-:-.e 
ae=cbic lagc:::~ s-:~dy excep~ that ~he bottorr. portion o: :.::~ .:c.:;:.::-. 
is allowed to go t.o a:-:ae:-obic cc:1Ci tions while the to; la:;·e:- :s 
aerobic with algae gro;.-t:h. The layer between is tl)e H:.te=.ed:a-::e 
zone that is partlv aerobic a..JC. a~aerobic.. Beside the fac:.:-!"s 
tha~ a~fect perforffia~ce ne~tioned in the aerobic seC~:~~~ c~=:­
t.:.o:lal !act.o:-s a:-e s~:.1dge aCct:.JL:-..:.la:.:or.. anC. suspe::.ded sc:~c.s 
cc:-::e~'": i:: «:!':e e!!::..:e=:~. r.:::::.:t.:::::a: info:-::-.a~:.c~ cs:-:=-e::-:::.:-.:; 
fac~:ta~:~e f~goc~s may be fo~~d in Metcalf and Ed~y [2]. 

J._--. a:;ae:-c!:.:c :ag::::c::: !::e:-::c::::-sc2:e study· is sirr.ilar '":C t..!;.e s;:..:.:::y ~~­
a:1 a::a_e=c!::.:c c:.;es-:i.c~ ;:::-:::;cess_ A ~ypical anaer::::.:.c ~:..ges:::::: 
s:.~dy 1s pe.:-:~:::7:":e::i_ i~ a:: air~ig:-.:. co:1:.ainer t!1a~ is v:::~ c: 
C:.ssc:ved c>:yge::, hea·~·y ::-.e:-ta:s a::d s.._;lfides .. A de~e::"::c:: :.::-<:: _ _. 
2G-5: da}·.s is :-e;-...:i:-e::: fc= a £...::.:-scale u:::. t...- :-:-,e ...,-:s:e;.:c.:::::-. 
~.:..:::::;e :s .:::L~e~ ~c ~:-:.e c::.;es:e:- a:-:d ~:1de:r ·t.he a::a~.;;::::::: c~:-::::.­
t:.c:-.s :-:s cc:-:~·e:-:.e:i t.o ::-.e~:-~a~~~ ar:d ca:-bDn dioxide gas. .=-.:--.a:~·s:s 
c.:f ::-.::·..:e:-,-: c;.:-;~i e:.f2.:.;e:::::: cc::ce::-:::-a-::c:1s i.:ill Cete=::-.i::e :.:-.e ;::-.:.:= 
ess e::.:.c:e:-.c::··· :agc~:-:s C.!."E: c:te:1 t:.sed i:1 se=ies t.::· :.:-:-:_::-c:-= 
"t..:-ea':!:";e::t. p • .:. ,....:. p..-.-.., e<: a::C. shc~:d t;e conside::-ed. c;::e:-a::::-::; 
ya:-a::'le":e!"s i::::: 1.:~..: ;:::, t:.::::-:.e::~ J.e~/e:s, alka:.:r:: -:::, -:e::-; e:-2. :::.:-l2". 
me c.:: ce2..:. Yes:C.e::ce t.:.::-.e a~C .:oad.:::g fac"t.ors. 

NC!;co::ve:1t:.o:1a 1 po!l u~ants re:r.oved by an RBC unit are c::, :::::-.::E­
phorcs, arc~cnia, colo:-, TOC, TKN, sulfide, nitrate, o~;a:::~ 
nitrogen, and su"factants. 

Treatability .t.Dt::roach 

Apparatus needed for a bench-scale study o£ an RBC is a d:.sc ~~:: 
(usually pla._tic) ~o;ith a surface area of approxirr.at:e:y 2: t: 3: 
m2 jm3 that is ..submerge!! about 40 to 50 percent in the ;;as:.e·..:a:.e:­
and rotates at approximately 7.3 m/min (peripheral speecj. ~~ese 
fig'.J.res a"e approximately 40% of full-scale unit requ:.rer.-.e:-.:.s 
12]. A continuous flow of wastewater is applied to the syste~ 2£ 

the influe~t enters the tank where the disc is submerged. Elc­
logieal g==cw'th occurs o:-.:: t.he plas·tic disc surface. i-.s t~e c:sc 
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ro~ates, contact be~~ee~ ~~e biowass and organ:c mate:::-ial ~r. t~~ 
wastewate= occu=s. proviC~~; for the uptake of the o:ga~:cs. ~~~ 
rotation of the disc also keeps solids from settling ~~ t~e dis= 
ta~k. provides oxygen to ti::e biological growth, and shears excess 
growth from the disc surface. After desired detentic~ t~rr.es are 
achieved the effluent ex~ts ~~e tank area. Usually sett!ing o: 
the solids is required of the· d:sc tank effluent. lnflue~t an~ 
se't.t:.led effluent eoncent:-ations a.re measured to det.ec:i:1e :-err:ova2. 
efficiencies. Organic and·hydraulic loadings for the disc unit 
must be sim:lar to a large scale facility. Recorn.mende~ values 
~:~~ ~ ~n o:ga~~= .. ~~~Ci~~--~?- ab.~;t,.. 0.~8 .. :on~~~ ~7 Jo: ~~~?~~~ 3 

of 
lli~~~Q Qnd a h~u~au~~c ~~~~-ng v~ v.o~ ~v v.vo 1~.-,d~y,ill_ ~~ 
rr.ediaa. ln most cases rn~ltiple units are applied in ser:es tc 
ir:-.prcve t~eat.rnent efficiencies. 'Ireat.ment para.'Deters a:::-e c=ga:::c 
and hyd~au!i c 1 oadings, te:r.:;e:-atu=e, detention time, pe:-ce:-:.:. 
submerged, rotational velocl t_y ar:d pollut.a:;.t to be removed. Fc.:­
nitrifica~ion of ammonia a~C organic nitrogen and deni~ri::ca~:c~ 
of :!.:t!""a~es, det:er:ti.o~ !.:.r::es are ex-::e:-~ded, organic and .hy.::::-a:.:.:..:.::: 
!oadi~gs s~o~ld. be less, a:-:.~ add~~~c~al u~its may be ~ecessa~~·. 

S~ea~ s~::-:~;~:-:.; ca~_be use~ ~c ~e~cve t~e fcllowi~g nc~=c~~e:-:.­
t.:c:12: t:=--~:.e.::~s: c::, .=..":"::-:::-.:c=, :'.J::, ':'KN, sulfide, a::.:! c::;c..:-.:.: 
=-~:. :.::oge:-.. 

;.. ·,.·a:-:.e~y c: c::::.::~:::= ca:--. !:e ·..:se::!. =c= t.l":e st:-i.p~ing p::-oces!::. 
k:::::;-::; :.:~e::-. a::-e- a. pecked t.c-..:e::, a s.:..eve t.:-ay d!s:.il·lat.ic~ a::d a 
t~:::.:.e ca~ d:.s:.:::..:a:::c~ =c:.:..:::-.::-.- Ec;..::.prr:e::·t. rec;-..:.ifec!""·fo::- a be:-::::-.­
sca.:e t=ec:::a:::.:..:~::y s~uCy :..:s::::; a pa=ked colum:: includes fee:i 
t.a:-.!-':s, .!:ea:: exc!":a:-:ge:-, a:-.~ ::-.:.--:~s. ':'he cplt;.rrl!: should be abo~~ C­
~o 3:-c~ :~ d~a~e~e~, 1.2- ~c l.S-m high, with Rashig rings o~ 
Be:-: sa~:.:es as cc:-:.::::2.-y use:i packing materials. Full-sca:e 
cc:-..:::-~~5 ·,.~a!."y be-:.wee:: C.C- ar:.:: 3.l-m in diame'te.:- anC 1.2- tc :2-r.-. 
t.i.r;!:. ::-.e :eeC -.,.;ate= is p-.;~.;;ed !:-cr.. the ieed tank though t!:e 
he a-: exc!":a:lc;e= \o:~e=-e it is t=c-.;.g~-:. to near boiling poi:-.~ te;..;.e=c­
t~=es. The waste~ate~ ~::~e=s the colurr~ near the top fro~· the 
s~de and is distributed ever.ly by a corr.'non unit such as a s;::ra;· 
distribt.:tor .. The waste;.;ater flows down the column by gravity. 
Steam enters f"om the s:de at the bottom of the column and :~c~s 
~P ~te col~~n in a eoun~e~e~rrent fash1on. The liquid and s~ea5 
f~ow rates are sometimes expressed as a ligu~d to gas ratio. 
Be::c:.-scale flow rat~; should )le approximately 0. 3o m3 /day fo::: 
liquid and 0. 1 rn 3 /day for steam at about 1 to 2 psi a. Full-scale 
rates are as high as 45 rn 3 /hr at 5 to 11 psi [4). Efflue;;t is 
drawn off the bottO'n of the col~'nn and can be recycled to the 

aData from Treat~ility ~anual, Volume III. 
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in!luent. Ccr.der.sate is rernc4,rec rrorn the top of the co.:.·.:."":-_-:. ::-:--.~ 
influe~~ a~d e!f!uen~ a=e ana2yzed and compared fc: fl~a! t=ea~­
ment effi.cie!1cy. Ope!"C!~:!.ng pa.ra.:neters a::e .feed ccncent=at~c::s, 
waste•ater te:::perature, presst:re, pH and liqu.id and gas feed 
rates. Str~pping,cel~~s are often divided into seve~al tra~s!e~ 
units, each u:1it being separated by a redistribution and pa::::.:~:oc; 
suppc=t plateJ ~o improve t~ea~~e~~ efficiency. Cale~la~~~g ~~e 
r.urrber of transfer units for a benc~-scale or full-scale u:1~t is 
described in several of tb.·c reference publications. 

?oll4~a~t Anolicabilitv 

Nonconve:-:t.ional poll:.:~ants removed by solvent eXtraction (.:i~..::.::~ 
1i~~id ex~raction) a~e COD, colo~, TOC, TKN, orga~ic nitr::ge:--., 
a:1d sur:ac"t.ant.s. 

An:::::-.:g tte· r.-.a::y so:. ve:-:ts t.ha~ c.:::: be used :fc~ tbe e.xtrac~ic:: 
p=o:::ess a::-e cr~de oil, :ight oil, be~::e:1e, tolue~e, iso;:=o;:yl 
e-:!:e.=, -::-.:.c:-esy: ;:~os;ha-:e, and ot.!:e~.s. The.!:e a:-e t~.,;:: types c: 
ex~:-a:;:.:c:-. cc:Ll::-~-:.s ~1-la::. car.. be used, s:r..;.le g~a.;·::.y a~d r.--'2:::!:.:.:-.:­
ca:.:y a;.: ~a:.ed. T~e s:.r.:;::le g:-a~.·i "':.y ca.:! be ~he s;=ay, s:.:::::.e 
pa-::!-:e:=: c:- pe:-:c:-.=:.ed.. ;2.a~e ty;:e. ':he rr.ec!1a:--~ca::~· as;:~a".:.~~ ::y;:~ 
ca~ ~e :.te ;~:se~ packed, ·p~:sed pe=!c~ated or =e=~~=c~a:~~; 
y:a::e -:.:-;:e:. Fa::~:ed t.c;..·e=s use a con.'71cn packi:.g r.;a.:.er-:.a~, s·..:~:-. .=.s 
Ee=: sa:::::es. A;:;a:-c:.:;s !o= a ·labc:-a~o=y benc:-.-scale· s~:..;::y ~=e 
s:.a::~a=d se;:a::-a.:::-y ft!:-..... '1els. u.s.::~; la!"ge b~"'tc!:es c: s:.:·..:-:.:..c:-:..:-. 
a~~ :.~e s=:~e~:. a~d ~as:.e~a"':.er to ~~e fu~~els. i~vert ~~e !~~-

C.:::-bcr:. adsc::ptior. can be used t.o rer:tove the :follo\o.·ir:g n::::::-:~~::::.;:--.­
t:.c:1al poll \!t.ants: COD, phosphorus I cc.lor, TOC I '!!<.,.'\, o=:;e::: c 
nitrogen, corrosion iP~ibitor, and surfactants~ 

Treatabi-lity Aporo.-ch 

Materials and apparatus needed to perform the bench-scale st~~y 
are several 1-liter jars and mixers, and granular or po~~e=e= 
ca=bon~ Various ~~c~~ ameunts of carbon are placed· in each jar 
ranging from approximately 0.5 to SO grams depending on the 
pollutant concentration to be removed. Five hundred milliliters 
of •aste~ater are placed into each jar and mixed for 3 to 6 

aObtained from Treatability Manual data sheets, Vc~ume 111. 
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hours. Sa.r.:.F:es a..t"e taker;. and a::1c;lyzed for pollt:.tc.r:t c:::;.~e:-.:..:-a­
tions. Rer..ov~l e~:ficie::cy is de<:e=mined by ccrr:paring the .:.:-.:..-::a.:. 
and ~~e fir.al concent=aticn of the pollutant. This data can ac=: 
be used to dete~ine an adsorption isotherm that describes t~e 
azr.ount: of pollutant: adsorbed as a function of the pollutan: 
concentration. Depending on.the results obtained, ~ith the 
suggested carbon dosage range, it: may be desirable to repeat t~" 
above p=ocedure using a different set of dosages to furthez 
define ~~e isotherm chazacteristics and removability potential. 
Additional continuous-flow bench-scale studies can be per:o:r.e:; 
sin:ila= to the fil tratlon bench-sc'a!e study pxev~ous!y disc~sse::, 
except· tha~ ac~iva~ed carbon is used as the med~a. 7his t:~e c: 
bene!:- scale study is perfo=med to compare various carbon sa..--::;::.e.s, 
check !"",eaC. loss a·gc.i::st :flc'W' ra~es and bed depths, check back;..;as:. 
!':o·.; rate and ef!'iciency of the system for pollutant rer.>ova:. : .. 
ei. the~ stud}', pa:ra.I:'leters tl.:at affect performance a::re t...'"1e i:::: :..:e:-.:. 
cha::-acteyis~lC a~d co~=e~~=atio~, t~e adsorptive prc~e~~ies c: 
-.:::e ca:-::,o~ a::.:! t...l;e a::-.:>o;_;,_:::. c: a~:.:. va "':ed ca:-bon used. 

s~~co~ve~::.c~a: ?2::~~a~~s =e~c~ed 
_._ ..... , a::-.-:-c:::a-:.:-:.:-cst::, cc..:c:-, 
ge~. a~~ s~=ia~~a~~s. 

t:: che:r.ical cx:Ca::c:: 
':t:2;, s:::.:ice, c1:ga::::..c 

!-:=.::::-· cx:.C:::..:-.; a.ge:-.-:.s cc.:-. te -..;se:::. .:::-; t!":.:.s c!"le::.ical p=ocess, s:.:=:-. 
as c:::c.=:::e, czc:1e, ;::c:..=.s~:-,1.::-. pE:!"T.";a.:-!gar.ate, hyd.=cger. pe::-cx.:...:.e. 
c!::-c~:.:: ac:d, s:.=::..:..--:-. ty::c::::=.c..:-: .. ::e,. calc:!.gn: J-~oc.:::o;~~e p.::;C. :7 . .=.:-:~· 
c:.te:~. (Cz~~e a~~ czc:-:a::c~ a:-e disc~ssed in a later sec:.~:~.~ 
r::ere:-.G.:..r:g c:-. -:::-.e c:;.::C.:.z:::; age:;:. ~sed, the pH may need to be 
a-:!::..:s:.eC. tG ;;~;:;·,;:de q:;-;:i;:-:~-:: cc::C.:. tlC:1S for the oxidizing ;::::::.cess 
a::~ ~r:.:s ca:-. te- accc:7.;:,:!.is!JeC Cy adding ar.. appropz-ia-:.e acid c::: 
ali<.a::.:. i-.f:ra:-ct.1;S ::-e~....;..:r:ec! fo= -:he bench-scale study is a ;,.:.;.::.:-.~ 
t.a::;.k, t.:.se: t.c ::-:.:x. :..::e cx.:.:i:z;.:;.g age:1t and wastewater, and a 
se~-:.:::.r:g ta;:)< t.c p=.eci~: ~ate ar:.y ir:soluble oxidized materia!, 
me~als, or c~her residues. :'he f:.rst step in the process is • ... :::. 
add the a;>propriate che,..ocal to adjust the pH. Next, in the 
rr.ixing ta~k add the cxidizi~; agent and the wastewater. Add:­
t::io;,al time may be a~:o.:ed to enst:::e complete mixing and cx:d::­
ing. Depending on t~e ox~dizing agent used, heat may be libe::­
ated and cooling of the sa.'tple may be necessary. 'Additional 
steps of adding mor:e ox:idan-::, readjusting the pH and adding mo::e 
cxidant, may be des~ed. After all reactions are complete precip­
itation in the settling basin is suggested. The effluent from 
the settling basi~ is com~a~ed to the original concentration to 
determine percerot ::e;:,ovals. ParaJr,eters for this test include the 
oxO.dizing age::t used, its concentration, pollutant removal de­
sl=ed, and p!l. 
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Pollu~ar..t Ac~licat:..li tv 

Air stripping may be used to remove the following nonconve::~i~::a: 
po.!.lutan~s: a..~•~cr...:a, TKN, and free chlorine. 

Trea:2b::.li~v .A.n'O~oach 

Chemicals and materials required to perform a bench-scale s~u;iy 
are lime [Ca(OHJ 2 ] which is used to raise the pH of the was~e­
water prior to the stripping tower and a packing material, e~the= 
plastic, wood, or PVC pipe, about 1.3-cm diameter. Appa=a~;;s 
required for the bench-scale study in:udes a rapid mix tank, a 

.f:occulation tank (for slow mixing), a settling tank, ~~d ~~e 
stripping to•er. A full-scale stripping tower is about 6- ~o 
7.5-~ high and equipped to handle a 2.4 to 6.0 m3 /m2 /hr hydra"li2 
lcaci!"lg and a 2, 25C ~c 3, 740 r..' airjr:: 3 liquid air flow. Be::c:-.­
scale a;pcra~~s s~ou:c net be as tall as a fu!l-sca!e ur.:t. 
I:c:..:e·:=.:-, 4 the }:·y.:::::-a-.;lic load~r.g a:'ld air flow should .be sir..:: c.~ :.o 
t~e =~~:-scale~~:~. T~e ~irs~ step i~ ~~e proced~~e·is tc 
Ce:e:-::-::..::e ~::e c;:;::-cx:..r.;a~e a....7.c~r;~ of li:r.e to add to achieve a ;:E 
be-::,.;ee:: :o.s an;:! 11.5. The lir..e sl~:==r and the con~i,uo:.:s flc;.; 
cf ·..;as:e· .. :a:e!" a::-e i..:.xed iri ~::e ::-apid r.-;ix ta~ a.r.d slew· rr.:.xed :.:: 
t.:O:e r ... r .... --,.~ --~ ""'-: ~a::i{. ca:ci~ .. :Jr. pllospha-:.e and calci.t:rr. ca:-.tv;ja-:e 
a=e se~-::e~ c~~ i~ ~~e se~~ling bas:~. The wastewa-:er !lc~s ~c 
t~e :.();;: c: t:-:e t.:.:· .. :e:- ar;.C t=ick~es doi-r-:1 ~!1:-ough t.:'le packi.::g .... ·::::e 
-:l:e .:.:.= flc· .. : e:-~:.e:-s !'=om the sides and up the to-..er in: cc:;:--.:e=­
c~=:-e~t :as~:8~. ~~e i~te=actior. of air and ~=ea~eC ~as~e~~:.=:::­
s~=:;s ~f.e a.-:-_7.c-:::a c::C: :-e.: eases .:. t :::to t!"le at .. :-:-.::::s::;l:e=e ~!:=::::~;:. ~=-. 
c·.:-::e-:. a:. ::.~.e "':::::;:. c: ~::.e ~D\o.'e:-. ':he effl-...:.entf w!"'4lch flc·..:s c-..:-: 
~!le :t:::;-::::.c::-: o: t::e t.c;.;er, is analyzed a:Jd ccmpa::-ed '.;it!: t::e :::::·..:­
e:-.~ =o::::e:-.-:.=c.:..:.:::-. c: a.";'...::c:-::.a "::c- de:.e:;..i.:;e trea~er~~- e::.:=:.e:-.::·y. 
Reca~bona~:o~ a::d set~ling cf the f:.nal effluent rr.ay be des:.=e~. 
Pa=a~eters fo~ t~e s~udy are ~H~ tem?erature, air to 1~~~~= ~~~~= 
and packing ~a~e::-ial a!"ld dens~ty. 

Pc!l~ta~t An=licabilitv 

Nonconventional pollutants removed by the nitrificationjde~::::-:­
fication process are: ammonia, TKN, nitrate, and organic 
nitrogen. 

Treatabilitv Aocroach 

There are several ways in which the nitri!icationjdenitrifica:icn 
of wastewater can be performed. Some of the methods are a t::-lck­
linq filter, a rotating biological contactor (RBC), an oxida:~cn 
ditch (modified low-rate activated sludge process), and a ~ac~e=­
bed reactor. Bench-scale studies have been presented p:::ev:c-.:s:y 
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fer all of these p=ocesses, excey: an oxida~ion ditch. :~ 2:: 
cases longe= deten~ic~ t:~es are req~ired so that a:l cf the 
nit~ogen in the ra~ ~as~ewater is converted to nitrate {r.i~~~::­
cation step) p~ior to the ana~robic (denit~ification) steF. 
Lo~e~ BOD load~ngs are also re~Jired. The effects of tempe~="~~= 
on ~e nitr~ficationjdenitrification process should be 
co:1s~de~ed. 

