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NOTICE

The attached document is a DRAFT REPORT. It includes technical
information and recommendations submitted by the United States Environ-
mental Protection Agency ("EPA") regarding the subject industry. It is
being distributed for review and comment only.

The report, including the recommendations, will be undergoing
extensive review by EPA, Federal and State agencies, public interest
organizations and other interested groups and persons during the coming
weeks. The report, and in particular, the recommended effluent limit-
ation guidelines and standards of performance are subject to change in
any and all respects.

The regulations to be published by EPA under Section 304(b) and 306
of the Federal Water Pollution Control Act, as Amended, will be based to
a large extent on the report and the comments received on it. However,
pursuant to Sections 304(b) and 306 of the Act, EPA will also consider
additional pertinent technical and economic information which is developed
in the course of review of this report by the public and within EPA.
EPA is currently performing an economic impact analysis regarding the
subject industry, which will be taken into account as part of the review
of the final report. Upon completion of the review process, and prior
to final promulgation of regulations, an EPA report will be issued
setting forth EPA's conclusions concerning the subject industry, efflu-
ent limitation guidelines, and standards of performance applicable to
such industry. Judgments necessary to promulgation of regulations under
Sections 304(b) and 306 of the Act, of course, remain the responsibility
of EPA, Subject to these limitations, EPA is making this Draft Report
available in order to encourage the widest possible participation of
interested persons in the decision making process at the earliest possible
time. Persons desiring to make comments on this document should do so
by May 17, 1974. Written comments should be submitted to Robert Schneider
of the EPA National Field Investigations Center, Box 25227, Denver
Federal Center, Denver, Colorado, 80225 (303/234-2481).

U. S. Environmental Protection Agency
Office of Air and Water Programs
Effluent Guidelines Division
Washington, D. C. 20460
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REVIEW NOTICE

This document presents conclusions and recommendations of a study con-
ducted for the Effluent Guidelines Division, United States. Environmental
Protection Agency, in support of proposed regulations providing effluent
limitations guidellnes and new source standards for the fish hatcheries
and farms point source category.

The conclusions and recommendations of this document may be subject to -
subsequent revisions during the document review process, and as a result,
the proposed guidelines for effluent 1imitations as contained within this
document may be superseded by revisions prior to final promulgation of
the regulations in the Federal Register as requ1red by the Federal Water
Pollution Control Act Amendments of 1972 (P.L. 92-500).
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ABSTRACT

This document presents the findings of a study of the fish hatcheries
and farms industry for the purpose of developing effluent limitations
guidelines, Federal standards of performance, and pretreatment standards
for the industry, to implement Sections 304(b) and 306 of the Federal
Water Pollution Control Act Amendments of 1972 (the "Act").

Effluent limitations guidelines are set forth for the degree of efflu- ,
ent reduction attainable through the application of the "Best Practicable
Control Technology Currently Available,! and the "Best Available Tech-
nology Economically Achievable," which must be achieved by existing
point sources by July 1, 1977, and July l, 1983, respectively. The
"Standards of Performance for New Sources'" set forth the ‘degree of
effluent reduction which is achievable through the application of the
best available demonstrated control technology, processes, operating
methods, or other alternatives. The proposed regulations require that
the native fish flow-thru culturing systems segment of the industry
provide by July 1, 1977, vacuum cleaning of culturing units or sedi-
mentation of their cleaning waste flow with sludge removal before
discharge to navigable waters. For the native fish pond culturing
systems segment of the industry, the 1977 requirements are settleable
solids reduction through controlled discharge of pond draining water.
The non-~native fish culturing systems segment of the industry is re-
quired to achieve no. discharge of wastewater pollutants with land
disposal by July 1, 1977. By July 1, 1983, the native fish flow-thru
culturing systems will be required to achieve greater reductions in
pollutants discharged by the sedimentation of their entire waste flow
with sludge removal. The 1983 requirements for the other two segments
of the industry are the same as for 1977. New source performance
standards for all three segments of the industry are the same as the
1983 requirements.

Supportive data and rationale for'development of the proﬁosed effluent
limitations guidelines and standards of performance are contained in
this report.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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SECTION I.

CONCLUSIONS

Fof the purposes of establishing effluent limitation guidelines
and standards of performance, the fish cqlturing industry has been
divided into three subcategories, based on product and culturing pro-
cess. Other factors, including wastes generated, treatability of
wastewater, facility size and.age, geoéraphic location and raw mater-
ials were considered but do not jcstify further subcategorizaticn.