An oxidation ditch is similar to an aerated lagoon, except t:.c.-: 
the~e is a constant flow around the ring-shaped ditch. The 
full-scale operation for an oxidation ditch requires a rin~­
st:aped channel app~oximately 1- to 1. 5-m deep, a mean eel: ::ce:e~.­
t:on time of 20-30 days, and a hydraulic detention time of :"-"c 
hours. Bench-scale ope~ations may need to operate a c. nea~ :·_: :­
scale conditions to ensure p~oper removal efficiency. :nf:~e~-: 
is added at cne end of the ring where it is aerated and c~rc~­
lated by a rotor. The effluent is dra~~ off at the oppcs~te e~~ 
of ~~e ~~~g frott the influent. Furthe~ descrip~io~ c: ~~e 
process cc:;. be !ot:.!id :n Xetcc.:: and Eddy [2). :'rec.~e::~ l=-~:-c....-­
e-.:ers ::ic lude organic a::od hydraulic loadings, dete::>t~ c~. t~::-.e. 
::-e::a:: Cel: :-e~e:::::J..c:: ~:;-:-.e, 2.:1d flo·..: velocity~ 

!-:::::cc:-::e:-.:.:c;-.::.2. po!.ll...:«:=:::.s ::--e;.-oveC: !:y t!'le ion ex=~~a:;;e y::'cce.ss 
a:-e: i=c::, p:.cs;;!:c.:--...:.s, 2..'L"':':c::ic, cr;lc=, aluminun:, ma::;a::ese, 
ta::-:.;.:.:;-., ~.::..::,. ":1-2\, 1'!::.~::-a~e. cc::!'"os:on i:n..~ibitor, and s-..::-fa::~c.:--.:.~. 

'::-:e:-e a.:-e a :a::-ge ::~::-.=e::- cf io~ ex.chan;e ma-::erials tlia":.. ca:: :.e 
t:se= :c:: pc:l~:.a::.t- :re:;1cval depe:1ding on the contarr.ina::~ a:1~ .:.:.s 
:.~::~e~~ cc~=e~~ra~ic::.. Some consideration to the proper ex­
cha~;e ~ate:-ia: shc~ld be comple~ed p~ior to commencing the 
s•::..:::~·. ~-;:~a~a::..:s req-..:i::-ed fc:r a be:1ch-scale study inc:-;.;.des a 
cy:~::o::::c:c~: ic:: excha::oge bed, tanks for solution storage, a::d a 
r:..:::-.::.e:- c:: pu.r:.;s. ~epending c:: the waste\.later to be t=ea~ed a:-::: 
t!":e exc:-:ange resin used, filtration un.i ts before or an ar.-.::::-:-.:c.­
s~r~pping unit after ~he ion exchang~ unit may be necessary. 
Steps for the trea~ability tests ar~ to pack the column wit!': t~e 
exchange resin to a depth of approximately 0.25- to 1.0-rn. 
Wast~~ate~ is added a~ the top of the exchanger under pressure, 
passes through the resin bed and exits at the bottom. Hydra-.:l!c 
loac!ings sho~ld be a;::?~cxi1:1ately 0.2 to 0.4 m3 /rn 2 ·min. once t!';e 
bee! is exha~sted Dack~as~ng, regeneration and rinsing processes 
sho~ld be tested to check on economics of the technology. !r.~:~­
ent and effluent concentrations are measured and p~rcen~ rerncva:s 
calculated to dete~ine the technology feasibility. The fac:crs 
t!':at affect perfornance are the exchang.e capacity (a measure o! 
t!':e ~otal uptake of a specific ion), sel~ctivi ty (preference of 
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one kir.d of exc!:a:--.geat.~e ic:1 c~.:e:: a:l:.~!:e:-), ar.d fu._";c:.:.o::a:.:. .o:,:.· 
( t}-pes c! ,ions t..~a~ 'a:-e ex::!":a;;ged) of -:.!:e res.::.n. "l'\o.'c s-:.a;e 
exchange!'"s are oft.€7~ used 'to ir.:prc· .. ·e t:.-ea~":'!er..t perfo=~a~ce a:-.~ 
remove a large= variety of pollu~a~~s. :~e ~astewate~ is f~=s~ 
passed through a catio::: exchanger whe::-e the positively c:t:arge:i 
ions are replaced by hydrogen ions. ~hen the wastewater passes 
over. an anioni= exchange resin whe~e neca~ive ions are re=laced 
by hydroxide ions. - · 

R£'-"ER.SE OSMOSIS ( R.O) 

Pc~l~~a~~ Acnlicabilitv 

No~=o~ventio~al pollutan~s rem~vecl by reve.:.-se osmosis a~e ~=c~. 
p!:losphc.:.-us, ar.-.:no:lia, cclor~ alt!.:ni::u:;:, f:cc=ide, ma.T"Jganese 1 ba=.:.t:..-:-.. 
tin, T~, nitra~e. crga~ic ni~roger., ccr:-osion inhib~tc~, and 
s~:::!ac":.a~t..s. 

:-::e che::-:ical·s r-eq-..::red fo:: a be:-:::::..:sca2.e ~=ea-:a..:tili ty s~:..:::;· '"-~::.:.c 
be t~cse used to lc~e~ ~~e pH to a =a~ge of 4. to 7 ~~ o~Se:- ·~ 
::;-:-eve::~ sca.:.i::tg. t-:e:-:-.=:-c.:-~e rr.a:.eria.:s a!""e ~.:ides;:~ead~ \..':.:.~ ~~e ::.\.:'~ 
r.os:. cc::-.-:-.c:: ~:::-pes ;;,e:.:'lg se::~:cse ace:.a7.e a!ld r.ylor:. :-::e a~;:c­
:-a:::.:s f:::- ·:.~e ::-ea::.L:i:i -:~- s~"Jdy :::c:~des p::e:-:::-eatte:-.: e~..::;:::-e:-.--:, 
a ::-eve::se os:;-.oE:.s :..:r:::. a:1d a h:.gl: ;;::-ess...:~e ;;:.:..::-:;:. A t.y;;.:::a: 
f...:.::-s=a:e c:;::e.:-c:.ic::: 1.:o...:lC ::e;--...:i.::-e ~~~": .;Jc ::c 60C ps.: F:-ess:.::-e 
at abc~: 2:i t.o 2s=:. :-::e .......-as:e;...·a:e= is firs: p::-et:-ea:eir ·..;s·...:.::.::.::· 
·..:i'":...'"-: a ca:-!:::;:-: aC.sc~:.:cr. t::-::.~. ':'!1e !lc-..: t:'""'le:: goes :::.:.: ::-:e :;:,: 
U:r' • .:.:. c.: c;;e e:.:d l...!~.::e:: p=esst:.::"e c.::d ~~e :-.e.::-.=::a:-:e sepE:!'"a:es :.::e 
y~::~:a~: e~d p::cC~c: ~a::.e::. ~~e ~===~=~ e:::~e~~ ex::s =~ ;:~~~ 
a: the Slde a~d :l"le cc:"lce:l:::ated b:::.-:.::e ex:. ts a:: the ct:;;cs: :.e e~.:::. 
to ;he ir.f:ue:::.. :::::ue::t a::-= -e.:::::::-.:: -tc~e:-.'trat:.-o:::s a·=-e r.-:-=.s­
llred a:1d co:::pereC t.o de~err; . .:::te -:.:-ea-: .. ::-:e:::. e!"fi.cienc~es. F:-..:.x 
:-a-:es thrc~gh the ~e:::-~ra~e should be a;:;.=cximately D. 2C to C.::: 
rr:2jday;r.:. 2 • Pa:ra7:ete=s a.f:ectiD-g pe:-!"o::::-.2n.ce include t::e r.:e:::-.::~a:-.e 
t:-pe, the opera~i:1g pressure and "t.he pc2.:-.;"!:a!1t. to be rei:lc\·ec:. 

Follu~an~ Applicability 

Dechlorination is used to remove the !ree or combi~ed chlcri~e 
lo:astewater. 

Treatability Aoproach 

Commonly used chemicals for the reduction of the chlorine are 
sulfur dioxide (502 ), sodium sulfite, sodium meta!:isulfate. and 
sodium thiosulfate. For a bench-scale t=eatability study appa­
ratus required "ill be holding tanks fo= the S02 gas ar.d l.'aste­
water, injection lines for the S02 gas, an eductor, and a mix~ng 
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tc.:-.k. Becat:se t!-!e req:..1.i~ed co~tact tir:le for the so 2 and c:-.:.c:.:-:.:-.e 
is small (less tha:;. 5 secc:1ds) a co:::.act c[:a=.ber is not necessa=v. 
Chemical ( ccr::rr.o:-,ly sc:l :u,- dioxide) feed rate shot.:ld be app::ox~- -
matelv 1.1 lb/:b ::esid·.:al chlor~r.e. Feed rates for othe::: c!":err.:­
cals will va:::y. The bench-sca.le procedure requires the 502 gas 
to flow from the holding tank to an eductor where t.'le so2 is 
r..::.xed "i th wate:- to fc::rr. a li.cr~id solution. This solution is 
then fed into a ~ixing tank "here the solution water and chlo:::"­
nated influent are t!":croughly mixed. The effluent from the 
mixing tank and the chlori~ated influent concentrations a::e 
measured a~d treatr.1er:t e.::ici~ncy can be determined. 

The key co~trcl paraneters for th~s p=ocess are proper dosaqe ~= 
58 2 based an p1eecise monitoring of the chlorine res~dual and 
ade~ate rr.ixir.g at L~e po~nt of ap~:ica~ion of 502 . 

}';o~::c=:·~·e:-.:.:.c:-.a:.. p~: ~ ·..:ta~.ts :-e~~::Y:e:::. ty oz c:-.ation are: C~D, -::.:,. 
a.:.-..7.o::la, co:~::-, ::~x. s~:.::.de, s:...::-!"'act.a!1ts, a:1d orga:-.1c ni.-r.::-o.;·=::. 

':'~e che::-.ica: =e;-...:i:::-e~ fc;:: t::e be;.c~-sc2.2e ha":..ch reac~cr- ":..r:-e::::.=-
t:..:.:..":.y s:.:..:::1-· :s ;.::.ass:..:.:...":'. ~od:LO::e_. Ec;"J.ip::-.ent. reqt;.:.:-ed fc:: ~::e 
st~dy i~cl~~es a~ czo~e ge~e=a~cr, fc~= 1-li~er sealed glass 
cc~~ai~e=s, a 3-:ite= g:ass reac~o=. a glass Frit dif!~ser, a 
:.: .... ·c- ... :ay g:ass ·· .. :a>.:e r.-:o:..:.::~e:i c:: :.~e side of the reac'tor i;1 c:-~e:-
~::) t,.::~:::.:.-2· .. · ~e:-.:.c:.:.:.:: sa::-.;.:es, a :-o-:.:::7-et.er to ccnt::-cl gas ::c~,o.·, 
a::C a '""·e:. ~es:~ rr.e:.e::- :.o r.:eas'..!!"e t~e gas flow. The p::cced·.:::-e :.s 
as :o::c\-:'s: s:.a:-:. :.:.;; :.he czc::e_ge:-:.e=at.o~ ~·:.t.h oxyge~ cy::.;;::!e; 
at:.ac~ed. r::: t~e sea:ed g:ass ccn~a~~ers with one-liter cf 
po~ass:~ !oCi.de sc:~:.io~ a:. abo~~ a 20 g/L concentratior.. Fi:: 
-t~e 3-:::.e= reac:or ~i:h wastewate~. Adjust the ozo~ator gas 
f~c~ to t~e desi!"ed !:o~ =ate using ~he rotameter and dive~~ 
3-i.et..e:-s c: t.!'":e gas ::.a·..; th::-o·ugh. one of the glass containe:-s. 
':'l:e gas st=ea.-r: is t!:e:1 c:.· .. .-erted t~=o'Jsh the waste sample and 
ozc~a~:~~ c~r.~l~~es fc= the des~~ed ccntact time. Samples s~:~:~ 
be taker: at ir:.tennech ate times. Pass the gas to the remaining 
glass containers to ensu:::e that all t.~e ozone is captured. A~ 
the end of the contact time stop the gas flow and remove the 
solutions from the :::eactc:::s. Meas~::::e the residual concentratior: 
of the pollutant of ccn=ern and compare to the original concen­
tration for treat;:1er:t efficiency. Treatment parameters are the 
contact time, the ~antity of ozone applied, pH, temperature, 
concentration of was~water c~nstituents and the efficiency of 
the ozone "'astewater co:1tactor. 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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The objective of this report is, first, to provide to industrial 
or municipal perscnnal a list of feasible treatment alterna'C:ives 
for contro:lin; speci!ic .nonconventional pollutants. And, sec­
ond, to present a general bench-scale treatability approach fo~. 
each treatr..ent al ~e::native. 

These objectives are achieved in a matrix table of eighteen 
nonconventional pollu·t."ants and the varicl.!s treatment alterr.a~ives 
tha~ can be used to remove these pollu~ants, and by proviCi~g a 
ge:1eral approach to the benet-scale treatability study for eac!: 
treatment alter:1ative listed in the mat=ix. This gene=al ap­
proach is broken do~~ into the following sections: pollutant 
ap~lica!:ili .o:y, ~,o.·!:ic:-~ liSt.·s t.he pollutants t.~at the technology r.as 
the po~e~~~al to re~ove; a~d t~eatabi!i~y approach, ~hie~ Ce­
sc::ibes ~'rJ.e cn:e.r:.:.cc.ls,. r.;a'ter:a:s and appa:ra~us req-.Ji::ed, t.,'"';.e 
ge::e::-a: s-:.e;s, ":.::e !r:-.pc::":a::~ desi~ facto:::s, the results tc be 
cbt.a:.ned, a::d t.!"'.e C?e:=a""::.~; ::-a~a.."7.-e":.e:::s fer the benc!'-.--scale s-<:.~.:C.y. 

J..?? ?, : .!.., ::-: 

• r.. 

:!:e dc-:a ga:.te=e:! :c:: 't.::.e rr:a~=ix table \o."as co~.p.iled t.hrot:;!"". t.\..'O 

~e~h~Cs. F!~s~, Ca~~ ~as cc~~:led !rorr. Vol~~es III a~d V c: tte 
:-:-eat.a..t:2.:..~y 1-:an:.;a.!. Vcl1..:..:r.e 111 1 S sOjec~ matezial .is Tec::..-::c:c­
gi.es. :r:::s ,,.c::~e g.:ves a tee11~clogical""'de!fcripti.6"n;- pri~a=y· 
:u~c":.ic::, bas~c ope=a":.~ng principles, design criteria, co~o~ 
n;o:!.:. fica-:.: c::s a:::d ·a~~lica~ions, limi taticns, status, enviro!'l­
mental impac~ and che~ical requirements for each tec~~ology. !c 
adC1.t.ion, pol.!ut.ar.t. removability data sheets for various ind:..:s­
t=ies and st:...,-:,a=y tables for each technology are included. 
volume v c! the ~anual summarizes much of Volumes I to IV anc 
p=o~ides a quick =eference and evaluation scheme for L~e N?DES 
pen::i t wri.ters, enforcer.;ent p<>rsonnel and industrial or mur.icipal 
personnel. !n Appendices C and D of Volume v are tables showi:1g 
Median Removal Efficiencies and Pollutant Treatability Index o! 
different control tec~~ologies for various pollutants. From 
Volume III and Volume V, App!mdix C and D, infonnation on pollut­
ant removability potential by the various technologies was 
gathered. 

The second meL~od for data gathering was through 
ature search. A bibliography of this literature 
er.c of the report so that additional information 
and pollutar:t removab:lity may be obtained. 

a general liter­
is shown at the 
on technolog1es 
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2. Explanation 

T~e focus of Volu..rnes ·I:: a::~C. \.~ c!' tt-.::.s Treat.ability Manual is c:: 
the conventional a~d toxic pollut~~ts with little e~phasis o~ ~~e 
ncr.conventio::al poll·~:.ant.s. :;"he matrix tab:e presented in t::::.s 
repc~t has beer. des~gned ~o e~p~asize the nonconventional po:l~~-· 
an-:s as a cor.tir.'..lat.ion of the Treatabili·ty r-:~nual' s infor;:la~:.cr .. 
The P~=Pose of the matrix; L~en, is to show that L~e marked 
technologies have t.'1e pot.ential to remove a specific pollu:.ant. 
For exa.Eple, if an indust.ry has a problem of iron in their wast.e­
wa:.er, po:.e::t:al :.reatner.t alternatives are sedimentation wit~ 
che~~cal additic~, filtratic~. cherr.ica: oxida~ion, ion excha~Ge, 
reverse osrncs~s and ozo~aticn. -

Blank spaces within the matrix indicate that data relating the 
tech.""Joloc;y with the pollutant is not avai:able and, therefo::-e, 
is assumed that t~e tec~~clogy is not a feasible alternative ::= 
t::e re::;c·.,:al of t.:O:a-: speci!ic pollutant. Tecl-' .. .'1ologies no't r.-te:-:­
t:c::e::! i.~ ~::e. rr,a~::::!.x we!."e n.:::t. ::::c:1s.ide~ea ~:-, the stuCy be::a~se: 
da:.a \o:e:-e ~~": a·~·ai:i:ble. 

Eo::::::-.. - s:: 2 :e t.::e c. :.al: :"...::.. ~y s "::..:,2_~· i:-.:c:::-::.a'":.:..c:1 ~,o:as obtair:ed ~~.::;)'...!S~- = 
~e:-:e::.-a:!. :: ::e~=:.·..::-e sea:.-c:-:. :-:-.e t:..!:2.ic;:-a~!":ies are :.:.ste::! a~ -::.~ 
!:a:::.: c-: :.:::s ::e;::=.:-:.. ~:a=:.s-:.:s j a=-~es~ a!1d bench-sca:e s::.:::::.es. 
::;:e:.-a:.:.:::; :;:a:-a:r.e:.e:-s, des.:.:;:-. c:-::e=ia ~:1d process steps "'e:-e 
:c·..:::::: ::: :.::~ · ... ·a=:.::~s :-e;:::-"':s a:-~C: tte t.es:.s a::d, cri ~e=~a r.::-s-: 
:-e;: :.-ese:-. :.at:. ve c: ~:.:.s =e;:.ort. "'ere used. 

2. Ex;;~a:-:a~::.o:-: 

:-:;e be:-::::;-sca:e t.::-ea~abili ty s":udies are presente·d in a ge:1e::-a: 
- fc~a:. t.o al:c·..: ;:e::sorL""le: ~,.;:..th. a treat..'nent problem t.o p:.-epa'!"e :c= 

a:1C ~::ders~a:1d :.he r.;ag::i :uc!e of the study and to provide the 
ap~~exi~a~e steps required fo~ the s~udy. For many of the te~~­
::clogies, add:.tio::al in!"orrr.atio:: may be desired if an in-dept:-. 
b.e:-lch-s~:ale study is t.o t.ake place and it is suggested u~at. the 
re!"erences at the e:1d o: this report be consul ted. Some pol·lt;t­
ants may be removed best by a corr~ination of traaLuent processes, 
such as !il tration before a carbon adsorption system,, however, 
t!lese combinations are not within the scope -,of t..~is report. 
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h??::!~:'.;!X C 

Rev:ew of State M1x1na Zone Polic1es 

A rev1e.,._· of ind1v1dual State r.1ix1ng zone pol1c1es (llste:; 

on pages 3 and 4 of this appendix) shows that forty eight o~ 

the 50 States r,;ai<e .Mention of a mix1ng zone in sone for;:-.. 

T~irty-one out of 50 s~ates (and 2 terr1~ories} include act~&: 

m:xing zone dinensions in their ~ater quality standard~4 for 

strea~s, 1~ of these 31 states ~ode: thelr ~ixing zo~e g~1de!:~e~ 

req~ire~~~:s o~ :~e G~ee~ 5ook (~ater Q~ality Crit~rla, :?EE 

t;t.::ae.:i::e.s. 

s~a.:: nc~ exceed :. • & • c- t.:-.e a;;d,o:r 

7~e re~a:~:ng S:ates ~ith def1ned ~i~ing zones va~y :n 

t~e1~ req~irenen~s, a:1ow1ng dirnensio~s from as lo~ as :;s 

of t~e cross-sectional area (Ohio) to as high as 3.'4 of t~e 

cross-sectional area (South Dakota)., Ohio uses 1/2 of the 

stream width as a nixing zone boundary. \'~est Virg~nia includes 

a length di~ension in its oixing zone policy: for wari.l w.ater 

fisheries, no oixing zone may have a length exceeding ten ti~es 

the average width of the mixing zone, and for cold-water 

fisherles streaos, no r.ixing zone may have a length exceeding 

!ive times the average width of the nixing zone. 
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-...:-

T--_.;o s-:.ates r:-,ake r~o ref-er-ence ~o r. • .:..x1ng zones at all: 

Ar1zona and Fennsylvanla. Accord1ngly, EPA does not recog~~ze 

a~.y r.ixing zo:1es in those Sta.tes, and water quality rec;uaeC~e:-.::s 

r.ust be net at the ?O:nt of discharge unless the State and 

the ap~:1cant develo~ a case-cy-case ~ix1ng zone. 

Mixing zone di~ensions for fakes vary fron State to S~a~e 

de~e~d1~g c~ t~e re!a~~~e s:ze o~ lakes '~ each Sta~e. 

tA!aska, Ge:aware, F:or:~a: ~se ::~ s~r~6ce area as a genera: 

s-....:.rface area. sna:ler.) 

7te po!1cy on es~Jar.:..es has oeen sonewhat similar to t~a: 

for :akes. I~ ~est cases they are both ~rouped together. 

states that do nention estuar:es ~ixing zone dinensions (Flor:oa 

and D.C.) use 10% cross-sect:onal area as their nixing zone 

boundary. 
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State-by-State Mixing Zone Dimensions 

State 

Alaba-:-.a 
Alaska 

Arizona 
Arkansas 
Cali for-n1a 
Col o:-a8o 
c cr.ne::;: !cut 
!Jela..-are 

D.C. 
GE-or';1;.a 
f:cr:Ca 

:Ca.~.::: 

: l:. 1:10:. s 

Ind:..ana 
I c..., a 
.Kansas 
.Kentucky 
Lou1s::.ana 
~~a i nt 
Mcry:anC 
~assachussetts 

Hichiyan 

!< innesota 
Mississippi 
/-lis sour i 
Montana 
Nebraska 
New Jersey 
New Ha-:1;;:>shire 
!\ew t>iexico 
New York 
t-:evada 
!\crtn Carolina 
Nort.~ Dakota 

Water Body 

0 
river., s t re ans 
lakes 

D 
large strea.T..s 

G 
0 

st.:rea:;.s 
st:--ear.-.s 
lakes 
est.~a::-y 

r v 

s: rea:.:s, rivers 

.:a~.es, es~uaries 

0 
c 

all 
. strea:7:s 
st.rea"T:s 
st rea:r.s 
s:rea.7.S 
strear;.s 
s t:-ea;ns 
st rea."T'.s 

0 
0 

streams 
Lake to:ich igan 
streams 

0 
strea!ns 

0 
I! 

streams 
streams 
strea.J""ns 
s treans 
s trearns 

u 
strea:ns 

CS = cross-sectic~a! 
area 

SA = surface area 
0 = not listed 

Dirnens ions 

0 
< 1/3 cs 
< 10 % SA 

< 1/~ 
0 
cs 

0 
c 

< l/4 cs 
< 113 ts 
< 10% SA 
< 10< cs 

0 
< 880 ~e te~s 
< l 0! t.O .. a 1 ,e:~- .. ~ '- ... 2 ... '~ ..... 
< 125,60C r.: if:: I :-e:.:i.:..:~. 

< 10% SA 
0 
0 

< 6CO ft raCi:.:s 
< l/.; cs 
< 1;.; cs 
< l/4 cs 
< l/4 cs 
< 1/3 cs 
< l/4 cs 
< l/4 cs 

0 
0 

< l/4 cs 
< 1000 ft radius 
< 1;.; cs 

0 
' 

' 

< l/4 cs 
0 
0 

< 1/4 cs I thenna1l 
< 1/4 cs 
< l/4 cs 
< l/2 cs (thermal) 
< 1/3 cs 

0 
< 1/4 cs 
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01".10 

Oklahoma 
Or-egon 
Pennsylvania 
Rhode Island 
Souttl Carollna 
So~; th Da:.Cota 

Tennessee· 
Texas 
utah 
Verrr.ont 
Vir~inia 
~·as:--.lr-:gton 

he:: t. \·:i.r-:1n:.a 

;...·:.scc::s in 

·~·:.:-;:.:: :sl.anCs 

-~-

~eceiv1ng wate~co~rse 
~c~t~ ct ~eceiving 
strea:r.s 

0 
0 

s trearns 
0 

strear.is 

0 
s t re a!i',S 

0 
streams 

0 
0 . . " .... 1 s .. s~rearns 

c: :c: ..,.a-:er !:is:-. strea:::s 
lai<:E:s 

s-=.r-ea.:;.s 
r 
c 

c 
s':.r-ea"':".s - .... .., ........ 

< 1/3 cs 
< 1/5 cs 
< 1/4 cs 

0 
0 

< 1/4 CS (thermal) 
0 

< 3/4 CS or 
Too yards of 
stream width 

0 
< l/4 cs 

0 
< l/4 c s 

0 
0 

< 33% cs 
( 20% r-

-~ 

< 300' a:~.y 

direct ior, 
< l/4 cs 

0 
c 

< 1/4 cs 
< 400 ft 
< ~DOG fr.. 
< l/4 rc 

~-
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PHYSICAL ASS£SSMENT 

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

Municipal wastewater effluent discharged into the ocean through 
submerged ou:falls creates a buoyant plume that rises quickly toward the 

surface, en~raining significant amounts of ambient saline water. The 
mo;;,er.~um ar.d b:.oyancy of the effluent relative to seawater are primari1y 

responsib1e for er.trainmer.t of seawater, although in some circumstdnces 
a;;,bier.: c•rre•ti and turbulence also contribute to Initial dilution. 

O·.e CO"Seqcer.:e of the entrainment process iS thal the density of the 
risl~; plu~e beco~es grea:er and approaches that of the ambient wa:ers alon; 

i:s tr~jec';.ory. If a sufficient ambient, vertical densit'y gradient or a 
s:ca::fica:ion zone (like a pycnocline) is present, the plume can spread 

h'cizoc:.:11y a: a level of neutral buoyancy below the sea surface. If a 
sufficien: density ~radien: is not present, the diluted wastewater plume 

reaches the s•rface and flows horizontally. 

IN:7;AL DILUTION 

Data Require~er.ts 

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, .1nli arr'an9ement 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 multipart 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 
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period(s) of m:ni~crn stra:ification, It is not necessary for the applicant 

to calculate tne initial. dilution for ea::h port but only for that seg;ne•.: of 

the diffuser witn the highest flow rate per unit diffuser length or for t~e 
port_ with the highest flow rate, 

Effluent flow data are required for the computations. Historical data 

should be used to determine the minimum, average dry-weather, average 
wet-weather, annual average, and maximum flows. 

Since initial dilution calculations can be strongly dependent on :r.e 

vertical gradient of density relative to the density of the wastewater, 

larger applicants will nee~ to evaluate a substanthl amount of data free­

beth the dischar;e site and nearby areas having similar environmectal 

cc.,ci"::~ons befo~"e se~ecting a wors~-case density profile. Since amtcier.: 

currents may affe:: the initial di 1 uti on achieved, a modest amcuct of 

currer.t (.the 1cwes!. 10 percenti1e) can be used in predicting ini~ial 

dilutior.~ 

Ini~ial dilu~ior. is the flex-averaged dilution (averaged ove• ~~e 

cross-sectior.al area of the plume) achieved during the period when dilctiQr, 

is primarily a result of pluroe entrainment. It is characterized by a ~ir1e 

scale oo the order of minutes. liith proper location and design, marine 

outfa11s can achieve initial dilu~ion. values of about 100 to 1 or be::er 

before the plume besins a transition from essentially vertical flow to an 

esse.otially horizootal flow do,inated by ambient ocean09raphic conoitions. 

For the purpose of this evaluation process, "dilution• is defined as the 

ratio of the total volume of a sam~le (ambient water plus wastewater) to the 

volume of wastewater in that sample. A dilution of 100 to l, therefore, is 

a mixture composed of 99 parts of ambient water and 1 part of wastewater. 

Adequate initial dilution is 

quality standards. A number of 

dilution which will be achieved. 

necessary to assure compliance with water 

factors influence the degree of initial 

These factors include: 

Discharge depth 

Flow rates 

Density of effluent 

Density gradients in the receiving water 
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A~~ier: CJ~rent speec anc direction 
Diffuser chara:~eristics 

Port sizes 

Port spacing 

Port orientation 

There are a number of methods and models available to calculate the 
initial dilution to be expected for different oceanographic and diffuser 

conditions. This section describes several method.s of computing initial 
dilution. 

Co,~uter Mode 1 s 

Seve,al r.:<t'.e"'atical mocels are Hailable from EPA which are 

appropriate for Ciffe•er.t oceanographic and diffuser conditions •. A summary 

of the characteristics of these moce~s is presented in Table V-1 and a brief 

description of ther.: is providea here: 

• ?~:.J~~- An~lyzes a sin;1e, pcsi:.ive1.r· b~OJant plume in an 
a ... ::!~rar-ily· s!.ra~ifieC s~a;;.--:a:.~ er.v··ironner.t. 

e Oc~F~r-:- Analyzes a single, positively b~oyant plume in an 
arbi~rarily stra!.~fiec flowing environment. 

• DKHPLIJ- Analyzes a multipart, positively buoyant plume in a 

linearly stratified flowing receiving water. 

• MERuE- Analyzes either positively or negatively buoyant 

discharges. The model analyzes a plume element through the 

history of its trajectory and dilution, accounting for the 

effects of adjacent plume interference in a receiving water 

with arbitrary vertical density and current variation. 

• liNE - Treats ai_scJiarges ~s a line source accounting for 
adjacent plur.~e interference. The model is capable of 
analyzing positively buoyant discharges in an arbitrarily 

.stratified receiving water with a 

or perpendicular to the diffuser. 

·current flowing parallel 
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Model 
Nar>e 

PLU~E 

o·: ... "'· ... "' I r' \..• 

DKH~~~ 

MEKG:: 

u~;: 

;;.~·-E V-1. SUl'.~.I..RY OF PLUME ~ODEL CHARACTERISTICS 

Current 
Speed. 

no 

yes 

yes 

yes 

yes 

Current 
Direction€ a 

goo 

70° < G < 110° 

goo 

0 < E < 180° 

Port Type 

single 

single 

multiple 

multiple 

1 i ne 

Density Profile 
Type 

arbi trar'y 

arbitrary 

linear 

arbitrary 

arbitrary 

a ~ oc••e•t '~ow'•~ per;end!~ular to the diffuser axis has current direction 
a_--~. , o E = -:-c-.e wices~ rao;e cf possib.e angles js 0 to 180. 
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The first three of these models are described in detail by Teete' and 

·Baumgartner (1979) and are adequate for most situations. The model MERGE is 

a generalization of OUTPLM. The model LINE is a generalization of Ro~erts 

(1979;. Neither MERGE nor LINE has been published in the open literature 

but both have been used in the evaluation of section 301(h) applications. 

All of these m6dels are available from the EPA. Applicants are not require~ 

to use any of the models listed in Table V-1. If other ll!ethods are use~. 

however, the application should include a detailed descriptlon.of the 

method(s) employed and demonstrate that the method(s) provides reasooa~le 

estimates of initial dilution. 

Other me:hoas to determine initia1 ci lution may incluce in situ 
obse:--vations. H~wever. if in situ obser~·a~ior.s are used. the app~~ca~~ 

sho.id demoos:rate that they represent the critical dilutions, nat mere:y a 
typical dilution. In adcitlon, there are a number of other mathemat,~al 

mode~s availabie lrr the pt:b1ishe::l 1 iterature which can be adap~e: fC ... 
es~ina~in;1 ini:~ai dilL.::ion. Re~erences whicn describe several of -:h:se 

moce:s are: A.'lraham (1963, 1971); Baum~artner and Trent (1970); 6au'-1!;a·:r,,;c 

eta:. {197:); 8rlgss (1959); Broo<.s (1973); Cederwall (1971); Davis {!S75;; 

Davis ana Soi:-azi (:9;&); Fan (196i); Hirst (197la, b); Kannberg anc ~a>IS 

(:576); Kor: c'i:: ra~. (1570;; Ho,.~on (1959); Mor:on et al. (1956}; Pri~s:~e:' 

and Ball (1955); R;use et al. (1952); Sotil (1971); Teeter and Baumgartner 

(1979); and liiniars<i anc Friel: (1976). 

ZONE OF INITIAL DIL~TiON (ZID) 

The ZID Is the region of initial rolXlng surrounding or adjacent to the 

end of the outfall pipe or diffuser ports and includes the underlying 

seabed. The ZIO describes an uea 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 

tllase predicted for the critical conditions described above. The ZJD does 

not atternpt to describe _,.e-area bll'Jnding the entire.mixing process for all 

conditions, or the total area impHted by the sedimentation of settleable 

material. 

AR-31 



In general, t~e z;o can be considerea to inclutle that bo~:or. a-:a 

within a dista~ce equal to the ;;ater depth from any point of the diffcse' 

and the water column above that area. Figure V-1 shows several examples ~J' 

different diffuser configurations and corresponding ZID dimensions. 

DISPERSION AND TRANSPORT 

A general description of the ambient currents expected withio toe 

influence of the diffuser site is required by EPA. Since this des:ri;::1or. 

is primarily of use in the determination of where the effluent waste~ie1c · s 

likely to be transporte·d during several days' time, the response to :"'s 
subse:tion should be of sufficient detail far this purpose. In a re9ior. 

where currents are predominantly tidal in nature, current persisteo:e a·: 

the mean curre~: spee~ and its variance, with respect to the pri~a~y 

direction[s) of water flo.;, should be given. If the currents have la•;e 

co:nponen:s unre:a:ed to tical influences [e.,., wind induced c:urre-.:s), :hec 

a more de:ailed analysis should be performed. The aean, variance, a": 

direc:ion of the tidal coon~onent shoulc.be determined, as well as a syn:~s:s 

of tne nontical cutrent speed, direction, and persistence. Depth var~a::ocs 

in currents are ir;;~crtant at dep~hs where the effluent was:efie1Cl is 

trapped. 

The basis fa· the current estimates shocld be provided. A:ce,:=~:e 

·sources of inf~r~atio~ are site-specific measurements and/or pub~i-s,e: 

measure;nents or precictior.s. The Tidal Current Tables published annually 'of 

the U.S. Department of Co:n-nerce [see USOOC (l979a, b)] provide tidal curre·.: 

ir.foc:nation far a large· number of locations. Information fro:r. ctc.e· 

publisned documents is usable if the documents are available to EP~ cc 

request. 

Expecte.d or measured dilutions at significant shoreline stations she_:: 

be included. Section VI of this document provides further guidance on 

computing farfield dilutions for water quality parameters. 
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Y·DI~FUSER LINEAR DiFFUSER 

SINGLE POINT L-OIFFUSER 

Figure V-1. Diffuser types and corresponding ZID 
configurations 

AR-31 



r.??E:C~·: F 

7 . 30:!. (g) OY.!"~"IER !1):::JE1..S !OR 
FRED ICITNG DTI.l.JTl CJ:\ 

The fo llo;.;o .. "lg sec:::i<T.l rec:anrends cttJ?Ute:r =de ls tha:: = 
be usee to pyeCic't t.he d.:C....'"'1g c..~act.e~ics o:: l\?D:.S 
disc:.~z::-ges 1...:1de~ a variety o: hyd:rological condi:icr....s _ 
o~~ i..."1clu~8. i=: '::~is section are i.."'ldividual progr~ 
l:.sti...-:.gs. 7;-:ese ore a\.-a..:.l.i:Jle ~ E?A he.adq-..:a=-:e:-s.) 

;...J:::i ~io:-Bl g-.:idance O:"! &.c use o: 7at.'leratical ::o-.le:.s :.:: 
ie·:e:o::i:r~ ;-:as:.eloa.:::: a:_xatio:-::s 1s a·.ta:ilal:::le :r-a-- t...'>Je 
~-:as-:.e:.Qa:.1 ;-.:!oca-:.:.o:-. sec:.io;-. 8: t.'J.e :·\or.i:.ori:;:: a.rr~ :2.':.2 
sur-r-o~t: ::.i·:isio:-., 2':-:ic:e o: \•;ater- Re<JL.ilatlO!"':S a:JC S+.:.a:-.::.r::::­
(P:;o::e (2C:) 32~-~':·SEi. .=-.lso see Apf'€::-Ci;.: E. 
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I. I~IRODUCTIO~ 

Dilu~ion of effluents discharged into receivini wa~ers is acco:pl:shec 

by different mi>dns: mechanisms aion~t the path of the phme .. In the "near 

field" of the source, diludon is primarily caused by jet induced ent:-ai"..:::ec.:. 

This is a rapid process and far overshadows dilution caused by ambient t~:--

bulence." As the excess velocity of the jet decreases, ent~ai!'~ent ra-:.es 

decrease to the point where &mbient diffusion also becomes important. This 

is called t.he int.er::::edia-:e fielC. Fl.!.rther, D\.l': .• the excess plu:oe veloc:..::-· 

is so sca:l :~a: a=~ient diffusion is the predo~ina~t mixir.g ~ech~is~. 

This is ca!!ed :he far field or passive di!!~sior. :one. 

Mixing at a:.! s:.ages !.s a!iect.ed by a.::bien.t C'..!:-=en~, physic.al be-..:.:-:.-

cia:-: es anC bu::··a.""::cy. Fc!"ces d~e -:.o buoya."":cy a:-e L!S:..:a!!y cha:-a:::!e:-i:eC. ':y 

t:he de~si!:et:-ic Fro:;Ce m: . .:::be:- CefineC as F =- U I (g' L) 1 k"he:-~ g' is -:he 
0 c 

or i=eater mean buoyancy is neiligible as comparee to momentu= and d~scha=ge 

is calleC a r.~c:r.ent.t: jet. f!'oude nUJr.bers less -:han unit imply hi&h buoycmcy 

and result in buoyan~ pl~es or thermals. Buoyant forces may be either pos-

itive as in themal dischuzes or ne&ative "here dissolved solids or salinity 

cause ~he dischar&e to be more dense ~han the ambient. 

It is beyond the ,cope of this docum~nt to present a history and deve!-

opment of plume ~ode!inr alons: with a complete literature review. !nteres~ed 

:readers may fine iOOd revie•·s in references (l-4)•. 

• Underlined n~bers refer to re!erences. Other numbers refer to equatior.s. 
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II. DILUT10~ OF POLLUT&~TS IN FRESH WATER 

The discharge of pol!ut~~ts in~o inl~~d rivers. lakes and es~ua=ies 

is accomplished chrcugh a variety of outfalls. They vary from dischar2es 

into deep lakes from submer&ed sinzle port or multiple port diffusers to 

su•face dischar2e into a shallow, fast movini river. As a result, there is 

no sin.le analr•ical model that can be used to predict the fate of these 

pollutants from all types of discharges and ambient conditions. The most 

direc-:.~_.,.ay c: ciete:-=i~in~ po:h.:.~a:r: concent.rat.ions down.strea.:J of the dis­

cha:-ge of* a!"l ex:s-::.:-:.g: ou:.:all is ~y physical measurement.. Such field 

51;:-.•eys a:-e c.-..:::e sa::.s:ac-:c:-y :...: ;:rope:-:y conducted. Non-polluting -:race:-s 

effh.:er.t t!-.at. give more accu::-ate indica-:ions c~ 

tc i.:-.s'o.!:-e ac:::..::-a:y ar:C a r:u:::.'~e= o: :-eaCi:1gs should be t:ade at ead~ lcca-:ic:-:. 

:r: c_:.:es-:ic~ sc a. g::JoC s:a.::..s::~:a: a:ve:-age ca.::.. be dete:-c.ined. 

La:-ge ~:c ty?e ~:-a:-:sier-:: n...:..':'le;-ical mcCels.:hav..e been develope-d to cie­

s:=~~e dis:ha=ges in~o a !e~ ~eavily used wa:er ~ays including tidal 

es~ua:-ies (~~ ~ 7hese models us~ally rea,u=..:-e considerable ~ime and e!fo:-: 

to ~~ ano are therefo~e costly. Their accuracy is hi&hly de?endent on t~e 

us e~s a":>i lit;· to descdbe an:bi ent conci tions and on the diffusion model 

emplo;·ed in the pro~ram. These models can be used to predict the hte cf 

pollutan·ts if sufficient valica"tion data are available to insure accuracy. 

The simplist method•of predicting dil~tion values for these dischar~es 

is throu~h inteiral computer models or closed form analytical models. These 

models are in ~est cases as good or better in predictini dilution from the 

outfalls in question than present numerical models (~). The difficulty with 

these mocels is :hat the)" tend to· become specialized and only ~:ive accurate 

( 

F-.3 
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result.s for a particula!' t;-pe of outfal!. The user mus"t, ':herefc:-e. be 

ca:-eful to use- only a n:odel that was intendeC. to predic:t t.i.e conC.i ~ion he 

is concerned loti. t.h. 

The out.put fro:l t..hese models is not. ahtays in t.he form 1. user ~ishes 

and some modifications·may be required. For example, some models rive !he 

minimum dilution at the center of the plume. This dilution is definer! a.s 

the local volumetric flow rate divided by ~oe discharge flow rate. Tr~s car. 

be interpreted as the inve::""se of t.he ratio· of local centerline po~luta.nt ccn­

cent::-at:ion, C/CO. Other models give average plume diluL.ior. which is al.,;ays 

greater than tr.3.t at the cer.te'rline and an exp:-ession depenc!ing on pltl.":ll! 

shape cust be used to de~e~:ne caxirnum concent:-ations aT. the cent.er. 