The subcategories are:

1. Native Fish -- Flow-thru Culturing Systems

2. Native Fish -- Pond Culturing Systems

.3. Non-Native Fish Culturing Systems

Data were summarized to arrive at waste characteristics for each
subcategor&. Wacce characteristics for the native fish subcategories
are shown in Table I-1.

Non-native fish are cultured in pond systems. Therefore, with the
exception of biological pollutants, waste chéracteristics are the same
as for native fish pond'cultpring systems:

The current standard of practice in the native fish culturing
induétry is no treatment of wastewater discharges. An estimated 12 per-
cent of the flow-thru systems and one percent of the pond culturing
NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED

AND FURTHER INTERNAL REVIEW BY EPA.
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TABLE I-1

WASTE CHARACTERISTICS -~ NATIVE FISH CULTURING SYSTEMS

Flow-thru
Culturing Systep Pond Cultuylng

Waste (kg/100 kg fish System—
Constituent on_hand/day) : , (mg/1)
.BOD 1.3 | | 5.1
CcoD ' 5.5 31
Suspended Sclids 2.6 157
Settleable Solids— b/ 0.8 5.5
NH3—N 0.09 0.39
TKN 0.38 ' 0.78
NO,-N ~ 0.06 0.41
Total PO,~P 0.03 0.13
Fecal Coliforns! 28 >200

af Characteristlcs are for draining discharges only becéause flow-thru
ponds are considered flow-thru culturing systems.

b/ Reported as ml/1.

c/ Reported as number of bacteria per 100 ml of water

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION‘
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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systems provide treatment. In non-native fish culturing, an estimated
60 percent of the operations discharge to municipal.sewage treatment
facilities, an estimated 33 percent discharge téﬂsurface waters without
treatment, and an-eS§imaﬁéd 7 percent use land disposal to achieve no
discharge of wastewaters to surface waters.

" Technology is aﬁailable to improve the quality of discharges from
fish culturing faéilitigs. In—plant c;ntrol'measures can be incorpor-
ated to reduce the level of pollutants discharged. Eight treatment
methods, providing different levels of pollutant reduction, have been
identified for flow-thru systems culturing native fish, Three ;ontrol‘
and treétment methods have been identified fér native fish pond cultur-
ing systems, and three have been identified for non-native fish cultur-
" ing. Cost estimates for alternatives in each subcategory have been made
and are summarized in Table VIII-13.

It is concluded that thé Best Practicable Control Téchnology
Currently. Available (BPCTCA) for the Native Flsh -- Flow-Thru Culturlng
Systems subcategory is treatment of the cleanlng flow by sedlmentatlon
or vacuum clean1ng.4 This technology will eliminate slug discharges of
pollutants assoéiated with cleaning wastes and in termslof total pollu-
tant load will remove 15 percent of the BOD and suspended solids. The
Best Available Technology Economically Achievable (BATEA) is sediment-
ation of the entire flow with sludge removal This treatment method
will remove 35 percent qf the BOD and 50 percent of the:suspended solids. .
NOTICE: THESE ARE TENTATIVE RECOMMENDATIONé BASED4UP6N INFORMATION
- IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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Both BPCTCA and BATEA for the Native Fish-Pond Culturing Systems
subcateégory are shown to be in—plantAcontfoi‘of draining dischargeé
consisting of: (a) draining at a éonfroiied rafé; ) draihing fhrough
another rearing pond of.settling pond;:of (c) harvésting withéut\drain—
ing. Each of these measures can remove at'leéét 40 pErcenE of the
settleable solids.

1t is also concluded that BPCTCA and BATEA for the Non-Native Fish
Culturing Systems suBcategOry is.nd'discharge'with laﬁd:dispésai. This
will eliminate the discharge of pollutants.:

Furthermore, BPCTCA and BATEA can be implemented by the fish

culturing industry by July 1, 1977, and July 1, 1983, respectively.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION.
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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SECTION II.

RECOMMENDAT IONS

Presented herein are the recommended effluent limitations guide-
lines for the fish culturing industry. Limitations written in terms
of daily or thirty-day values will be moﬁitored fdr.coﬁpliance with
24~-hour composite saﬁpling. Limitations written in terms of instan-
taneous values should be monitored for compliance with grab sampling.
Maximum one-day values are 1.3 times the thirt&—day valﬁe. The value
of 1.3 was chésen on the basis that the treatment systems recommended
accomplish pollutant removals through entirely physical means and thus
are considered stable processes.