The object of ~his Coc~e~~ is :o suggest: ~odels tha~ can be usee to 

p!'eC.ict ~~e !'a:e of pc~l· . ..:.:~ar."ts !or a va!'ie"ty of conc!i:ions and give Ce:.a:.:s 

cr. each r.oC.el as :o i:;;;-.:.:, o;.:.!.?Ut a:;rl lir:itations. 
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Il I. REC(M.IE~DATIONS 

Other than physical measu:remer.:s and validated llll:lle;:ical models, the 

follo•·ing in~eJ<ral models are reco:::mendec !c;: predicting dilu'tion 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 suues'ted model to be usee 

to predict concentrations. Each model is discussed in detail in the 

following sections. 

TABLE I. RECO~~~~~: MJ~EL APPL!CATIOSS 

2. 

3. 

4. 

s. 

s~b=e~geC C!s:~~~ge :=o~ a s:~g:e c~ r.ul~i?le 
po~~ C~£f~e~ a~ sufiice~~ de?th ~~a: desired 
cc~ce~:~a!io~s a=e :ea~heC ~efo~e ~~e pl~e 
:--eac~es ::.e s-..::r:ace. A=.?ien~ c:.r:-ren:s per­
r.:i~:eC. 

Surface disc~a~ge i~:o a dee? =eceiv~ng ~a~e= 
s~c~ :~a~ :he ?!~e ::oa:s or. :he s~:-:ace anc 
is no·.: at.t.ached t.c ::·;e bo::c::. Arnbient. cur­
-e-·s r.ode-a•e U 1U < 0 5 ... ··.. · ~ ~ ' a' o • · 

Surface discharge in:o a deep rece~v:ng wa~er 
s~ch tha~ the pl~e is not at~ached ~o the 
bo:~~= b~t at high a~bie~~ cu~~en~s causing 
the pl~e to attach to the near shoreJ 
U /U > 0. i. 

a o 

Surface discharie into a sha! lo""· rece1 Vlni 
water such that the plume is at-.:ached to the 
bottom. Ambient cu=rents moderate, U /U < 0.5. 
Discharie density equal to ambient deAsi£y. 

Surface discharie into a shallow receivini water 
•·i th a.-:bient currents hiiih enough to cause the 
pl~e to be attached to both bottom and near 
shore. Dischar11e de:1sity equal to al:lbient den­
sity. 

Sugges~eti Mo:ie! 

?::s 

PDS~I 

MOB EN 

PSY 
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There are I: any coni:!! -::io:-:s no: covereC in 't~e above table such a..s 

long cer: predictions in a tical estua=Y o~ subcerged discharge into 

shallow water with buoyant pl~es that surface. For those cases ~~at 

are not adequately described in tOe above table, it is suggested that 

field ceasurecents be used to determine dilutio~. Conservative pre­

dictions can be made for subceried discharge into shallow receiving 

water where the plUQe surfaces rapidly by using Loe PDS model assu:ing 

the plume is entirely at the surface. For submerged discharges of 

non-buoya.'1": fluids in-:o shallow W"at:er a't an orien":.a~icn suCh ~ha~ t..'1e 

plu:e does not scrfa:e. the D~PL~ mode! ca;. be used. 

AR-31 



IV. 11 DKHP :J-.ifl MODEL 

"iH E~RS"l CAL D E\'E LO ?l-\E..'-'1" 

The CC=?"~ter cocel DI:H?U.l (2_, !J is an app::-oach to the p::-oblem of 

submer~ed sin&le or merging ~ultiple plumes. For multiple"plumes the 

detailed dyn=ics of the merging process is considered instead of si~pli­

fy>ng the prob:e::: to •.n ideali:ec slot plume or to a combination of 

plu:ne and slot pl=e. DKHPW considers thne zones of plume behavio::-; 

:ones cf f:o~ establishment, single pl~e established flow and ~erging. 

7:'1e fi:-s't. ":'.JO :u::.es a:-~ baseC on the a.'"'.alysis of Hi:::s~ (:_., .!) :o= a 

plt:.:::e ::1 a s:.~a~i.f:.e::!, :!o.,.·i:~.~ envi:::-or.::Jent.. Ir. th~ :on~ of me:-~in~:, 

r.eig~O:~:~b ?:~es ~~e SU?e:-i=?cseC. T.~is allows a scoo~ ~~a~si~ion as 

s:r.g:e ?:-..:.=es ':eg::-. t~ c·-:=pe:e f-:.:- c::;;ti.cr:. \oo:a'te::- :hen g-=-c..C-..:a:~y ~f!-rge 

e:-.e:-6-y a...-.=. =.~::.~:-.:.·..:.::. a:-e Ce·:e:::?e-=. !-:~ a:..: :1-.:-~e :ones. E.TJt.:::-a~x:e!'l.;; is 

ar. ex;~ic:~ f~c~iG~ GepenCe~~ en tte local F~c~de nu:ber, El~e spac:~~. 

ex::~ss v~o:loc::y .:.-·- a.7."::!.e:"i;; velod:::·· Sirtila:- lateral p:-o£:.:es·. a 3;: 

ro•er a?r==x:.~a~:.:~ of a Gacssia~. are ass~~ed fc~ veloci~y. co~=ent:-a:ic~ 

a:1d ~e::pe=a:..:re. 7':-~ese p!'o!:.les al-e s~pe:-i::posed in ~ie ~=-gi'!".g, :one. 

A co:r.;:lete theoretical development of this model is beyond the sco?e of 

tl:is p~pe~ but ca."> be found in the references cited above. The follo><i::g 

is a brief su:=ary. 

Zone of Flow Establishment 

All quanti ties 

point of disch~~J.e. 

are assumed l.!:lifo:rnly distributed in "the ph;::~e &t t~e 

In the zone of flow establishment, "these uniform 

pro!iles change ~o si:nilar profiles as ~he bounc!a-:-y layer diffuses in.,..a::d 
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to the centerline of the jet. The rate at which :he profil.es of veloci:y, 

concen:ration and te=perat~re develop cay vary. The integrated fo~ of 

the governing equations are: 

conservation of mass, 

dlds jo r dr = -lilll r .... (r v) = E 
0 

conse:-vadon of enerzy, 

(!) 

d/ds (' U(T-T.,) r dr =- d T,/ds r If r dr- lim r .. ., (r vi') [2) 

d/ds r tl (C.-C,.) r dr = -d C.,/cs r o r dr - lim r • '" (r .,· C') (5) 

conse:.-va::ion· of I:Jo:::::er.t:..u:: in t.he s equat:ion, 

d/ds j 1/ r dr = U E sine 1 cose2 + j g (p .. - p)/pd) r dr sine2 (4) 
0 0 

- lim r .. co (r u' v') 

whe~e el is ~he hc~i:on:al ari&le be~ween the ce~te~line and the X axis ~·~ 

integral ec;~atior.s have bee:: develc?•c frcr:: equation (4) JO descc::ibe mc,ec.-

tu.::o in tltr'O a.dcii t:io:.al pl t=~e cocrc!inan-:s. 1 hese "na turaln coordinaJl!:!j of 

the plume, described in C:J. are converted to conventional three-di~e::sic::al 

Cartesi~~ coorciina~tes for codel outpu~. !~?licit in the derivation cf 

these equations are the assumptions that: 

a) flow is steady in the 111ean, 

b) flow is fully turbulent, 

c) fluid is incompresJ.ible and density variations are included 

only irt the buoyancy terms, 

d) all other fluid proper~ies are constant, 

e} no frictional heating, 

f) pressure variations are purely hydrostatic, 
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i) cha:1ges in de:1s0.1:y are stJall e:1c~gh :o be approxica;:ed 

by a li~ear equa~ion of s~ate~ 

i} flow wi :hin the jet can be approxilnated as bounda"t)' 

layer flow, 

j) ~he ~bien: is infinite in extent. 

Severa: of the assumptions are cocpensateC for in the solution. Tne :o~e 

of flow establisr~ent uses a special entrainment function (see Equa:ior. 

:cne of Es~a~::s~ed Flo~ 

7:-.e ec.:.:a::.c:-.s c! ~ass, e!"'e:-;;:·. ?Cl:'..:t2r:':,- and ::oment:-:.:::: :ec.t:a::.c::s 

solved in ::o;e :::one o! es:ablished £:ow, bt.::. a:-e cast in-::o a s!ig"h::y 

coorc!:r.a;:: sys:e:: whe:-e ¢ is the circu:r.fe::-en:ial a.r:gle arounc! the ?!-...:.=e 
\ 

and c~oss sec~ic~ and :he in~ependent variables are rands. Th~se a:-e 

eva~~ate:i 1JSi~g the assu."tled 3/2 powe::- approxi::ation to Gaussian late:-al 

profiles. The an~le 61 is the angle ben•een the centerline projectec! to 

the xy plane L~d the x axis, e< is the ~~gle between the centerline and 

the ry plane. These a.n~:les relate the two· coordinate systems. Another 

.entraincent function i~ us~d in the :one of established flow which is a 

function of the local Frcude nurr.;er, velocities, plume diameter, and 

spacin~:. 

AR-31 



, Zone of Herging 

1\'hen adjacen~ plUJlleS begin tO CVe:clap, the cisc.'targe is no longer 

considered a..xis~et.ric. The distribu::ions of pl'!.!Ze pToperties a.'!"e supe:-­

imposed. Another entrainment function is used which also considers ~. 

variable entrainment surface during merging. A drag term is also intro­

duced to account fer the additional bending o! the plumes after merging. 

HODEL DESCRIPTION 

In ~he :one of flow-es:ablishment, ~ie syste: of six gove~ing eq~a~ 

tior..s a.re sol"ed- si..J:::.:!t.aneously (subrou:ine SlMQ) and: st:epped fo:-wa..:-d in 

space by a H~ing's moCified predic~cr-ccr~ec~cr method (sub~out.ine H?C~}. 

Oeccr.;e f:.:l ;,- Ge-velopeC. 5;;".:::-ct;~ir.e o:.r.Tl co~;ains the results which a:-e 

stc~ed as i~i~ial conCi:i:~s fer ~he :o~e of es~ablished flow. 

::.et:ho.:::: a!!c~,o,· sclu::.on c! :~e six gcve:ni:1g equa-:.:.o~s for 'th~ six unkno....-::s 

ir.i ':ial i)' :.y 1:-..:.:-:ge- Ku-;:-:a i:-.~egral a;::;::-ex.irr;a-:.icn and then by the Ha..-...'ting • s 

I!lCC:i!:.ec predict~r-corxec-:.cr rnethod. At the point where 'the plumes ove::-· 

la?, t:he assU!:ied si::dla:-i_ty no longe:- appl_ies. The mer&inz plUI;les have 

axes of sy-:::me'try along the dischar.:e line &nd normal to it. Only one 

quad:-ant of a plUI!Ie, taken to a midpoint of the overlap area, is evaluate~. 

The profiles are superimposed in this re&ion usin& inteeral similarity 

coefficients. Above ~he•poin' wher~ the plume and the ambient have equal 

densi:y, results are obtained by extrapolation. 

The pro,.ra.m itself contains many comments and explanations which serve 

as further documentation. 
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As an exa=ple case, •~?pose a diff~e~ 50 m long discharges 0.5 c 3 /se~. 

The po~s a~e 0.178 min diameter, oriented ve~ically, and spaced 5 mapa~. 

The ambient cu.-re::ts a~e ass=ed to be 0.4 m/seC: and noraal to t..'Je c:.sc!-.a::- 0e 

line. (Note tha't 'the angle of cur::-ents to the diffuser should be "'- th:.r. 

about 20' of no:ntal.) The velocity through the dis c.'u<rge por..:s is 2. C r:./ s e:. 

The eiflue~~ 
0 a:'ld 0.09 foo. (Note that t..'le e:ffluen: sho:.::c ~ave 

gi~!e ~!.!: ~::.:.s-: be :-:..:::.-:e. ~!scha:-ge is SC:::: be1o~ ·the su=-!ace. Cc:::?'J.ter 
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• T/12 - lingle of dlsbharge from the horizontal, OEG. • 
I SF • Number of .diameters along center] 1ne at cutoff. ) 

I SPACE - Port spacing, .m. · ! 
1 H • Depth, m. ---1 
l rs~~ l 

~ ;) a. "0 

v r f 

1 r J 
L. ______ . ---·~--------------- -···---" __ J ___ _ 

H~ 



Ou'tput: 

Exacple outpu~ and program Jis:ing follo~. The initial inpu~ con-

ci t.i"ons are p:-in'ted along with dimensionless conditions. The fi:-s~ sec"<. ion 

cf ca:a lis:ing concerns tbe zone of flow es~ablishment. The columns Jist: 

len~h along the plu:lle axis (S), horizontal distance pa::-allel with discl·,arge 

line (X), hori:cntal distance normal to the discharge line ~). vertica: 

d:s~ance fro~ the level discharge (Z), the horizontal angle from ~he pl~e's 

axis to the discharie line (THl), the anile the plume's axis makes fro= t~e 

ho:ri:ontal [ffi2) ~ t:~e raCius {B)~ potential core widths for veloc:.. :y ~ :e=::e:--. 

a::...:::-e a:.d~ cc~ce:1:ra:!on (RU) RT ar,d RC), r.crmali:ed centerli:-~e Cis;a:-:.-:.:.es 

a:-e also give:1.. . ' . . :s g:ve~ 1~ se:o~cs. 

Q_/Q • C.70 Q/Q 
... 0 0 

(6) 

based on ~he zss~~ed distributions of concent~ation-ant velocity. 
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DKIIPI.H SI\HPLE OUTPUT 

SOLUJJON TO MULTIPlE BUOYAIIT !IISCIIIIRGE fROBlEH UITII II"DIEHI CURRENTS AND VERTICAL ORADIEH18 

DKIIPLK EXAftPLE RUH 1.1. 

DISCIIIIRGE VELOCITY • 2.00-H/S t TEIIP. • 17.00-DEO t •• SALIHITY • .ov-rn 
DIAiiEIU , .18-ft u SPACINO • 5.00-H " DEPTH • 50.00-H 

AHDIEIII COHDITIOHS AT DI&CIIARO£ ElEVIITIOH, VELOCITY • .40-H/S •• TEHP, • l'.OO-DEO C u SALINITY • ,?0 PPT 
AHBJ£111 SJRAIIfiCAJIOII ORADIEHJS •• J[HPUATURE •• .000010-D£0 C/H •• SALINITY •• O.OOOOOO·fl'l/H 

• , 
UIJ£11T CDIIDITIOHS AT tiSCIIARGE - HOHtiHEIISIOHAl 

IEHP• .802J5 SALIHITT•IO.OOOOO DENSITY• I.OOOfl I£Hf0R• .oooooo SlllGR• I.OOOOtO IEMOR• -.0000000 

PORr SPACING L/t • 2S.07 
0 fROUDE HO • 4P.IO , VELOCITT RATIO • .200 STRATIFICATION HO • ••••••• 

0 ZOHE Of fLOU ESTAtliSHftEHT -- All LEHOTIIB ARE IN KETEIB 
s • y z Till 1112 • RU RT RC PUCL DTCL DCCL PI TIH£ 

o.oo o.oo o.oo o.oo 70.00 90.00 o.ooo .OB? .• 089 .087 1.000 1.000 1,000 1. 00091 0.1 
.09 .oo .oo .0? ?0.00 89.7~ .OJJ .078 .078 .078 ·'" 1.000 1,000 1.000?1 .! 
. i 8 -.00 .oo .18 ?0.00 87.18 .071 .066 .ou .066 .Ho 1.000 1.000 1.00091 • I 
.27 -.oo ·.o 1 .27 90.00 85.31 • 112 ,051 .051 .051 .984 1.000 1.000 1.00091 .I 
.36 ~.oo .02 .34 70.00 8J ,I 0 .15& .OJ5 .OJ~ .OJ~ .m 1.000 1.000 1.00071 . .. 
.44 -.oo ,OJ .H ?0.00 80.57 .20( .016 .ou .ou .967_ 1.000 1.000 1.000?1 .. 

&TUJIIIO LEHOTII, T • .:uo 
• 51 -.oo .04 ·" lO.OO ?8.55 .241 .ooo .uo 1.000 I.Oot I. 00091 .J 

STARTING LENOTH, VElOCJTf • .510 
.51 .oo .04 .51 70.00 78.54 .242 .ooo .uo .no ,ff& 1.000?1 ~.7 

0 lONE OF £$TAIUSIIED HOU 
8 X f z Till Till IIIDlll DUCL JTCL DCCL I'! TIKE Q(OO 

.51 .oo .04 .51 to.OO 78.H .48 ;960 • 9V8 .no 1.00091 .26 2.11 
1.12 .oo .so l. 0 I 90.00 2B.IB 1.21 .121 .3~6 .356 J.OOOPI .PP 9.60 
1.n .oo 1.16 1. 28 ?0.00 17.~0 1.55 .017 .243 .243 I.OOOVI 2.34 15.34 

2 ·" .00 I. 84 I. 4& vo.oo 13.22 l.lD ,024 .IV I • I V l 1.000?1 J.?l 20.09 
> 
::0 
I 

w i>lh __. 



3.36 .oo 2.54 1." 70.00 10.95 I. 76 .OIS • 160 .160 1.000?1 5.57 24.24 

4.25 .oo J. 42 1.76 ?0.00 V. OJ 2. 14 .007 • I J~ .135 1.00091 7.70 20.91 

4. 96 .oo 4.12 1.97 70.00 9.03 2.27 .006 • 121 • 121 1.00071 '. 4J 
J2.lS 

5.67 .oo 4.8] I • ?6 90.00 }.28 2 .JO .0.04 • I I I • Ill 1,00091 11.18 35.59 

6.30 .oo s.sl 2.05 90.00 6.66 2.48 ,003 • I 02 ,102 I. 00091 1.2. 74 38.68 

7.10 .oo 6. 24 2.13 70.00 6;20 2.H .002 • 095 .095 I • 00071 14.71 41.64 

7.01 .oo 6.?5 2.20 90.00 5.00 2.66 .002 .007 .007 1,00071 16 •. 40 44.40 

7.23 .oo 0.34 2 .H YQ.OO 5.10 2.02 .oo1 .on .077 1.00071 20.03 4'1.72 

10.66 .oo 9.78 2.46 90.00 4. 71 2.76 .ooo • 072 • 072 1.00091 23.59 55.06 

12.08 .00 II. 20 2.57 90.00 4.3; 3.09 .000 .066 .ou I • 00071 27.16 59.79 

13.50 .oo 12.62 2.6& 70.00 4.04 3.21 -.ooo • 061 .061 1.00091 30.73 64.74 

14. 7J .00 14.04 2.77 90.00 3.79 J. J2 -.ooo ,057 .057 1.00091 34.30 69.35 

16.35 .oo 15.47 2.87 ?o.oo J.59 J,42 -.000 .054 ,054 1,00011 J7.r7 73.04 

DKH~Ln EXAHPLE RUH J.D. • 0 

s X l l Till rtl2 UIPTII DUCL DTCL DCCL PI TIU Q/00 

17.78 .00 16. B? 2.75 90.00 3.H 3.52 -.ooo • 051 .051 I.OOOft 41.44 70.23 

".20 .oo 18.3 I 3.04 90.00 3.26 3.62 -.000 .048 .048 I. 000?1 45.02 82.~3 

20.6~ .oo 17.73 3.12 ?0.00 ].12 3. 71 -.000 .046 ,046 1.000?1 48.~? 86.76 

22.0~ .oo 21 .I~ J." ?0.00 J.OO J.BO -.001 .OH • 044 I • 00071 52.16 ?0. 92 

24.70 .oo 24.00 J. 34 70.00 2.80 3.97 -.901 .040 ,040 I • 00.071 ~7.31 ?7.07 

27,74 .00 26.84 3.47 90.00 2.64 4. 12 -.001 .037 .037 1.00091 U.H 107.04 

30.57 .oo 27.49 3.60 vo.oo 2.50 4.27 ~.001 .oH .035 J.00091 73.60 114.85 

33.44 .oo 32.53 3.72 90.00 2.39 4. 41 -.001 .032 • 032 1.000?1 80.7~ 122.54 

36.27 .oo 35.38 3;&4 90.00 2.27 4.54 -.000 ,OJO .030 I. 000" 87,19 IJO.IJ 

37.14 .00 38.22 3.?5 90.00 2.20 4.67 . -.000 .029 .029 I. 00091 9:1.04 137.63 

41.78 .oo 41.07 4.06 70.00 2.13 4.80 -.ooo ,027 • 027 I,OOOfl 102.18 145,06 

44.03 .oo 43.92 4.16 10.00 2.06 4.?2 -.ooo .026 .026 1. OOOtl 109.32 152.H 

PLUHES KEROliiD 

47.68 .oo 46.74 4,26 90.00 1.98 5.04 -.ooo .025 .025 1.00091 116.46 159.75 

50.~3 .oo 4?.41 4.36 90.00 1.87 5.16 -.000 .024 .024 1.00091 123.60 166.71 

S6 .22 .oo 55.30 4.53 90.00 I .70 5. 40 -.ooo ,022 .on 1.00091 137.97 179.60 

41.72 .00 60 .• ?? 4.70 70.00 1.58 5.64 -.000 .020 .020 1.00091 152.15 171.47 

67.42 .oo 66.69 4.05 ?0.00 1.5P 5.07 -.ooo .oro .010 I. 00071 166.42 202.62 

73.31 .oo ]2.30 4.79 vo.oo· r.u 6.09 -.ooo .017 .017 I.OOOVI 180.69 213.13 

)> 
79.01 .oo. 78.08 5. I 3 90.00 1.30 6.31 -.000 • 016 .016 I. 00071 194.9~ 22J. tJ 