It is:recommended that the Best Practicable Control Techmology
CurrentlyrAvailahle'be implemenféd by the fish culturing industry 6n
or before Jﬁly 1, 1977. 1t is further recommended that the effluent
limitations indica;ed in Table II;l be adoﬁted.és tevel I technology
achiévable through the implementation of BPCTCA.

It i; recommended that the Best Available Technology Economically
Achiévable be implemented by the fish culturing industry on or before
July 1,‘1983.. It is further recommended that the effluent limitations
indicated in Table II-2 be adopted as Level II technology achievable
‘ NOTICE: THESE ARE TENTATIVESRECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS' RECEIVED

AND FURTHER INTERNAL REVIEW BY EPA.
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TABLE II-1

LEVEL. I EFFLUENT LIMITATIONS® - JuLy 1, 1977

‘ kg/100 kg f;sh on_hand/day Maximum Instan-
Parameter Max, Daily - ' Avg, Daily taneéus>(mgll)

NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS

Suspended Solids ' 2.9 2.2 -

Settleable Solidsh/ - _ -— 0.2

NH,-N 0.12 | 0,09 C -

Fecal quiformgjv - - 200 organisms/100 ml

NATIVE FISH -- POND CULTURING SYSTEMS

Settleable Solidshl - —_ - 3.3
Fecal Coliformg/ o - o - © 200 organisms/100 ml

NON-NATIVE FISH CULTURING SYSTEMS

No discharge of process wastewater pollutants

a/ Effluent limitations are net values.

b/ Reported as ml/l. Limitation applies to cleaning culturing units
containing fish or cleaning after fish have been remoyed.

¢/ Salmonid operations are excluded from this effluent 11m1tat10n

NOTICE: '~ THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT.TO CHANGE BASED UPON COMMENTS. RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.

DRAFT



TABLE II-2

LEVEL II EFFLUENT LIMITATIONSEI - JULY 1, 1983
and

LEVEL III EFFLUENT LIMITATIONS—/ - NEW SOURCES

kg/100 kg fish on hand]day Maximum Instan-

Parameter Max. Daily Avg. Daily taneous (mg/l)

NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS

Suspended- Solids 1.7 _ 1.3 . -
Settleable Solids®! -- Co<od 0.2
NH, N | 0.12 0.09 —-
Fecal ColifornS! B — — 200 organisms/100 ml

NATIVE FISH -- POND CULTURING SYSTEMS
Settleable Solidsh/,,‘ - - 3.3

Fecal Coliforn®! -— - 200 organisms/100 ml

NON-NATIVE FISH CULTURING SYSTEMS

No discharge of process wastewater pollutants

a/ Effluent limitations are net values.

b/ Reported as ml/l. Limitation applies to cleaning culturing units
containing fish or cleaning after fish have been removed.

c/ Salmonid operations are excluded.from this effluent limitation.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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through the implementation -of BATEA. The effluent limitations pre-
sented in Table II-2 are also recommended as New Source Performance

Standards or Levél:III-ﬁechnoloéy; '

NOTICE: - THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION ;>
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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SECTION III.

INTRODUCTION

PURPOSE AND AUTHORITY

Legal Authori;z

Existing,Point Sources -~ Section 301(b) of the Act requires the

achievement by not later than July 1 1977, of effluent limitations
for point sources, other than publicly-owned treatment works, which
require the application of the best practicable control technology
currently available as defined by the Administrator pursuant to sec-
tion 304(b) of the Act. Section 301(b) also requires the achievement
by not later.than July 1, 1983, of effluent limitations for point
‘sources,.other than publicly—owned treatment works, which require

the applieation of tnebbest available technology economically achiev-
able which will result in reasonable further progress toward the na-
tional goal of eliminating the discharge of all pollutants, as deter-
mined in accordance with regulations isgsued by ‘the Administrator pur-
suant to section 304(b) of the Act.