;:c 04.70 .oo 03.77 5.27 90.00 I .J5 6.~2 -.000 • 0 15 .015 I .00091 209.22 2JJ.JI 

I 70.40 .00 09.47 5.40 90.00 I • J I 6. 7J -.000 • 0 I 4 • 014 1.00091 223.48 242.12 

w 
96 ·' 0 

.oo 9~.16 ~.53 70.00 I • 2? 6. 94 -.ooo • 0 I J • 0 I J 1.00091 2l7.7J 252.33 
.... 

r:? 11 



)> 
::c 
I 

w 
~ 

1D1.7P .oo 100.05 ~.66 .vo.o·o I. 27 
107. 4f .oo 106.55 5.78 90.00 1.25 
119,00 .oo 117.94 6.03 vo.oo I .22 
130.27 • DO 129.JJ 6,27 90.00 1.20 
141.&~ .oo 140.72 6.51 YO.OO 1.19 
m.o& .00 152.11 &.74 90.00 I .18 
144.~5 .00 143.50 6.97 90.00 1.17 
175.04 .oo 174.1P 7.21 90.00 I • 16 
IB&.C3 .oo IB,.U 7 .4J 90.00 1.15 
198.2? .oo 197.31 7. &6 90.00 I .15 
20P.U .00 208.70 7.89 90.00 1.15 
221. OS .oo 220.07 8.11 ?0.00 I .14 
243.84 .oo 242.87 8.57 90.00 I .14 
266.62 .oo 26~.65 9.02 90,00 I .14 
209.40 .o!• 288,43 9.47 ?0.00 I .I J 
312,19 .o 311.21 9. 92 90.00 I.IJ 
334.?7 .oo . JJJ.n 10.37 90.00 I.IJ 
357.76 .oo JS6.77 10.82 90.00 1.13 

»KIIPLn EXAIIrLE IUH 

s X ' l !Ill 1112 

300,54 .oo 379.~5 11.27 90,00 I ,I J 
403,32 .00 402 .ll 11.72 90.00 I. I J 
426. II .oo 425.11 12.17 90.00 1.13 
448,09 .oo 447.89 12 ·" 90,00 I . I J 
H4.46 .oo 4PJ.44 IJ.~I 90.00 . I , I J 

HO OF INTEGRATION ST£PS•2Bt2 NO Of !IALVIHOS0 0 
14.036 CP 6ECOHD8 EXECUTION TIH£ 

7.15 -.000 .012 ,012 1.00071 251, 9P 261.~6 
7.35 -.000 , Oil .012 t.OOOfl 266.25 270.65 
7.7 6 -.ooo .010 '. 010 1 .• 00091 294.75 280.5~ 
0. 16 '-. 000 .oov .00? 1. 00091 323.~3 305.99 
0.56 -.000 .008 .008 1.00091 351.74 J2l.2J 
8. 96 -.000 .008 .008 1 .000?1 JOO ,24 JiO, ~8 
9 .J& -.ooo .007 .007 1. 000?1 409.72 357.18 
9.15 .000 .006 ,006 1.000?1 437.21 JlJ. f} 

I 0.14 .ooo .oo• .006 I .00091 4M.SO JYO.I~ 
10.53 .ooo .006 • 001.. I.OOOVI Hl.29 406.79 
10.?3 .ooo .005 .005 1.000?1 521.76 42J.J7 
II • 33 .000 .oo~ .oo~ 1.00091 550.24 43?.?1 
12.12 .000 .005 .005 1.00091 607.19 472.09 
12.91 .ooo .004 .004 1.00091 464.14 505.17 
13.71 .000 .004 ,004 1.000" 721.08 538 .• 59 
14.5 I .ooo ,004 .004 1.00091 778.01 571.33 
15.30 .ooo .004 .004 1.00091 &34. 95 604.05 
1&.10 .000 .004 ,004 1.00091 911.87 636.7J 

l.D. •· 0 

U! DIll DUCL DTCl DCCL tf TIHE 11/00 

16.90 .ooo .OOJ ,003 I· 00091 vn.ao 669.40 
17.70 .ooo .OOJ .003 1.00091 1005.72 702.04 
18.50 ,000 .OOJ .003 1.00091 1062.65 734.67 
19 .J I .ooo .OOJ ,OOJ 1.ooort Ill? ,56 767.20 
20.91 .ooo .OOJ .OOJ I.OOOfl 1233.40 932.47 

ABSERR• ,00100 PRHH5l• o.ooo filiAL SPACE • ~.000 

r:: ~ tS 



V. ?:::S HODEL 

TiiEOR..."TICAL DE\'ELOPMEh'T 

The theoretical analysis used ~o develop the steady th::ee-dimer~ional 

surfac~ pll.Ulle program (PDS) is based on a model by Prych (.!.£). I~ ha.s been 

modified conside.rably anc! ~unec! to a la::ge set of field and laboratc::y da:a 

by.Shira:i ~~d Davis (11). 

The following is a brief ve::bal su.."!ll:a::y of the model. The met!-.od of 

analysis is a."'l integral app:-cac..."i ""'hich ass~es Sii:lilari~y of te:Ilpera:~::-e 

a:&d veloc~ :y p:-ofiles anC. the ?Tin::iple of ent:-ain::1en:. anC a.-:~~e!1~ c.:.::::..:s:::-.. 

The :o:~e of ::co. es~2.blishmer:'t near the d!schui,·e is handled in an &pp:-cxi-

I:a:.e n:a.."":.ne:-. I':: ass:..:...'"':leS tha: ~:-.e ph.:. .. "':ie 1:akes no ccr.tact wi :h the be~::!:': 

cr shore!:r.e. As a -:es·.;:~, i": s!"lou:C :iC~ be useC where gec=:e::-ic bo:.::.Ca:-:.e~ 

inte:-fe:-e ..,·i~h the ·p!-..:.."'lle unless :..t. is be;·cr-.C t:he :-egion of inte:-es:. ?:--:-

:::ax:.~-..:=; va!".JeS at the. s:.;r.:ace. Jhe-s~ r::-ofi.!!S a:-e-5-...:?erhcpo-s~C, on- ~he 

ar..bie!"l't c...:=:-er:::. O!~.e:- a:;s~.:.::~:icns il7lr:ic:.: i:-. the c!eriva'tion of t.he 

gove::r.i~2 eq~a:ions a::e the s~~• as outlined in the DKHPLM model exce?t :~e 

~ecrnetry cf :he discharge is assu:'led 'to be recta.ngula·:- in shape of dept-h, 

HO, and width, 1~0. at the surface of the receivin~ water. 

The inteiral form cf the conservation of mass is satisfied by calcula· 

tini vertical and horizontal jet induced entrainment as well as vertical ~~ci 

horizontal ambient diffu~oR. The ~ertical components are a function of the 

local Richardson number which accounts for reduced entrainment due to 

buoyant convection. The r.wmentum equation includes drag;_ forces, viscous 

shear forces, internal pressure forces due to density differences ~~d 

chang;es in rnornentUJ: due to ent::ainment of ar.:oient fluid. The energ;y equa:io~ 
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includes heat loss to the a:mosphe::-e by convection. Sp:-eading in the 

hori=ontal dined on is broken into t>;o .parts. One is sp::-eadino; d:.~e tc 

non-buoyant ent::-ainment and the othe::-'is a buoy~~t spreadin& te~ whi~~ 

is a function of the density diffe~ence and local aspect ratio of the 

plUille. 

The program is written in FOR~~ 4 and consists of a main pro~am 

entitled PDS and six subroutines KHPCG, AREA, FCT, RED, SIGHAT and OU7P. 

The main progTam PDS reads the input variables, initiali:es constants 

and ca!ls subroutine 1\B?CG \•rhich perfor::s t.."'le ac~ual c.alcu.!a'tion. Sub­

routine >J;PCG is ..a standa:-:::! :BM scie:1~;.fic sub::-o:..:~ine which pe:--fon:s :.:;e 

s:ep-wise integ~a~ic~ o! Ci!feren~ial equations by ~he Ham=ini Predic~c~-

Correc~o~ Method. 

s~b:-ou:ine AF.E.A is a s-:e::-io.·ise ir.:eg::-a-:io~ of the area enc!osed ~y 

iso:.he:-:s. Su'orou-::!r.e FC':" calculates the de::-iva:ives of 't..~e prog:-a.r. 

\'a:-ia.=~es wh!c~ a:-e used :.:-: }~?C:3. S:.;=:-o~::ne RED calculates the reC~:­

~ic~ i::. ve:--:ica! e~t:-a:::.::e;:-: as a :-.:...-:ctic~ of local Ricllal-c!so:: ntl!::l.be=. 

SIG~·tl...':" is ustC ":.C calcul a~e • .. ;at.er densi ~y f:-om ter.pe:ratu::re a..1'1d salir'~i ty. 

Subroutine CUTP prints ou~ the input pa~ame:e=s followed by desired outpc: 

va:-ia.blis at each. i:--.teg:-a:ion step along the trajectory of the .plume. 

EX.V.!PLE INPUT, OUTPUT AND HODEL LISTING 

Inpu~ 

Inpu~ to the PDS p:o&ram consists of one card iivini the number of 

cases to be calculated followed by a set of three cards for each case. 

As an ex•ople case, conside:- th .. dischar,~:e of 1.0 m3/s of ~·ater at an 

an,~:le of 90" rela~ive to the off-shore current in a larte fresh water 
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lake. The a=bient current is 0.2 rn/s. The <iischa.,.~e channel is 2.0::: 

wide and ~;e wate~ depth i~ the c~~~nel is 0.5 m. The discharge te::perat~re 

is 17'C anc the a.:>bient te:::perature is lS'C. ll'inds and relative humidity 

are ~oderate. The co:::puter punch card fc~at for this input follows. 

t>J.t-out 

Output for the exa=ple case iiven in the ~ section ·follows alcn 0 

with a complete program listing. Output includes a printout of input va:ues 

in di~e~sic~a! a!".C. Ci::::e:-.sic-r.less fc~. Then for eac:.h integ=-at!.on ste?,. t';:e-

!o! :c·.,·i::g ·a:-e listeC: Cis-:z.nce along the plt;,::e c.en.~e:-line (S - mete:-s), 

(X - ::ete::-s) I c:.s-:ance Ct!':. i:-.:o ':he =eceivi::g water nc~al t.O the a::bie:-.: 

:i~e it has t.aken a ;ar:~cal cf :o t:-avel !:-o:-u -:.he pcir.t. of Cisc... ..... a::.s:e 

:o ~~e prir:.ro~: pci::t t:-zv~li::g a!c~g_ the p!u.::e cer.te::-line .,(T:~~ - sec.~, 

<Overage dibtior. I,Q/QC), :::.r.i::= ·centerline cilution (Q!-1/QO) (note: ci.:-.::c:c. 

va.lui!s canno~ be obt.z.ine:: fro::. ten:?e=-atu::-1!! data unless t.he hea-:. loss to 

the a":rnosphere is z.e:-o)~ Cep~h of. plu.T.e iiven as 12 "h (H - meters), ft'i c: ::: 
. ., 

plume given as 212 " (W c. z - ~ete:-s) where " is the stan<!ard C.eviation cf 

the Gaussian <!istributio::. At the end of this printout follows a table 

&ivini the area en~losed within surface isotherms. If inte&raticn did not 

proiress fer enou&h to loave -the isotherns close at the plume centerline 

only partial areas are listed and so desi&nated. 

The output for the exa=ple case liste~ above follows alon& with a com-

plete listin& of the pro&ram. 
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UO • D1sc:har·&ft velocity - Meters/ .!lee. 
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TO • Dlacharse tempe~•ture ·- C 
TA • Anbtent te~er.ture - r. 
TIIO • !IJ.ochorge direction relative to ambient current - degrees 
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AK D O(mens(onle,. surface heat t1an•fer corfflclent, h/jJC lJ • A value of 10-5 ls aveuge. 

For calm day• at high humldlty, uoe 10-6, for dry, ui~dy dayo use 10-1'. 
E • Entrainment coefficient. A vnlue of 0.05 l3 aur.ce-11tl'!d unless a better value i1 knoW'll. 
EV • RATIO of vertic•! to horl<ontal nmhlrnt dlffuolon cocfflcient. A voluo of 0,2 

ls ··ur.&eatrd unle1a il IJ.ettcr vnlue 111 known, 
Ell • O!Meneionle•• horlz:ontal •r~~Ule-nt turbulent dlffuaion coefflciant, 
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rns SAI1PlE OUTPUT • 

flOllli!G UAkM U~IER JETS -- SAHPLE RUH OF PbS PROGOAH PAGE I 

Aftii£KI COKDI!IOHS l rrnP. TA• 15.0 D£G. C. , V£L. UA• • 70 M/SEC ,II (A I COHV£CIIOII • .100£-04 

Dl9CIIARG£ COHDlllOHS 1 TEftP, TO• 11.0 DEG. C ,Vfl. UO• 1.00 H/S[C ,U!DTII UO• 2.00 H. , DEPTH 110• .~o H. ,AIIGL£ VO.Ot 

fRO • 25.0 [ . .0500 , CD • I, 0000 CF • 0.0000 RE • 0. EV f .21l0[100 EH • .200£-01 

SIH. I liK.I T IH .I !IIIHG.l [X,l(NP IDEO, C) TlftEISEC.I 0/00 Oft/00 DEPliiiH,) UIDTH!H, 

2.27 .. ' . 2.21 77.5 z.ooo .iSB[IOI 2.000 1.000 .722 J.4U 
2.U .n 2.H 16.8 '.?52 .4?0[101 2.041 I. 024 .740 J.~22 

2.58 .5, 2.52 76 .I I.V07 .52][10( 2.077 1.04? .750 J.SVB 
2.7J .60 2." 7!i.4 1 .064 .557£t01 2.1U I.D7J ,7JS J.074 
2.U .H 2.82 71.7 I .B2J .~V2Et01 2 .1?4 1.0?7 .7?2 J.74V 
J.05 .n 2." 74.0 1.794 .629£•01 2.242 1.121 .BOP !.825 
3.20 ,}3 . 3.12 7J.J 1.717 .HHtOI 2.270 1.14~ . .826 J.?OO 
J.n .82 3. 42 72.0 1.677 .• 737£>01 2.385 I ,I V3 .&~B 4.051 
3.83 .n 3.71 10.6 I.! I J .818[10( 2.480 1.240 .889 -4~202 

4. 14 I.OJ 4.01 &9.3 1.5H .?OOEtOI 2.~1~ 1.287 .no ~-3~2 
4.45 I , 1.4 4,30 ,7,? r.5oo .785£401 2.W I. 334 ,94V 4.502 
5.08 1.39 4.87 65.1 1·. 403 .116[102 2.852 I. 426 1.004 4.779 
~.70 '·" 5.13 62.8 1,. J 18 .1Jd£t02 J.OH 1.517 1.055 :l.OYJ 
6.ll I. U. 5. 78 60.4 1.245 .15Ht02 3.212 1.606 I. I OJ :1,392 
6 .rs 2.28 LS2 sa .1 1.100 .lla£+02 J.JBO 1.694 1. 149 5.66} 
7,58 2.62 7.04 56.0 1.1 [J .201[+02 J.HI 1,/81 1.107 S.946 
8.20 2.?8 7.56 5J.V 1.012 .22S£t02 J.lJ I 1.066 1.2~7 6.221 
B.DJ J.JS a.os S I. t I, 0 26 .251[t02 J.B9B 1. 719 1.262 6.4?0 
9.45 J.7~ 8.54 50.0 .?84 .277[102 4.062 2,031 1.275 L7~l 

10.70 4.5Q v.v 46,6 .713 ,JJ3Et02 4.JD2 2.171 I.J~J ;t4]6l 

11. r5 s.u 10.36 43.5 .852 .J?J[t02 4.h92 2.JH 1.404 ~ .761 
IJ.20 6.39 11.17 40.8 .001 .457[102 4. Y?l 1.496 I.HO 8.2.1! 

14 .n 7.JS II. ff 38 ,J .n1 .52H10l 5.282 2.641 1.406 8,691 

)> 
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I 
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16.9~ ?.37 I 3.17 3L2 .695 .Ul£102 ~. 837 2. 9" !.~so 9.~65 

I?, 45 II • 4 8 14.81 30.8 .biB .920£•02 6.367 l.l BJ 1.602 I 0. JOI 

21.U IJ,6i I 6.04 ]«.! .~82 ,962[102 6. 870 J.435 1,6H II. I ~1 

2 4 • 4 5 I~. 8f 1}, 17 25. B • 54 4 .115[10] 7.35] ] • 677 1.67f II ,004 

24.95 I 8, 14 18.22 2l.9 • 51 2 .!JHtOJ 7. 6ft 3. 910 I ,710 12. 502 

n.u 20,H If. I? 2].2 .404 .151£103 8.270 4.!35 1.737 !3.249 

H.U 2~.!3 20.97 19. 5 • OB .!BOEtOl' 9.1 J9 4.569 !. 70~ !4.~06 

39.45 2f.87 22.55 17. 4 .401 .2V£•OJ 9,967 4.984 '· 02:; 15.600 

44. 45 34,67 23.77 1 5, B • 372 .2&7£10] 10.769 5.J05 !. 061 16.705 

H .45 JL 50 15.27 14.4 .HA ,]00(103 11.552 5.7lh I. 095 Jl, 8J2 

5L45 44,35 26.47 IJ.2 .325 .350[10] !2,320 6.160 1.927 ID.OJO 

H.45 4?.23 27.57 I 2. J ,]06 ,]9][103 I l. 070 6. 539 I. 9~0 19.705 

64.45 54.12 28.60 II. 4 .209 .4J5E•OJ 13.028 6. 91 4 I. 909 20,702 

". f5 59.01 29.56 I 0.1 .274 .4nrooJ 14.574 7.287 2.019 :?I. 5UU 

74.45 63.U JO, 45 I 0. I .HI ,52][103 15.317 7.Aa 2.048 22.444 

7Y. 45 AB.87 31.30 9.~ • 249 ,H}[I03 U.059 s. 029 2.0/D 23.274 

84.45 73.81 32.10 LO .230 ,AI I[IOJ 16.800 8.~00 2 .I 07 2~.000 

89.4~ 78.75 J2.H B.~ .no .656[103 17.542 8.771 2.137 24.06~ 

94. ~5 BJ.IO JJ.~8 8 .I • 219 .101£103 18.28~ 9. 143 1.166 25.630 

n.n 80.65 J4. 27 ].7 .210 .7H(tOJ 19 ,OJ I v. 515 2.195 26,370 

104.45 93.61 ]4.92 },] .202 .792ft OJ 19.779 9.990 2.225 27.109 

10?.45 f8.57 35,55 7.0 • 195 .838£103 20.531 10.266 2.2~4 27.02~ 

114.45 IOJ.Sl JA. 14 6.7 • I 0 0 .B8Ht03 21.286 I 0. 64 J 2.203 20,527 

11?.45 108.~0 JA.72 6.4 • I 0 I ,930Et03 22.041 11.022 2,313 29.21~ 

124.45 113.47 J7. 21 6. 2 - J 7~ .176ft OJ 22,806 II. 4 OJ 2,342 21.B91 

129.45 111.44 37.80 6.0 • 16 9 ,102[104. 23.572 11.786 2.371 JO.~:i6 

134.45 12]. 42 30.31 5.7 • I 61 .107£104 24 .HO 12.170 2.401 J I. 210 

13?.1~ 128.39 38. oo 5.5 • I 59 .I )2[104 2~. II l 12.556 2.430 J I. 053 

IH.I5 IJJ.Jl H.27 ~.J • 15 4 .116£t04 25.808 12.9H 2. 45V J2, 487 

149.4) IJB.J~ 3?.73 ~.2 .m .121Et04 26.647 IJ.JJ4 2.497 JJ .Ill 

154.4~ 143.33 40 .I 7 ~.0 • 145 ,12!(104 2}.4H I J, 725 2. 516 JJ.727 

IH.O 148. J I 40.60 4.8 • 141 .IJO(o04 2B.2J5 14. I 17 2.j4'5 H.JJ~ 

164.45 153.2? 4 I , 0 I 4.7 • I Jl .135[104 2?.024 11.512 2.573 34.935 

IAf.U 158.28 4 I • 4 I f.5 . IJI .140[104 2?.014 I 4. 908 2.602 )~ .. ~27 

171. 4~ 163.26 41 • 80 4 • 4 • I JO .144Et04 30.611 15.30~ 2.630 36.112 

179.4~ 169.25 4 2. 18 4. J .127 .149[104 31.408 1~.704 2 ,6:".0 36.691 

184.4~ 173.24 4 2. 5~ l.i , I 21 ,151[101 J2.209 16.105 2,606 ]7.263 

IBY.I5 170.22 42.90 4.0 . I 21 .15HI04 JJ. 01] 16.507 2.713 37.020 

194.0 I 03.21 43.]5 3. 9 .110 .1!4ft04 3].020 1!.910 2.741 JO.:JD7 

IVY .0 100.20 4]. 59 J.O .115 .160[104 J4.6JO 17.3 15 2.760 ]0.941 

204.45 19 J. 17 43.97 J.l • II 2 ,17Jlo04 35.112 17.721 7.796 J?-409 

)> 209.45 I 9 0. I 0 4 4.14 J.h . I I 0 . 1/0ft01 ]6.1~7 I 0. 170 2. 02] 40.0.1?. 

;:c ]14. 0 20].1/ 4 ~. j J J. ~ . 1 on 1 n 11 ' n .t 1 J {\ I~ I 11 -; \ ' ·r n""fl 111 ottf) 

I 
(.o) 
~ F, Z.., 
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21?.4~ 208 .• " 44.86 J.$ .10$ 
224.45 21 J. 15 45.15 J. 4 • I OJ 
nv.o 218.14 45.45 3.3 • I 0 I 
234.0 223. I J 45.73 3.2 .O?V 
23?.45 228 .I J 46.01 J • I .097 
244.45 2JJ.t2 46.28 3.1 .095 
2!9.45 238. 11 46.54 3.0 • 093 
2H. 45 24J .I 0 46.10 2.9 .091 

A R E A S OF E X t E S 5 T E H P E R A T ~ R E r 0 R 
SAHPl£ RUN OF PDS PROGRAH 

£XC. TEHP. IDEG. Cl AREA ISO. HI 

• I 0 .207£+04 
.20 .~5AEtOJ 
.JO .224Et03 
.40 .111£+03 
.50 .639[ +02 
.60 .404[+02 
.70 .272[+02 
.80 .19~E<02 
• ?0 .146[+02 

I. 00 .111£102 
I. 10 .865£•01 
I. 20 .693£101 
I. 30 .~52E+OI 

1. 40 .H4E+OI 
I. ~0 .361£+01 
1. 60 .301[+01 
I. 70 .249£+01 
I. so .20H+OI 
I. ?0 .167(t01 
2.00 .IIJEtOI 

2.610 CP SECONDS EXECUTION TIME 

.187Et04 37.895 18.747 2.976 41 .I 02 

.192Et04 38.717 17 .35? 2.90:1 41.629 
.197£+04 J\'.542 1?.771 2,9JO 42.152 
.202£104 40.370 20.185 2.9~6 42.671 
.207[104 41.200 20.600 2.902 0.185 
.211£10; 42.032 21.016 3.008 43.694 
.216£+04 . 42.867 21.433 J.OH 44.200 
.221[101 u.7oJ 21.852 J.osv 44.702 

p / ')A?. 



\" "PDS~!" HGDE: 

TriEOR.ETICAL DEVELOP ME.\ I 

The ~edified PDSM mocel is designed to predict the dilution o! 

three-dimensional surface plUJ:Jes that are auached to the near shore 

but not at=ached ~o the bottom. The model is essentially the s~~e as 

the PDS model except it assumes tha't the r.axin:u.t: c.oncentration and 

t:er:.pe:-ature are at ~he near shore. To do this, a method of images1 is 

used "~·•i ~=-- :.he shore .use::! as 'the line of s;1~.:':1e:ry. The input a,.,d at;.:;-:..:.~ 

t:o the PI:..5M u:ocfel is ider.-:ica.l to -:!1e P~S :J:ldel ar.c! 'there!c:-e ;.·::..:: r.c:. 

be ·disc~sseC ~::.:-:.!:.e:-. A FO?.:~.A .. \ lis-:::.:-:g cf the CC::i?:.:.ter pTog:-2.11'1 !ol:ows. 

AR-31 
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TI1EORETICAL ozyELOPHE.\T 

The MOB~~ model is a ~we-dimensional surface plume model developed 

by !-lot% and Benetic~. Det;lils can be found in reference ill). It assUJ:>es 

~hat the plume is attached to the bottom of the receiving basin or rive' 

but not atta~~ed to the shore. This model is valid far low ambient 

currents [U /U < 0.5) and shallow receiving water. 11: is iln inter.al 
. o a 

model-sim:la~ ~o ~he ?~S moCel b~~ buoyancy effects are not include~,~ 

a res~!~ i:. is r~r:.:.t.ed to C.ischa:-ge f:.uids at: a:- ne4r 'the receiving .,.·a-:e:-

density. lt sc!ves the ve:-tically averaged conse:-va'tion equations _usi:-:.g: 

-:.he ?!'i:lci;:a1 ·a: e::::-a:.;'...J:',e:1t a::1C fl:..:iC d::ag. In'teg_~at.ion of the equat!or.s 

is ca:-:-ie:: o-...:~ i;: a s:er--..·:..se r.:a::;:e:- alo;"!.g :he t:-ajectory of t.he ?!U.::e. 

:::. :.he o:-iginal ~l'J3A.t.; r::oC.e:, :.::e e!'::::~i~ent coefficient: \o'aS an inpt:.t 

g:-a.=. tha<: ap?:-cxi:::a:es ~:.:.~ Ce?ende~ce ir:. acco:-da;-.ce With the aut.hors 

sug-ge·s~ed va!ues. 7"c:.s exp'"ssioc is E • 0.05 • 0.49 (U /U )1:.. 
- a o 

The 

plu~e wi~th an~ ~:.s:a~ce :o the end of the initial :on~ of flow estab-

lish:ne::: are also approxica:ed by e:r.perical expressions. 

The pro&rar. is o7itten in FORTRAN IV ilnd consists of a main pro-

&ram, HOBAN, and three subroutines, ZRKGS, FCT and OUTP. The ~ain pro-

0ra.m reads in the input 1'_:rtables, ulls_ ZRKGS that performs the actual 

inte5ration, usini a Runge-Kutta method, and then calculates surface 

iscthe~ areas and prints :hem out. Subroutine FCT calculates the 

derivatives of the pro&r~ variables for use in ZRXGS. OUTP prints out 

desired variables as called by ZRKGS. 

AR-31 
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Df.TAD TO qo wo 7.0 II~ TAH T04 KF 

60. 1.5 24.7 10.8 IL2 0.1 9.2 0.2 2 

F9.4 F9.4 F9 ,1, F9 ,lo F9 ,11 F9 .I, F9 ,10 F9.4 12 

I 1 nlliiij~liiH~~~ImrtiJJ~ITf~~-lllihlillll 111 l~tml P 1 1 bl 
DF.TAO • lllecharge direction relative to ·omblent current - dogreea 
TO • Oltchnrge exce!'I'J t..:mper.oturf!' relntJvc to ambient - C 
t~O • Olscharr~e volumetl:'lc Clo"' rt~to .. mJ/1 
Wo - 4ldth of dlacharge ch6noel - meters 
ZO ~ Oldcilorgc Clutd Ocptll - mctcra 
IJA • Aroblcmt velocity .. rnln 
TAH • Ambient temperature • C 
T04 • Temperature cut-of( tactor - T/TO • Progra~ atopa when the 

e:.cce•• temperJtt'-re .ratlo rtuu:hc.s thla ~alue 
·Kr • Surfaca convoctlon heat tranofor foetor 

!lonk or I for tero convection 
2 ror ~oderote conve~tlon 
) for high convection 
(Th'c .valuo plck~d ha11 no of(r!ct on dUutLon ln thf.• program, Juat 

the r~ttc of tcmpcroture dec::ny) 

-·------- ·------- -'---------

,:::-3) 

!<' n "' ~ 0 • ~ .. 
-II a. t;! 
~ ... 
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Outnut: 

OUtput for the s~?!e case given above follows along with a co~ple~e 

listini of the pro~am. Outpu~ consists of all the input variables. The~ 

for each ir.ter.nion step ~he followin& are lis~ed: distance along t.he 

plume cen~erline, ARC(m), cen~erline temperature, TEHP(O, centerline 

excess temperature, EX TEMP (Cl, centerline velcci ty, U(cll'./s). pl =• •i.e::-.. 

WID11i(m), ave::-o.ge dilut=.on, Q/QO, mini..mu:: centerline dilution, Q~I/QC, 

dis:ance do~st~e~, X(m), distance ou~ into the receiving water no~a: ~w 

the a!)"::iei.t C".J:":-e~t, Y(c), local plume flo"" direction, BE.lA(deg::-ee~~. a:-.: 

~i::J.e of t::-ave: f::-o~ c:.sc::a:-ge to p:d.:r:out point, TIM.E(s;. Afte:- the 

pl~e excess te=?e~a~~e ~atio is reduced to the input cu~-of! ~atic, i~:e­

g-:-a:::.o::. sto?s a;.d a ta':-le &ivir.g a::eas 'k'i t~in su::-face isot~erms is ;:::-:.r:::.e:: 

c~t. Fe= :e:-o S~7=a~e hea~ t~a~s:er, these iso~he~s equa~ lines c! 

ccr.s-::a:r: · conce:-.-:=c.tic:-.. 

:-:-.e ou:::-.:: !c-::- ::-.e exa:7.;::e case co::.side-:eC above follo-..s 

alcr:g .,;~::-. a c-::-.;::e:e ?':"Og-="a."t lis-=-i~"'1&,. 

AR-31 
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MOOAN SAMPLE OUTPUT 

HOlZ-IEHEDICl HODEL TRIAL kU~ OF "011-DAMIDICT PkOGRAM 

biSC"ARGE ANGLE • 60.0 bEGkEES 
~ISCIIAkG[ EXCESS TEHPERATUkE • 1.5 DEGREES C 
VOLUMETRIC DISCHARGE kATE, 0 • 24.7 CU.K/5 
~ISCIIMGE UaTU • IO,B HElEkS 
~ISCRARGE ~EPTH • 4.2 METERS 
AHIIEHT ·vELOCill • .I METERS/SEC 
AHkiENT TEMPERATURE • ?.2 DEGREES C 
lEHP. CUT-OFF FACTOk • ,200 ~EllA-l/UELTA-10 
COijV[CTJYE IlEAl JIIAHSfU fACTOk • 2 

AkCIIIl TEMPI C) EX TEHPICl UICM/SI UHTIIIKJ 

• II. 3? 10.70 1.~0 S4.4~ 17.26 
ll.iB 10.69 I. 49 ~4.0& 17.56 
I 1.?8 I 0.67 I • 47 ~J.6o 17.0J 
12.28 I 0.44 1.46 53.29 I D .12 
12. ~9 10.65 I. 45 ~2.92 I 0. 41 
12.?0 IO.H 1 • 4 4 52.54 10.70 
13,22 10.,2 1.42 52.17 19.00 
13.55 10,,1 1. 41 51.00 IY. JO 
13.87 10.60 1.40 S1.H 19.60 
14.21 10.59 1 • 39 s1.d1 19.?2 
14,55 10.57 I. J7 50.72 20.23 
14.90 10.56 '· J6 50.36 20.55 
15.25 IO.S5 1.35 so.o'1 20.89 
15.61 I 0. 54 I • 3 4 H ·''6 21 .21 
15.99 10.5] 1.33 H.ll 21.H 
16. JS 10.52 I. 32 40.97 2r.na 
16. 7J 10.50 1,30 !B. 63 22.23 
17.12 10.U I. 29 U.H 12. sa 
17.51 I 0. 40 I .2B 47.?6 2}.93 
17.9 I 10.V 1. 21 47.62 2J • JO 
1 a .31 10,!6 1. 26 17 .Jo 23 ,H 
I 0. 7J I 0. 45 1. 25 H.97 24.04 
1?. 15 10.14 1.24 H.!S 21. II 

Q/00 

I .42 
1.0 
1.H 
I.U 
I. 47 
I. 49 
1. so 
I. 51 
1.52 
I. 54 
1.55 
1.56 
1.50 
I. 59 
I. 60 
I. 62 
I. 63 
1. 65 
I. 66 
1. 67 
1.69 
I .70 
1.72 

P-35" 

ontuo 

I. 00 
1. 0 I 
1.01 
I. 02 
I.OJ 
I • 01 
1.04 
1.05 
1 • 04 
I. 07 
I • 07 
1.08 

. I, 09 
I. I 0 
I • I 0 
I • 11 
I. 12 
1. I J 
I .14 
I. II. 
1.1 s 
1.16 
I • II 

Xllil YIHl II ETA TIKEISl 

7. 47 8.59 ~8.~8 20.91 
7.H 8.81 ~8.87 21 .~. 
1.8& ?.04 48.77 22.00 
9.06 9.27 40 .A6 22.57 
8.2& 9. 4? 49,5~ 23.15 
8.17 ?.7J IB,H 2J.75 
9.68 ?.97 40,33 H.l~ 
a.vo 10.21 " 49.22 24.98 
9.12 10.45 48. I 0 2~.&1 

9.35 I 0, 71 17.'7 H.27 
9.~7 10.?6 47 .a a H.H 
9.81 11.22 47.76 27.63 

I 0. 0 4 11.48 47,65 2B.JJ 
10.29 11.74 47.53 2V .o& 
10.5] 12.01 0.42 29.7? 
10.79 12.2? U,30 30.,6 
II. 04 12 .ld 47.18 J I. J3 
11.3 I 12.95 47.06 32 ,I 3 
11.57 I 3. 13 U.fl J2.94 
11. BS 1l.n 4&.02 33;7a 
12.1 J IJ.72 44.10 J 4 .6 3 
1l. 41 14. OJ 46.50 JS.52 
ll./0 H.Jl ~6.~6 )6. ~ 1 



Input to the MCBE~ ~odel consists of tMo ca~ds'for each case run. 

Any nu=ber of cases can be run back to back by simply stacking input 

cards. Input consists of an identification card and a card containin& 

the discharge all&le, volumetric discharge rate, excess tempe:-atu're, 

~id:tJ-: artd dep-:~, a:bie:ot velocity and temperature; a cut-o:ff fac~or. 

anC a su:face heat t~ansfer coefficient factor. As an e~ple~ co~siCe~ 

the Cischarie of 24 ~ 7 z: 3 /s o: an indus~rial effluent t.h:rough a disc~a:-ge 

c~a:-:.i.e 1 .( .-;:: :::: deep ar.C :C. S r: "-'ide a-: an a..'1&! e of 60 • :-elati ve to ~he 

fc!lows. · 
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104.7? ?.77 .57 27 .&2 88.17 3.68 I. ?7 79.16 67.68 33.22 2?6. 42 
106.81 v. 7& .56 27.47 89. 48 J .71 I. 98 81.15 M.79 33.04 JOJ.75 
I 08. VI ?.76 .56 27.32 ?0.82 3.71 "" 82,?2 &?. ?J 32.85 311 .12 
111.01 ?.75 .55 27.10 ?2. 15 3.19 2.00 04.68 71.06 J2.U J 1?.12 
Ill. 20 9.71 .51 27.01 ?3.53 3.02 2 .o I 86.53 71.24 J2.H 327. 17 
115.38 '. 71 .51 24.90 91.90 . J.o:i 2.02 08.37 73.11 32.28 335.30 
117.46 ?.73 .53 26.75 ?&.ll 3.8? 2.04 ?0.30 74. &2 . 32.09 JU.78 
I I?. 93 '.7J .53 26.62 97.71 J.?l 2.05 92.23 75.83 JI,B? 352.31 
122.30 '.72 .52 2&.49 99.20 J. 96 2.06 91.25 77.08 3 1 • .19 361.21 
121.68 ?.72 .52 26.31 100.45 4.00 2.07 ?6.26 78.32 31,50 370.22 
127 .II 7.71 • ':1 I 26.20 102.16 1.04 2.08 ?B. J7 7t. 60 31.31 379.61 
129.61 ?.71 .51 26.07 103.66 1.08 2.09 100.18 80.88 J 1. II 389.06 
IJ1.1Y ?.70 .50 25. ?I I 05,21 4.12 1.10 102.&? 82,21 30. ?I 390.?6 
131.76 9.70 .50 25.01 106.75 1, I 6 2. II I 01.90 83.53 30.72 .100.90 
137 .H ?.U .u 25,67 100.35 I. 20 2,12 107.21 B4.8t 30.52 117.32. 
110.12 '·" .I? 25.55 I 0?. 91 1.21 2 .IJ 109.52 86.25 30.32 127.79 
141.92 9.60 .u 25.12 III.H 1.28 2 .II Ill. 94 87,46 30.12 H0.77 
115.72 9.U .48 25.29 113.13 4.32 2.15 114.36 89.06 29.92 451.00 
118.63 9.67 .17 25.16 Ill, 93 4. 3& 2. 16 111.87 90.51 29~72 163.37 
151.55 9.67 .17 25.04 116.62 4. 4 I 2. 17 119. 4J n.n 29.52 47\.Y? 
151,60 9. 66 ,16 21.91 118.37 4.15 2. 19 122.08 9J. 45 29.32 4 87. 19 
157.61 y .l& .16 21.79 '20 .12 4.49 2.20 121.73 94.93 29.11 4 99. 4J 
160.81 '. ':; .45 21.67 121.92 I. 51 2. 21 127.51 96.47 28.?1 512.29 16'. 00 9.65 .45 21.55 123.72 1.58 2.22 I 30.30 99.01 29.71 525. 19 
147,32. 9.61 .H H.U 125.59 4.63 2 :n ll3.21 99.59 28.50 538.75 
170.61 9.61 .II 21.31 127.14 I. 60 2.24 136.13 101.17 28.30 552.37 
17 4. II 9.63 .13 24 .I Y 129,37 4.72 2.25 I 39 .I 9 102.81 28,0Y 566.67 
177.57 9.63 .13 24.08 I J I. 29 '.77 2.26 10,25. 104 .H 27.88 501.05 
181 .20 7.62 .12 23.96 13J.V 4. 92 2. 27 145.46 106.13 27.67 596.15 
181. OJ '.62 .u 23.85 m.ll 4.87 2.28 140.68 107.81 27.16 611,32 
109,62 '. 61 ,II 23.7J I 37,29 4. 92 2.2? m.o3 IOV.53 27.23 m.26 
192.H 9.61 • 41 23.42 ln.JJ 4.Y7 2. Jl 155.42 111.29 27.0S 64J .29 
176.30 9.60 .10 2J. 51 Ill. 46 5.02 2.32 158.?6 Ill. 09 2LBJ 460, IJ 
200.35 9.60 .40 23.10 143.56 5. 07 2.JJ 162.51 114.87 26.62 67].0! 
201.51 9.59 .39 23.29 115.76 5. 12- 2 .l4 1H.23 11-6.72 26.41 6?4 .97 
208,67 9.5t .37 23.18 147.93 5.17 2.35 169,75 118.56 26.20 712.77 
213.03 9.59 .39 2J.07 150.20 5.23 2.J6 173.87 120.49 25.99 731.61 
217.38 9.58 ,JB 22.76 152 .ll 5.20 2.37 177.79 122.30 25.77 750.54 
221 • '~ 9,58 .Ja 22.86 154. no S .H 2. JB In I. 90 121.36 25.55 770.18 
2H.52 9. 57 .37 n.n 157.13 5.10 I. J9 1116.03 126.32 n.J4 7YQ.51 
2J I .31 9.57 .37 22.65 159.56 ~- "~ 2. 4 0 190.37 12B.H 2~.12 811.61 

> 236.11 9.56 .J6 21.54 161.90 5.51 2.11 1?1./1 . 1 JO .39 14.90 OJ2.B4 
;:o 
I 

w 
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I Y.~8 10.43 .23 H.n 24.60 I. 7J I • 1 9 13.00 14.64 46,33 J7 .H 

20.01 10.41 .n ~J\.01 15. 18 I. 75 1.18 IJ,JO 14.,5 ~h.21 J8.28 

20.46 I 0. 4 I • 21 45.6? 25.58 I. 76 I • IV I J. 61 1~.29 H.OB 3?.2~ 

20.91 10.40 .20 45 .JV 25.98 I. 78 1.20 13.92 ". 60 ~~. 96 40.24 

21.37 10.38 • I B 45.08 26.39 I. 80 I • 21 14.24 15.93 45.83 41.26 

21.84 10 ,J] • 17 14.77 26. no I. D I I • 22 !LH 16.26 45.71 4 2.11 

22.32 IO.H • 16 4 4. v 27 .n I.OJ 1.12 14.90 I &.61 45.50 43.37 

22.00 10.35 • 15 4L 17 n .•~ I. 01 I • 2J 15.24 16.?5 45.45 44.4l 

2J .29 10.31 .H O.D7 2o.on I. 06 I .14 15.59 17. J I 45.32 45.5? 