Section 304(b) of the Aet requires the Administrator to publish
regulations providing guidelines for effluent limitations setting
forth the degree of effluent reduction attainable through'the appli-
cation of the best practicable control technology currently available
and the degree of effluent reduction attainable through the applica-
tion of the best control measures and practices achievable including
treatment techniques; process and procedure innovations, operating

‘methods and other alternatives. The regulations proposed herein set
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forth effluent limitations guidelines, pursuant to section 304(b) of
the Act, for the fish culturing facilities source category. As such,
it covers only facilities in the United States that culture or hold
native or non-native species. It does not address fish plers, fish
outs, fishing preserves, frog farms, oystef‘beds, maricultufe, of'
aquaculture'facilities as covered by Sec;ioh 318.

New Sources —- Section 306 of the Act requires the achievemeﬁt by
new sources of a Federal_staﬁdard of performance providing for the con-
trol of the discharge of pollutants'which refiects the greatest degree
of effluent reduction‘which the Administrator determines to be achiev-
able through application of the best available demonstrated control
technology, processes, operating methods, or other alternatives, in-
cluding, where practicable, a standard permitting no discharge of
poellutants.

Section 307(c) of the Act requires the Administrater ﬁo promul-
gate prétreatment standards for new sources at_the saﬁe;time that stan-
dards of performance for new sources are promulgated;pursuant to sec~
tion 306.

Section 304(c) of the Act requires the Administrator to issue to
the States and appropriate water pollution control agencies informa-
tion on the processes, procedures or operating methods which result in
the elimination or reduction of the discharge of pollutants to implej
ment standards of performance under section 306 of the Act. This

Development Document provides, pursuant to section 304(c) of the Act,

information on such processes, procedures or operating methods.
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Summary and Basis of Proposed Effluent Limitations Guidelines for
Existing Sources and Standards of Performance and Pretreatment
Standards for New Sources. '

General Methodology -- The effluent limitatiAns guidelines and
standards of performancé proposed herein were developed in the follow-
ing manner. The point source category wasxfirst studied for the pur-
pose of determining whether separate limitations and standards are
appropriate for differént segments within the category. This analy-
sis included a determination of whether differences in raw material
used, product produced, manufacturihg procéss employed, age, size,
wastewater constituents and other factors require development of
separate limitations and standérds for different segments of the
point source category. The raw waste characteristics for each such
segment were then ideﬁtified, This included an analysis of (1).the
‘source, flow and véiqme of water used in the process employed and the
sourées~o£ waste and wastewaters in the operation, and (2) the con-
stituenfs_of all wastewaters. The constituents,of thé wastewaters
which should be subject to effluent limitations guidélines.and stan-
dards of performance were identified.

The control and treatment technologies existing within each
segment were identified. This included an identification of each
distinct control and treathent technology, including both in—p;ant
and end-of-process technologies, which are existent or capable of
beipg designed for each segment; It also included anvidentification,
in terms of the amount of constituents and the chemical, physicali
and biological characteristics of pollutants, of the effluent level
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resulting from the application of each of the technologies. The
problems, limitations and reliability éf each treatment and control
technology were also identified. In addition, the non-water quality
environmental impacts, sﬁch as the effects of the application of
such technologies upon othe; pollution proBlems, including air,
solid waste, noise and radiation, were identified. Theé energy ré=
quirements of each control and treatment technology were determined
as well as the cost of the application of such technologies:

The information, as outlined above, was then evaluated in 6fder
to determine what levels of technology constitute the "best prac;i=
cable control technology currently available", the "best availabie
technology economically achievable" and the "best availabie demori=
strated control technology, processes, operating methods, ot other
alternatives.”" 1In identifying such technologies, varicus factors
were considered. These included the total cost of application of
technology in relation to the effluent reductiqq‘beneffﬁé to' be
achieved from such application, the age of equipment and facilftfes
involved, the process employed, the engineéring aspects: of the'
application of various types of control techniques, ﬁfﬁééésféﬁaﬂges;
non-water quality environmental impact (including energy require~
ments) and other factors.

The basis for development of the- effluent limitatfons: présented
in this document consists of review and evaluation’ of available liter-
ature; EPA research information; Bureau of Sport Fisherieés® and Wildlife
information; monitoring data from State Fish and Game Departments; con-"
sultant reports on fish hatchery design; water pollution studies’ by’
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government agencies; intérviews with recognized experts and trade
associations;.and analysis and evaluation of permit application data
provided by the industry under the Permit Programs of the Rivers and
Harbors Act of 1899 (Refﬁse Act).