23.79 10. JJ , I J 0.50 28.51 I. 80 I. 25 15. H 17. &6 45.19 u.n 

24.31 10.]2 • 12 0.29 28.96' I • 8 9 1.26 16.]0 18.02 45.06 4/, VI 

24.82 I 0. 3 I .II 12.99 n.H I • 9 I I, 27 16.60 18. J9 H.VJ H,ll 

]5, 36 10.30 • I 0 0.70 2?. 07 I. 9J I. 28 17.04 18.77 4 4 • so ~0.35 

25.99 10.29 .09 o.o JO.JJ I • ?I I. 28 I 7. 12 ". 14 H ,66 51.61 

26.15 10.29 t. 08 42. I 4 30.0 I I. 96 1.27 17.92 I?. 53 4 4. 53 52. ?2 

27.00 I 0. 28 I • 00 II . 86 J I. 28 1.90 I. JO I 8. 21 IY.92 44.39 ~L2J 

27.57 10.27 I • 07 II. 59 J I .77 1.9? I • J I I B. 6 2 20.32 44.26 55.61 

28. 15 10.26 t. 06 41. J I 32.26 2. 0 I I. J2 I?. OJ 20.72 44. 12 56.99 

28.74 IO.n I • 05 ~I. OJ )2,76 2.01 I .JJ lf.H 21. I J H.98 58.U 

29.33 I 0.24 I. 04 40.77 J]. 27 2.05 I.H 19.89 21.j4 u.8~ ~9.09 

29.95 I 0. 2J I. OJ •o.~o JJ. 79 2.06 I • 3 4 20.3J 21.97 4J.71 61 • ~0 

30.56 10.22 I. 02 40.21 J4,JO 2.08 I.JS 20.78 22. J9 4J,S7 62.Vl 

31.20 I 0. 21 I • 0 I ~9.97 H.nl 2.10 I , 36 21.24 22.83 ~3.43 61.52 

3 I. 84 10.20 I. 00 39.71 J5. 37 2. 12 I. J7 21 .70 23.27 43 .2Y 66. 12 

32.50 I 0. 19 ,99 39.4~ 35.92 2 .ll I • JB 22 .I 9 23.72 43.15 67.79 

JJ. u 10.18 .98 39.20 36.47 2. 14 I. J 9 22.67 24.17 43.01 6?. 47 

33.8~ I 0. 17 • 97 38.Y5 37.04 2, I 0 I • 4 0 23.17 24.64 H.86 71.22 

H.~J I 0,17 ,?7 39.70 37,60 2.20 I • 4 I 23.67 2S.II -!2.72 72.99 

35.24 10," .96 30. ~5 JO .I 0 2.22 I • 4 2 24.20 25.59 ~2.57 74.0J 

3~., I 0, 10 , 9S JD,20 J9 ,77 2.23 I , 4J 24.72 26.07 42.4J 76.68 

36.6? I 0.14 .94 37.?6 J?. J7 2.25 1.43 25.26 26.56 42.28 70.61 

37.42 I O.I.J ,9J J7.72 39.96 2. 27 I.H 2S,81 27.06 U.13 00.54 

JB. It I 0, I 2 ,92 37.48 40.SB 2.30 I • 45 26.37 27.57 41.98 82.~9 

38.95 I 0. 12 .92 37.24 41.20 2.J2 1.14 26.94 28.08 41 • 8 4 84. &J 

J7 .74 I 0.11 .91 37,00 II. Ul 2. J4 1.47 27.53 28.60 41. &7 9&.76 

40.53 I 0. I 0 ,90 ,16.?7 42.17 2. J6 I. 48 28.12 2?.13 41.H 90.?0 

41 ,35 10.09 .09 J6. ~~ 43. 12 2.J6 I. 49 28.74 2?.67 41.30 ? I. 14 

42.17 10.08 .eo 36.31 43.70 2.40 I. 50 2Y.J5 30.21 41.23 93.39 

u.o2 10.07 .07 Jb. 08 H.O 2.42 I • 51 29.H ]0.77 ~ 1 .on 9~.74 

43.97 lo.07 .07 J5. 06 45. I] 2. 41 I. 52 30.64 J I. JJ 40. 9J 9 R. I 0 

)> n.n 10.0~ .06 J~.H 4~.01 2. 46 I. 5J J I • J 0 3 I • 91 40.77 I OQ. ~7 

;;o 45.63 10.05 .05 35.0 4b. ~I 2. 49 I • 5 4 J I. ?l J2. 48 40.62 IOJ.Ol 
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(,) ..... p-3f.t 



)> 
::0 
I 

"' ..... 

241.14 9. 56 ' .36 22.44, 
246.17 ?.~~ .n 22.34 
251.14 9.55 :n 2l.H 
2S6.75 9.55 .Jl 22.14 
2&2. J2 9.51 .31 22.01 
267.88 ?.51 ,J4 21.91 
273.71 9.53 ,J3 21.81 
279.60 9.53 .33 21.74 
285.70 7.52 .32 21.64 
291.96 9.52 .32 21.55 
2?8.47 9 .II • J I 21.15 
304.91 '.51 • J I 21.36 
311.67 '.51 .31 21.26 
318.7S 9.50 .JO 21.17 
326.03 9.50 .]0 21 • 08 

OISDTIIER~ AREAIACR£61 AkEAI SO. KH.l 

1.00000 .0486 ,OOOIYU 
.30000 4. 7047 ,01703YJ 

1.~~0 CP SECONDS EXECUTION llHE 

164.49 
166.91 
lo9.60 
172.19 
171.90 
177.59 
100.10 
I OJ .I? 
I 96. II 
189.01 
192.05 
195.06 
198.23 
201 137 
2~1.66 

5.57 2. 4J 1 7?. 28 132.50 24.68 055.22 
5.63 2.44 20l.U IH.60 H.H 077.71 
5.69 2.45 200,60 I J4. 78 24.24 YOI .H 
5.75 2. 46 213.51 ll9. 94 H.02 92~. 29 
~.B2 2.17 218.59 111.1? 23.80 no.1v 
5.80 2.48 223.6? IIJ.U 23.50 975.90 
5.95 2,49 22?. 07 115.76 2J.J5 1002.57 
6. 0 I - 2.50 231.45 1\8.08 23.13 102?.46 
6.00 2. 52 210.13 "0. H- 22. ?0 1057,93 
A.l5 2.53 245.83 152.08 ' 22.60 1006.52 
6.22 2.51 251.81 155,38 22.15 1116.03 
LZV 2.55 257.67 157.06 22.22 I H7 .27 
6.36 2.56 261.25 160.15 21. ?9 1179 .~6 
6.4J 2.57 270.61 163.01 21.76 1212.00 
6.51 2.58 277.10 165.70 21.53 1246.46 

RATIO AkEA/Q tSEC/Kl AR£AoE/HQoBOJ llHEtSECI 

• 6667 7.?5?6 ,68HIE+OO 66.1183 
.2000 no.nw .U300E102 1212.002' 
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4A. 55 10.04 .94 J5.20 47.72 2. 51 1.55 32.64 33.09 ~0. ~6 105.64 

47.46 10.04 • 0 I 34.90 47..?3 2.H I. 54 33. J& JJ.67 40.31 108.14 

48.41 IO.OJ .OJ ~ 4. 77 18 • .16 2.55 I • 57 34.08 34.28 40.15 II O. 96 

49.36 10.02 .92 31.55 49.40 1.59 I • 59 J4 .BI 34.87 37.97 II J. 70 

50,j4 I 0. 0 I • 8 I Jl.JI 50. 15 7. 60 1.5? n.56 35.52 J9,B3 116.55 

51.33 I 0. 0 I • 0 I 31. 11 50.90 2.62 I • 6 0 36.32 J6 .15 39.67 IIV.U 

~2.n 10.00 .00 JJ.7J 51 • 60 2.65 I • A I 37.11 36.80 J9.51 122.42 

5J.J6. 7.?7 ,7? JJ. 72 52 .lA 2.67 I. 61 37.87 37.45 37 ,J5 1n.u 

54.42 7. vo ,70 JJ.52 ~l.26 2.67 1.62 JB.71 JB. 12 39.19 129.58 

55.48 '. ?8 
.78 33.32 ~I. 05 7.12 1.63 JV.5J 38.79 JY.OJ 1J1.n 

56.58 9.77 .77 JL 12 54.00 2.74 I. 61 40.39 3Y. 48 30,86 1n.o5 

57.68 9.96 .76 Jl.V2 55.70 1.77 I. 65 II. 24 4 0. 16 30.70 138.39 

58.02 9.96 .76 32.72 56.'54 2.79 1.66 12.13 10.87 38.5J Ill .95 

~7.75 7.75 .75 32.53 57 .H l. 02 I. 67 4J • OJ II • 58 38.37 145.31 

61 , I I 9. V4 .71 J2. J4 ~!1.1b l.1ll 1.68 4J. 75 42 .J I 39.20 119.98 

62.!2 ?.P3 ,73 3 2.15 59. I J 2.87 1. 6? 41,08 1J .04 J8,0J 152.65 

63.~5 9. 93 • 7J J I. 96 . 60.02 2. 0 9 1.70 45.B~ 43. BO 37.06 156.48 

64.77 9.92 .72 J I .77 &o·. 9 I 2.92 1.71 46.92 H.55 37.70 160.JJ 

66. 0~ 9.91 .71 J I. 59 61.04 2.75 1.72 47.83 45".33 37.52 164,JS 

67.32 9. 91 .71 31 • 4 I 62. 7h 2. 97 I • 7l 40.84 U.IO 37.36 160.3? 

68. ,, v.to .70 31. ~2 6J. 70 J.OO I • 7 I H.Ot 46.90 37.18 ll2. 61 

n.H 9.89 .69 J I. b4 61. 6S J.OJ I ,75 50.95 47.70 37.01 176.86 

71 .34 v.8t .69 30.86 65.63 3.06 1 • 76 ~2.0~ 48.~2 36.94 181.29 

72.71 9.88 .68 ~O.AV 66.60 J. 08 1 ;n SJ.I5 U.J5 36",67 195.75 

74.14 9.88 .68 30.~1 67.60 3. II I • 78 54.27 50.20 36.49 190,41 

75.H 9.07 .67 30.31 68.60 J. 14 I .79 ss.H 51 • 04 36.32 175.10 

77.04 9.06 .66 30. 17 ". 64 J. 17 I • 0 I 56.63 51.72 J 6. I 4 199.99 

78.52 9.86 .66 JO.DO 70.67 3.20 1.82 57.83 52.7f 35.96 204.92 

80.06 9.85 • 65 . 2f.9J 71.73 3.23 I. 83 59.08 5J. 6? 35.78 2IO.Od 

81,60 9.84 .64 29.66 72.79 3.26 I • 84 60.32 54.57 35.61 215.23 

8J,20 9,84 .64 29.r 73.DD J.H I, 85 4j,6J 5~.52 35.43 220.63 

84.79 9.83 .6J 2 9. J 7L97 J.J2 1.86 62.93 S6.44 JS,25 226.07 

86.44 9.83 .63 29.17 76.10 J.3S I. 87 H.29 57.40 35.07 2JI.n 

88. 12 9.82 .62 29.0 I 77.22 J.JO 1.88 65.65 S8,35 34.89 237.46 

89.84 9.81 ,61 28.04 78.38 J. 41 --. I. 89 67.07 SV,JJ . H.70 243.42 

?I. 57 ,,01 • 61 ~8 .69 79.53 J. 41 I. 90 68. 4? 60.31 H.52 249.42 

93.36 9.00 .60 28. ~.3 BO. 7J 3. 4 8 I • 91 69.97 61.33 J4.H 2n.1o 

9~. 16 9.80 .60 78.l8 8 I, 91 3.51 1.72 71 • 45 62.J4 34.16 262.00 

97.02 9.79 .59 ]8.72 83. 14 J. Sl I. 93 7J,OO 63.38 3],77 260.60 

98.89 9.78 ,50 70.01 04 .36 3.57 I. ?I 74.51 64 .42 JJ.79 275.2J 

100.83 ?. 7A .50 71.92 ALA :I J. 61 I • 9 5 lb.l h 65.~0 3],60 202.16 

102,77 ,,77 .~7 ll.ll R6,0U J. 6 4 I. ?II 17 .ID 66.57 JJ." 209.1J 
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VI !·I. PSY MODEL 

ThEORETICAL CONSIDERATIONS 
' 

The PSY •we-dimensional shore-attached surfac:e plume river model 

is based on the theoretical sol~tion to the steady-state convective-

diffusion equation by Paily and Sayre (13). It does not handle jet i~-

duced entrainment. As a result it is a f.: field model or a model "he=e 

initial mocent= of the discharge is small compared to acbient moment= .. 

In aCdi~icn, $:nee i~ is ~wo-ciirnensional vith no ve~ical di:r~s!on, 

i 't should cnl:· be usee whe:-e the receivini water is sh.allow a:-:C. :he rl~e 

is a~:ac}.ed tc ~he bot~o6. 

whe:-e h z local de:;:<:~. c: :la ... ·; U s: de?t~-averaged velocity in -:he st:-e;;::-

"Wise Ci=ec-::o::; t.C z c!e:::h-ave:-age value of ccncennation in excess c! 't~.e 

ar.bie;,'t; F : ove:-a:l :ra..-:sve:-se r.ix.iig coe'fficien-: ien~rat~C. b)· a;:tli.e::'t 
y 

~c=bclence anci benC induced seccndary cotion; and x and y • Cis:a~ces in 

the strea=-wise and t=ansve:rse directions respectively. This equation c~~ 

be si~pli!ieC by intrcciucinR a new trL~verse cooTdinate defined &s, 
~ 

1' :: J_ 
G,.. 

) hl.{d'j 

0 

(8) 

where~ • total river discha.rge. If -::ive-r depth and velocity are cons~a:-.~. 

p is simply the f-::a~"ior.zl distance to the point in question from the near 

shore, y/W, •he-::e li is the rive-: 10idth. Substitutinz (8) into (7) and :re-

arra~&ing, "he convec:ive-diff~sion equation becomes, 

I 4 . 
.... c (H) 
(.., c:l :; t. 

(9) 
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"'·here his ~e ave:rage rive:- ~epth, i'r' is t::e ave:-age width of t::.e river 

(both in meters), n is Mar.r.i::.g's coeffic.ient, a is the dimensionless 

transverse cixing coefficien-: defined as a -= E/hl',.. The shear velocity, 

- ll u. is defined as u. • (ghS) where S is the slope of tlle river energy 

&rac!ient. For most rivers, S is tile river slope. Hanning's coefficient 

is an et::pirical cons tam: having dimensions of (length)!/(>. Recatllllendec! 

1'~e of SuTface ~~r~ing's Coefficien~. n 

Hode:-a:ely !"'Ot.:gh ""·i:~. rnedit:.!:l: s.i:ed rocks 0.05 

s:on l".as bee:1 :ot:...'"1= .:a be :-easo::a'::le., a • 0.1 + 0.0019(W/h.). A cc::r:-ela-:i::-. 

R!.ve:- C.a:a. .:.s, 

" 
- 2 2 - ' = c .. c .. ,,. .. 'U"' - c· ;· J~ , .. ll.,,~ , ''-'•I n XC (lJ) 

~oo·he-:-e R is -::he radius of c:..::-va"ture of the rive:- .. The nume!"ical co­
.c 

efficier.ts ir. :~ese ec,ua:icns can be, L.:Sed if nothin&: bette:- is available 

far the pardcular river in question but should be modified when bette::­

information can be found. ~~en the strotch of the river where dilution 

values are desired is lar&e, the valuo of D may chan&•· ln this caso, 

the :river should bo divido!d into settions "ith D assumed to be constant 

but differont in each section. 

AR-31 



where 0 is the Transvers= diffusion factor defined as 

(10) 

Equation (9) can be solved with appropriate initial conditions i~ 

'ter-..s of 'the probability densi-::y func'tion. See (l!J for details. The 

solution for ~~e maximuc concen~~aticn a~ the near shore £o~ a concer.~rated 

sotrrce a~ ::.e oriz:n is iiven by the follo-.,·in·g expression which i:n:ludes 

c..,.,.. --- (11) 

Co 

•·here Q, is -:::Oe discharge ::o• ::a:e, il.:lC <:" is :he standard deviation 
. . p 

6iven by r:;: • (2Dx)\ TJ-.O.s so"u::.on_i_s plo:ted qn FJ_gure_l _labeled 
F 

wi:h a =ini:e si;ed source. 

Q. is the average flow •·i thir. t:Oe plume at x equd to z:ero. 
~ 

Fer cos: 

industrial discha::&es, setting P • 0 has little effect on the far field 

dihidon. 

The accuracy of the PSY model is hiihly dependent on the ability cf the 

user to dne::'l:i:le the ap;:::cpriate value of 0. P&ily az:>d Sa)'Te (gl reco:­

:::end that 0 be calculated fro:: an equation of the form,. 

D ~- 1- (-)5/6 ,..,2 
• ' ' ~ . .,) l J~ 1 rt (12) 
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I! a unifo= dept..">. and velocity are a.ssu::.ed, tbe solution to 

equat:ion (9) = be :!Jltegrued to yield surface areas Yith.!:l give::. :!=es 

of c:cns ta::> t concentrat:iot:. A· co"'PutC!r progr.azo has bee::. .. -r::. t:e:: to 

per.form this :Integration .md is given 1l1 this report a.s the "PSY" 

l:IO<lel. When the tran.sverse diffusion factor, rlver depth, and 

IC:ld discharge f1011 rates given, this program pr:!Jl~ out the late::-a: 

distance free shore to selected lices of cocstznt concentra:io~ a=c ~\e 

:"-'• !..'J sb= "" Fig. 2 !or clle so.::;>le case considered latet. As 

a:> exz:::;:le, t:.'le =!!a pr<..::::ec out: for :r • 40~ m and C/CO • 0.1 is 

l.i=e C/C8 • 0.1 a::c x • 4C5 :::. It is sh=n on the f!gu::oe as tbe 

ceas; y:-i=.:ed ot:.t. are only partial .are.a.s • 

. Exam!lle 

Consider the dischar~e of 1.07 m3/s into a moderately ::-ou0h ::-ive::-

whose flow rate is 72.28 m3/s. The averaie river width and de?:h a~e 

109 m and 1. 0 m, respectively. The river slope is 13/1000. Discha:r0e 

is on a bend in tl:e river where the bend ::-adius is 1000 m. About 1000 

'" be 1 C'' the discha:-ge the river strai2htens ' ou: and remains L!ni for:;. fer 
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several ~housand meters. The problem is to find the shoreline dilution 

as a function cf Cis~ance downst=e~ and the sur!ace a:ea that has a 

dilu-cion of 10 or less. 

The procedu=e is to find a ane then D for each section of the =iver. 

From "Chese ~•d the dist~>ce do•~tream, L~e appropriate Ox ~an be found 

for use •"i th Figure 1. In tMs <:Jtso Q /Q is used for Q:1·/Q • 0.014. o r o 

Fro:: L~e data given, L"'e following are c!eter.oined for the 

·curved sec~ion, 

U • ~/h~· • i:.<:S/(1C9x!.O) • 0.663 m/s 

U. • (ghSjl.:Z = f9.6 x l.C x 13/:000)lz • 0.361 m/s 

C ''""~'" "' 2 (" 6<-•" -6"' 2 (• D/"0"" 2 -1 D a • ............ .-:::-. :.. ..... ; .... 1,;.,:;,.~,.,.;. J.-J .... J. """") • .. 

a·va!ue of~ - c.~s is se:ec:e~. wh~ch gives, 

a • 0.: + 0.00:9(109/1.0) • 0.31 

which yielcs, 

02 • 0.05 X 3.13 X 0.31 X (1.0) 516/(109) 2 • 4.3 X 10-6 (1/m) 

For -che curved portion, D!t is si:::pl)' o1 x. Since the straight section 

is below this, Dx there is 5iven by Dx • D1x1 • D2(x - X1) where x1 is 

the distance to the beginning of the s-::raight section from the discharge. 

Using the flow rates given and the values of D determined above, the 

followin5 table was generated using Fig~re l vith P • 0.014. 
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1-tinim~ Dilution Dis~ance Do~~s~re~ 

f:o::. Source (m) Alcng Nea: Sho~e (inverse of concentra~io~ 

100 4. 34 

sao 9. 72 

1000 13.2 

1500 14.6 

2000 15. s 

2500 16.5 

c~c: the c~~Ut l!st!=g, ~~ is see~ that a Cilut!cn o: 10 or !~s 

(C/CJ • O.l o:r g"ea~e:-) is c,:a:_...,.~ ~o>i::!-.b an area Q.! .3560 r:? •·• ··-
the cc::tou~ l:!..::le. c:.los!::1g at tb.e sho::e 565 r. do.,"ilst .... ea= of the 
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PSY S.vtPLE OUTPUT 

SOLUTION TO ~URFACE DISCHARGE PRODLEH UITII WORE- A Tl ACIIEP PlUHE 

CASE I SAHPLE RUH .Df PSY PROGRAM 

oo PISCIII\RGE fLOU R~l£ • 1.070 CUPIC HElER/SE&OHD •• 
oo RIVER fLOU RATE • 71.200 CUBIC HETER/SECOH~ H 

AREA IAl --nETERot2 LnTER AL filST~NCE IYP) --METER FROH DISCHARGE BANK 

COH':£HTRM IGI/ RA Tl 0 CICO 

.01 .05 • I 0 .JO .so 
DISJnt:CE A yp A yp A yp A yp A yp TJHf !SEC 

.10 .107[101 3.18 .985Et00 2.77 .950[100 2.67 .885[100 2.41 .012[100 2;15 .5HEtO 

1.20 .382[<01 J.70 .JJB[tOI :;.21 .JZJ£<01 3.02 '.]85£<0 I 2.~1 .25JEtOI 2.16 .17BE•O 

2.80 ~JOJEtlf2 4.35 .894Et01 3.74 .837Et01 J.l9 .6?BEtOI 2.&6 .S90Et01 2.16 .OHIO 

6.00 .2~8£•02 5.38 .220[102 4.H .201[t02 J.94 .15BEt02 2.88 .128£t02 2. 12 • 992£ tO: 

1?.40 .6UE t02 
'· 79 

,5J~Et02 5.40 .477EtOZ 1.69 .350[102 3.10 .253£102 I .78 .IB~EtO:-

25.20 .164ft03 8.66 .IJIE<OJ 6.72 .fiHtOJ 5.61 .746[+02 J,Of .J67£f42 o.oo .J14ftO; 

15.20 .J~?EtOJ 10.82 .279£ •OJ 8.10 .ZJHtOJ 6.56 .128EtOJ 2.28 ATTACIIED TO SHORE .672Et0< 

65 .. 20 .5nEtOJ 12.46 ,452EtOJ y, II .J7JEIOJ 7.16 .151EtOJ o.oo , 969E•O< 

Bl.2D .8S~E•nJ JJ.OS .612EtOJ v.n ,520E•OJ 7.58 ATTACHED TO SHORE ,I27EtOJ 

1~5._20 .114(104 15.04 .B47EtOJ I 0, 59 .675£tOJ 7.86 .l:i6EtOJ 

125.20 .14~(104 14.11 .106E t04 11. '6 .fiJ~EtOJ 8.0? .IC6E+OJ 

145.~0 .17?(+04 17.07 • 12Ht04 II. 66 • ??BEl OJ 8.23 ,216EtOJ . 