The pretreatment standards fof new sources proposed herein are
intended to be complehentar? to the pretreatment standards proposed
fof existing sources under 40 CFR Part 128. The bases for such stan-
dards are set forth in the Federal Register of July 19, 1973, 38 FR
19236. .The provisions of Part 128 are equally applicable to sources
which would constitute "new sources" under section 306 if they were
to discharge polluéants directly to navigable waters, except for
§128.133. That section providgs a pretreatment standard for
"incompatible pollutants" which requires application of the "best

' subject to an

practicable.control~technology currently available,’
adjustment.for amouﬁts of pollugants'removed by the publicly-owne§
treatment works. K For the pretrea;ment standardslappliéable to new
sources, 5128.133 is amended to require applicéfion of the standard

of performance for new sources rather than the "best practicable”
standard applicable to existing-éourceé under sections 301 and 304(b)
of the Act.

This effluent guidance document is intended go satisfy all the
requirements of the Act as it pertains to the previously described fish
culturing soufce cétegdry.l Fundamental d;fferences in the methods of
obtaining, holéing, culturing and distributing of species necessitates
sepa;ate-discussion for native and non-native fish.
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* .
NATIVE FISH - GENERAL DESCRIPTION OF THE INDUSTRY

Industry Growth -

.The development of native fish-culturing activities in the United
States since the turn éf the century has been‘phenomenal;' -In 1900 the
Federal Government operated 34 fish hatcherieées and fish-collecting
stations and it was estimated that there were about the same'number'of.
state hatcheries (242). 'In subsequent years the number of gévernment
owned and operated hatcheries increased rapidly. By 1948 nearly 500 -
more state hatcheries were in operétion and the federal units had in-
creased to 97. During the past 25 years, many of the smaller and less
efficient hatcheries have been replaced by larger modern facilities
(244). In 1970, according to data compiled by the Bureau of Spdft
Fisheries and Wildlife, there were 579 fish-~culturing facilities op—
erated by governmental agencies. Of this total, 482 were statée and 97
were federal fish hatcheries. It has been estimated that government
facilities produce more than 9070 metric tons;(ZO miilion pounds) of
salmonid fish (salmon and trout) and 680 metric tons (1.5 million
pounds) of other native species, such as catfish and sunfish,; annually
(244,260).

Similar development has occurred in privately-owned fish pro-

duction facilities, often referred to as fish farms. Private fish

*Native species of fish are defined in "Special Publication No. 6" of
the American Fisheries Society entitled, "A List .of Common and
Scientific Names of Fishes from the U.S. and Canada." Although common
carp, goldfish and brown trout are categorized as non-native fish in
the American Fisheries Society List, they are considered native species
in this document.  The rationale for this inclusion .is based upon the.

. fact that these fish have a widespread distribution and relatively long
residence time in the waters of the United States (82).
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farming began in the United States during the 1930's aﬁd by the mid-
1950's the industry was fairly well developed and widespread (31).

The principal type of_fish_cultured at farﬁs,in the western and north-
ern sections .of the Unifed.States was trout (59)'wﬁile in the ceﬁtral
and southern areas the major efforts were &igected at culturing buffalo
fish usually in combination with catfish, crappie and bass (96).

About 1963 there was a cﬂange in the centfal and southern fish-
farming activities. Nearly 80 perce;t of the land under pond culti-
vation for raising buffalo fish was“converted,to the raising of cat-
fish and minnows (31). _

During the410 years that followed (1963 to 1973), fish farm pro-
duction continued to. experience significant growth. Unfdrtunately
many private farmers guard their production information resulting in
only fragmentary dataﬁonrthe fish—farming industry. Nevertheless, the ‘
importance of private enterprise in producing(markétable fish can be
111lustrated. Fb; example, private fish farms in idahé annually pro-
duce about the same poundage of trout as all the federal fish hatcheries
in the United States combined (135). It has been estimated that these
private hatcheries produced 6,800 metric tons (15 million pounds) of
trout each year primarily for consumption (268), and reported}y have
potential for. additional development (23). Fish farms raising.catfish
have shown similar growth. In the southerg United States privately-owned -
catfish farms pfdduced 12,250-métric tons (27 million pounds) in 1968-and
. projections indicate that these farms have a potential of producing more

than 50,800 metric tons (112 million pounds) by 1975 (122).
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In a cooperative study with the 50 states, the Bureau of Sport Fish-
eries and Wildlife, U. S. Department of the Interior, published infor-
mation on the potential growth of the native fish-¢ulturing industry in
the United States (2445. This national survey concluded that during
1965, federal and state hatcheries producéd nearly 250 million trout,’
from fry to catchables, weighing almost 8,165 metric tons (18 million
pounds). By the year 2000, it is estimated that trout production in
government-owned and operated hatcheries will more than double to