I65.ZO .214[104 fl,fS .ISJ£104 12.10 .1!6Et01 8.32 • 245[103 

105.20 .2SOE+H 18.79 .178Et04 12.4¥ ,JJJ[t04 8.35 
.275Et0J 

205.20 .20'1[104 I? .55 .ZOJ£t04 12.85 .150Et04 0.34 
.JO~[tOJ 

225.20 .32~[+04 20.20 .229E+04 13.17 .166Et04 a.Jo 
.H~EtOJ 

24~.20 .370£+04 20.97 .256[104 I J. 46 .IDJEtOI a.n .• J61EtOJ 

265.20 .412[+04 21.63 .ZDJEt04 13.72 .199[t01 a.lo .J94Et0l 

2BS~i0 .456Et01 22.23 .JIOEtOI I J. Vl .~1~£•04 .} • 95 .121[+03 

305.20 .5~1[104 22.84 .JJ9Et01 14- IV .2JI£t04 7. 77 
.454EtOJ 

J 25. ~0 .~-lU£t04 23.4' .J67£101 14-JP .74<\liOI 1.55 
.lllJttOl 

H5.20 .~f~[t04 23.96 .396£101 fl. 50 .261[101 /.JO 
.~13[103 

36~.20 .614Et04 24.49 .425[104 '4. 75 .2,':,[t01 7. 0 I 
.51J[t03 

JD5.70 .69J[t04 25.00 .~j5£t0~ 11. 91 .2JJ9£•04 h. 61 
.572(t0l 

)> 
;:c 
I 
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40~.20 ',7H£104 2~.~0 .40~£104 15.06 .J02Et04 6.29 .&O~EtC 
425.20 .77~[104 25.?9 .515[104 1 ~.I? .314[104 5.06 .&J2[t0 
40.20 .94?( 104 2, ... . SHE t04 15.31 .l25Et01 5.36 • 662£ tO 
465.20 .?OI£t04 26.97 .577Et04 IS. 42 .JJHt04 4.1& .691[10 
405.20 • 7~SEt 04 27.33 ,600[104 15.53 .J44Et01 LOJ .721£10 
50!i~20 ,IOIE•OS 27.75 ,6J9[t04 1~.62 .J51Et04 J.04 .?51[10 
~25~20 .107[105 28 .I 7 .670[101 15.?0 .J5S[t01 .82 .700£•0 
:i45~20 .11~[•05 28.57 .lOIEIOI ~~-78 .J56Et04 o.oo ,BIO[tO 
~6!L.:'O .118EtOS 28~?6 ,7JJE tO I 15.05 AllACIIEO TO SIIDRE .040(10 
505.:'0 .121[105 27.JS .7&5E•04 15.91 • 870[ tO, 
&05.20 .IJOEt&S 2?.JJ .7Y7EID4 1~.Yb .099Et0 . 
625.20 .136[105 JO.IO • 02?£ tO I H.OI .?29E•o: 
645.20 .142£ tOS 30.16 .061E•OI I~ .05 .Y~?E•o: 
665.~0 .140[t05 30,01 .09J[t04 16.00 .909[10, 
60~.;!0 ,154Et05 Jl.15 .?25EtOI 16, II .101Et04 
705.20 .160[t!15 Jl. 4? .757Et04 16 .I J .105[104 
725.20 .167Et0~ J I.BJ .??OEIOI 16. IS .JOBEt04 
745.20 ,173[105 32.15 .102[105 t6. 16 .111£t04 
765.20 .180[105 32.V .10~[105 16.16 .I IIEtOI 
785.20 .184[105 32.77 .I O?EtOS 16. 16 • 117[+04 
80~. 10 .1 ?l(>OS JJ.JO ,112EtDS 16.16 .120£ tO! 
82S.20 .IV?[tOS JJ.40 .115[105 16.15 .12JEt04 
845.20 .206EtOS Jl.70 .118(105 16.13 .126Et04 
065.20 .21)[105 JJ.H .lnEtOl IL II .1~9Et01 

885.~0 • 220[ 105 J4.28 .12~(t05 16.0? .132£104 
705.20 .227Et05 34.57 .12DEtOS 16.06 .13~£401 

,2S.20 .233[105 34.95 .IJIEt05 16.02 ,IJ7E+04 
945.20 .240[105 JS.I2 .ll4Et05 15.99 .110004 
765.20 • 248£tOS J5.J9 .IJOEtOS 15. V4 ,I UEt04 
?65.20 .255(105 35.66 .141£•05 15.?0 .146E<04 

1005.20 .262[105 JS.08 .IH£105 1.5. 86 .119[104 
1045.20 .276£105 34.05 .150[105 15.82 .155[<04 
1085.20 .2?1 [105 H.22 .157£•05 15.78 ,161Et01 

. 1125.20 .]05[105 JLJ7 .16l[t05 15.74 .167£104 
1165.20 .J20Et05 3&.:;:$ .1<19Et0l 15.70 .17JEt04 
1205.20 .JJ1[105 36.72 ,175£+05 IS.l6 .17Vlt04 
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w ..... 

124~;20 
llDS. 20 
1325.20 
1365.20 
HOS .20 
1445.20 
1485.20 
l~n.7n 

1565.~0 
1605.20 
1645.20 
168S.20 
1725.20 
1765.20 
1805.20 
I 045.20 . 
1805.20 
1?25:20 
1965.20 
2000.00 

.HV£105 :u.ss 

.364[105 37.04 

.379(105 37.20 

.3?4[105 37.36 

.409[105 37.52 

.424£105 37.68 

.4lVE 105 37.83 

.454[1U 37. 7f 

.469[105 30.14 

.484£105 3B.2V 
,500[105 38.44 
.51~£105 38.59 
.SJI£105 36.74 
.S46E10:1 38.08 
.562Et05 3f.03 
.577£105 JV.I7 
.5VJEIOS 39.32 
.609£105 3?.46 
,62U1U 39.60 
.641EtOS 3?.72 

.182(105 15.62 .105[10 

,IDB£105 ~~-~7 
.191[10• 

,194[105 15.52 
. t97[t0' 

,200[105 15.46 .203[104 

.207[105 I 5. 42 .209£104 

.21JEIO~ 1~.37 
.215Et04 

,219£105 15.32 
.221[104 

.225[105 15.26 • 227[<04 

.2JIE10S 15.20 .233£104 

,2J7Et05 15. 14 .2JV[t0l 

.243[105 15.06 .244[104 

.249£105 15.02 .2~0[104 

.255[105 H. 95 
.256(104 

.261[+05 14.89 .26~[104 

.267EIOS 14.02 
• 266[104 

• 273E 105 14.75 
• 274[101 

.279[105 !1. 67 
,200Et04 

.295£•05 14.60 
.206[101 

.291[105 14.52 
.292Et01 

.29Ht05 14.45 
.29BE•04 
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IX NO~CI.Al1l1tE 

Concentration 

Di.:.ensionless Cotlce.ntration ·ratio - inverse of dilutio:'. 

Transverse diffusion factor, equa~ou (10) 

Overall transverse mixing coeff1eien: 

Disc..;arge densiJ:>et::i.c Froude number 

River depth in PSY model. ii is average value. 

Phce ~?th in PDS a:>d PDSl! model.$ 

~=a=sve~se coorC~ate in PSY model 

::::.:!a:. C::..lut!o::. fac:cr, PSY model 

s:ope of r!v~= energy line 

Pl~e stre~~~se. velocity 

~ransverse velocity 

Velodcy 

Shear velocity • (ghS)~ 

Co <1td !r.a tos 

!ra:>sve::se coordine~e in PSY outpuc 

Diffusion coeffic!eDt, PSY model 

Fl= Clgle 

Fluid density 
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Appendix G 

Section 30llgl Checklist 

State and Regional personnel should use this checklist when 

reviewing section 301!g) variance request. Section JOl(g) applicant~ 

may also use this checklist to ensure their application addresses 

and documents all necessary items.' The checklist covers all the 

factors EPA has identified a~ important in· c9nsideri.ng a section 

JOl(g) request. As the importance of each item will vary from 

site to site, a careful review of the checklist by the ~ermit writer 

and the applicant, during the early consultation period, can hel~ 

the applicant determine the degree to which each of thes~ factors 

must he 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 3Dl!g) variance request. 

The checklist consists of a series of questions addressing 

the statutory factors listed in section 30l(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. 
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I. Preliminary Information 

Did the applicant provide t~e following: 

1. Legal name and mailin~ add,ess? 

2. Name and address of the point source for which the variance 
is being sought if it is different from Nu~ber l? 

3. Facility ID Number (FPA ID Number)? 

4. Name, title, telephone number and address of person in the 
firm to contact about thP section 30l(gl completed req~est? 

5. tdentificatior. of the nonconventional pollutant(s) or ~olluta~t 
paramPter for which a section 30:~g) variance is soug~t? 

fi. The 40 CFR citoticn for the spect•ic effluent guideli"P 
containing the li~itation f~or whi=~ the section 3Cllgl 
variance is sought? 

7, The date the initial reguest (in accordance with 40 CF? 122.2ll 
for the sectio~ 301Cgl variance ~as sub~itted tc EPA? fKas 
a postcard su~~itteC by Septerr.~er 1978, or was an initial 
request sub~it:ed 270 days afteL the promulgation of the 
applicable guideline?) · 

8. The date the appl1cable BAT effluent guideline(sl was pro~u!­
gated? (I~ nc ?AT eff:Le~t guidelines were pro~ulgated, t~e 
date the notice of preparation of the draft RPJ/RAT permit was 
puhl ished. I 

9. The proposed modified effluent limitation (P~ELI for t~e Par­
conventional pollutant? 

10. The promulgated BPT effluent guideline limitations? (If no 
BPT guideline exists, the limitation derived by the State/ 
Region. I 

11. The permit compli~nce schedule? 

12. A list or description of State water quality standards arp:ica~:~ 
to the nonconventional pollutant(sl? 

II. Environmental Quality Information 

A. I~PACT TO POINT AND NONPOINT SOU~CES 

Did the applicant provide: 

1. an analysis of the potential impact of the applicant's P~EL on 
other point and nonpoint sources in the vicinity of the point 
of discharge? 

AR-31 



-3-

SPECifiCALLY, DID THE APPLICANT: 

a. Identify all the point and nonpoint sources in the Vlclnity 
of its discharge (with assistance of state permittin" authority)? 

b. obtain a determination from the State or interstate agency(sl 
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(gl variance? 

B. IMPACT TO RECREATIO~AL ACTIVITIES 

Did the applicant provide: 

1. An analysis of the potential impact the PMEL would have on 
recreational activities in and on the water in the vicinity 
of the discharge? 

SPECIPICALLY, DID THE APPLICANT: 

a. Identify recreational activities in and on the water in the 
vicinity of its discharg~? 

b. Provide an analysis which determine.d whether the PMEL would 
interfere with recreational activities beyond the- mixin~ zone 
including without limitation swimming, rti.ving, 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 supplie·s in the vicinity of its 
discharge? 

b. Provide an an11lysis which demonst.rllted that the PMEL would not 
prevent a planned or existing public water supply from being 
used, or from continuing to be used as a pub!ic water supply, 
or have the effect of requiring any public water supply to 
provide additional treatment? 
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D. IMPACT TO AQUATIC LIFE: AND HUMAN HEALTH 

Did the·applicant provide: 

1. a demonstration that the PME:L would still maintain water quality 
which protects the propagation 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 bioaccumulation, persistency, acute toxicity, 
chronic toxicity (including carcinogenicity, teratogenicity, 
mutagenicity) or synergistic effects? 

SPE:CIFICALLY, DID THE APPLICANT: 

a. identify a State water quality standard or an E:PA water quality 
criterion (most recently pu~lished or Red Book) for the no~con­
ventional poll~tant which protects hath aquatic life and human 
health at the edge of the mixing zone? 

or b. 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? 

or c. derive a criterion for the nonconventional pollut~nt using another· 
method which was approved hy OWRS? 

or d. derive a safe concentration for the nonconventional pollutant 
by some other approved means such as field testing, literat~r~ 
search, biomonitoring? 

e. demonstrate that the PMEL, after dilution in the mixing zone, 
would meet that water quality standard or criterion? 

f. demonstrate that all other factors such as bioaccumulation, 
persistency, and synergistic propensities have been adequately 
addressed? (See questions on persistency and synergism in 
Section III of the checklist) 

E. MODELLING AND FATE AS RELATED TO SECTION 30l(g) VARIANCES 

Did the applicant: 

1. 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 zon·e boundary? 

2. 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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3. Provide any field dat~ to calibrate and validate the rodel 
of choice? 

4. State how t~e ~1xing zone was deterrn1ned i! it was not an 
approvect State wate~ quality standard mixi~g zcne Ccase-~~·-cas~ 
bas 1st? 

5. Provide basis for the design flow used ·in maki~g d1luti0r 
ca'lculations? 

rrr. Specia~ Considerations 

A. PO:L~~A~T PARA~ETERS ICOC, TOC, TK~. Tctal phenols) 

Did the ap~licant: 

1. Ide~~Ify the c~e~ica! co~stituents of the ~ollutart ~a~a~eter 
a~~ r~1e ~~t tbe exis~P~ce ~f ~~xics in the ~o:!_ta~t ;ara-
r::et~?r? C7cxics rrar he fc"....:rC in trace afi'ounts cr- at lo=o:~:s 
equ!va:e~~ tc ?~T. I 

2. r~e-~lfy th~ ~ea~s ~y w~ic~ thP constituents we~e ide~ti~ied? 

te.r;., G::/~SI 

3. ~e~i·ve a critericr nu~ter ~~r the pcllutant parameter ~y ap~ly~-; 

the E?A criteric~ derivation ~ethcdolo~y c~ ~cyem~er l~E2 tr 
the w~ole effluent and ex~re~sing the result~ng criter:c~ ir. 
~erce~t e::l~e~t? 

I 
4. Deterrine t~at t~e pcl:~ta~t parameter was not a source o! 

tOXlClty after conducting a bench scale trea~~e~t st~dy? 

5. Deter~ine a safe level of the pollutant para~eter by c0n~~cti~; 
a literature search? 

6. Assess t~e potential for hurrar healt~ impact of the ncnco~ve"­
t ibn.p l pollutant par arne ter? 

R. SY~ERG!ST!C PROPEKSITIFS 

Did the applicant: 

1. ldentify potential synergistic propensities in the effluer.t a~c 
receiving water? 

SPECIFICALLY, DID THF APPLICANT: 

a. identify possible chemical reactions hetween compounds producing 
more toxic pollutants? 

b. identify possihle reactions dependent upon physical ;>arameters 
such as increased toxicity related to increasing or decrea~ing 
temperCJture, pHf alkalinity, conductivity, flo•· {turb:..:lence-l, 
or suspended solids. 

c. identify possit>le joint effects where. two com;:>ounds aff<"ct an 
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organism in two different ways simultaneously? (E.g. one 
pollutant affecting respiration, another the central nervous 
system. l 

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? 
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WASTEIQAP ALlOCATION GUIDANCE BOOKS AND CHAPTERS 

GENERAL GUIDANCE 

STREAMS AND RIVERS 

J. 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 IMPACTS 
3. ToXIC SUBSTANCES IMPACTS 

DESIGN CONDITIONS 

1· DESIGN FLow 
2· DESIGN TEMPERATURE 
3. DESIGN PH 
4. DESIGN EFFLUENT FLOW 
s. DESIGN RATE CoNSTANTs 

PERMIT AVERAGING 

SCREENING MANUAL 

1· TOXIC ORGANIC AND CONVENTIONAL POLLUTANTS 
2· Toxic METALS 

INNOVATIVE PERMITS 

Bl !J"'IN!TORING 

1. DesiGN CoNDITIONS 
2· PERMIT AvERAGING 
3. MoDELING TOXICITY 
4. I'IIXIKG ZoNE 

I 
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FINAL NATIONAL GUIDANCE 

0 To DATE THE FOLLOWING FINAL NATIONAL GUIDANCE HAS BEEN ISSUED: 

A ScREENING PRocEDURE FOR Toxrc AND CONVENTIONAL PoLLUTANTs 

(AUGUST 29, 1983) 

lAKES AND IMPOUNDMENTS, CHAPTER 2, £UTROPH!CAT!ON 

(AUGUST 29, 1983) 

STREAMS AND RIVERS, CHAPTER l, BOD/DO IMPACTS 

(OcTOBER 3, 1983) 

STREAMS AND RIVERS, CHAPTER 2, EuTROPHICATION 
' 

(SCHEDULED DECEMBER 1983) 

0 THE FOLLOWING FINAL NATIONAL GUIDANCE lS PLANNED FOR RELEASE IN THE 

COMlNG YEAR: 

STREAMS AND RIVERS, CHAPTER 3, Toxrc SUBSTANCES 

(sCHEDULED SEPTEMBER 198q) 

PERMIT AvERAGING PEaroDs 

(SCHEDULED SEPTEMBER 1981!) 
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DRAFT MANUALS FOR HEADQUARTERS AND REGIONAL REVIEW AND COMMENT 

0 WITHIN THE PAST YEAR, THE FOLLOWING DRAFT GUIDANCE MANUALS WERE SENT 

TO THE HEAOOUARTERS AND REGIONS FOR REVIEW AND COMMENT: 

STREAMS AND RIVERS, CHAPTER 2, EuTROPHICATION 

f'ERMIT AVERAGING 

STREAMS AND RIVERS, CHAPTER 3, TOXIC SuBSTANCES 

DESIGN CoNDITIONS. CHAPTER L DEsiGN FLow 

!NNQVAT!VE PERMITS 

0 DRACTS OF THE FOLLOWING WLA GUIDANCE MANUALS ARE UNDER DEVELOPMENT AND 

SCHEDULED FOR RELEASE TO THE HEAOOUARTERS AND REGIONS FOR REVIEW AND 

COMMENT DURING FY84: 

DESIGN CoNDITIONS, CHAPTER 2, DESIGN TEMPERATURE 

DESIGN CoNDITIONS, CHAPTER 3, DEsiGN PH 

A SesE EN! NG PRocEDURE FOR Toxrc MmJ.s 

EsTUARIEs. CHAPTER l, BOD/DO IMPAcTs 

EsTUARIES. CHAPTER 2, EuTROPHICATION 

lAKES ANP !MPOUNQMENTS. CHAPTER 3, TOXIC SUBSTANCES 
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GUIDANCE MANUALS PLANNED FOR FY84 

0 PREPARATION OF THE FOLLOWING DRAFT WASTELOAD ALLOCATION GUIDANCE 

MANUALS IS SCHEDULED FOR INITIATION DURING FY84: 

GENERAL GuiDANcE <NovEMBER 1983) 

EsTUARIES. CHAPTER 3, Toxic SuBsTANCES <MARcH 198~) 

DESIGN CONDITIONS, CHAPTER 4, EFFLUENT FLOW (OcTOBER 1983) 

DESIGN CoNDITIONS, CHAPTER 5, RATE CONSTANTS (TO. BE DETERMINED) 

LAKEs AND !HPOUNPMENTs. CHAPTER 1, BOD/DO IMPAcTs <To BE 

DETERMINED) 

0 DEVELOPMENT OF THE FOLLCIIIING GUIDANCE MANUALS ON THE BIO>IONITORING 

APPROACH IS ALSO P!.AN~ED FOR INITIATION IN FY8~: 

PERMIT AVERAGING FOR GENERIC ToXICITY (fiOVEHBER 1983) 

DESIGN CONDITIONS FOR GENERIC TOXICITY (NOVEMBER 1983) 

MoDELING GENERIC TOXICITY (DECEMBER 1983) 

MIXING ZoNE CTo B' DETERMINED) 
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TECHNICAL TRAINING SEMINARS 

0 TECHNICAL TRAINING SEMINARS PLANNED FOR FY84 ARE: 

BOD/DO MoDELING IN DALLAS, JANUARY 1984 

Tox1c SuBSTANCES IN ATLANTA, MARcH 1984 

Tox1c SuBSTANCEs IN SAN FRANCisco, MAY 1984 

DESIGN CoNDITIONs/PERMIT AvERAGING, AuGUST 1984 

(LOCATION TO BE DETERMINED) 

INNOVATIVE PERMITS, AUGUST 1984 

(LoCATION TO BE 0ETER~INED) 
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