505 million fish per year weighing‘nearly'17,240 metric tons (38 million

‘pounds) [Table III-1]. This 9,070 metric tons (20 million pound)

increase would mean an average annual production rate of 30 to 45 metric
tons (65,000 to 100,000 pounds) of fish per hatchery. However 300 addi-
tional hatcheries will have to be constructed to meet this estimate.

The potenfiallhatchery production of warm-water fish was also esti=
mated in the cooperative national survey. In 1965 the 'annual production
of warm-water fish by state aﬁdAfederal'hatcheries wés about 1.2 bil-
lion and by the year 2000 the annual production is estimated to approach
2 billion [Table III-2].

As part of the national survey, an effort was made by the Fish and
Wildlife Service, USDI, to obtain present and fututre production capa-
bilities of private hatcheries and fish farms. Only 97 operations
supplied information and the data are not presented in ‘this doéument’
because of their incompletenesé.
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TABLE III-1

TROUT PRODUCTION AT FEDERAL AND STATE HATCHERIES
PROJECTED THROUGH THE YEAR 2000
. (FROM REFERENCE 244)

Production (Thousands of Fish)

DRAFT
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State 1965 1973 1980 2000
Alabama 6 15 19 23
Alaska 2,100 4,000 6,900 9,500
Arizona 6,555 7,310 7,800 9,330
Arkansas 882 1,353 1,495 2,093
California 28,933 51,713 57,898 58,000
Colorado 18,473 34,963 36,484 40,678
Connecticut 709 ‘ 953 972 1,443
‘Delaware 15 35 39 55
Florida 3 . 3 3 4
Georgia 803 1,276 1,378 1,809
Hawaii 100 150 300 400
Idaho 27,663 36,021 37,021 39,021
Il1linois 31 20 22 31
Indiana 66 107 112 131
Iowa 282 349 408 493
Kansas - - - -
Kentucky 79 616 681 954
Louisiana - - - -
Maine 2,004 2,651 2,466 2,732
Maryland 339 867 899 1,039
Massachusetts 1,648 2,187 2,338 2,753
Michigan 5,317 17,203 23,038 31,133
Minnesota 4,019 4,935 5,532 " 4,505
Mississippi - - - -
Missouri 2,880 3,211 3,383, 3,990
“Montana 7,916 9,500 14,288 14,613
Nebraska 795 1,017 1,155 1,497
Nevada 3,770 5,150 5,685 7,310
New Hampshire 2,825 2,320 2,470 2,985
New Jersey ' 650 914 1,031 1,451
New Mexico 8,780 12,859 14,607 17,150
New York 5,769 5,463 5,503 5,675
North Carolina 1,525 1,335 1,397 1,661
North Dakota 1,238 1,220 1,348 1,887
Ohio 23 90 96 120
Oklahoma . 66 144 160 224
Oregon 26,932 38,348 47,801 73,621
Pennyslvania 4,028 6,519 9,179 12,350
Rhode Island 515 401 414 447
South Carolina 126 139 195



- 18

TROUT PRODUCTION AT FEDERAL AND STATE HATCHERIES
“PROJECTED THROUGH THE YEAR 2000
(FROM: REFERENCE 244)

TABLE III-1 (Cont.)

Production (Thousands of Fish)

State 1965 11973 . 1980 .. . 2000
South Dakota 1,440 2,178 2,313 2,749
Tennessee -1,515 2,999 3,314 4,564
Texas = - o= o=
Utah 19,773 23,980 25,714 46,800
Vermont 2,485 2,716 2,778 - 3,017
Virginia 1,194 2,061 2,451 3,432
Washington 37,334 42,477 48,069 63,985
West Virginia 1,528 1,557 2,194 2,960
Wisconsin 3,013 3,580 3,564 4,062
Wyoming 13,566 18,628 20,205 22,588 -
District of Columbia 2 o 5 6. “ 8

Total 249,755 355,525 405,069 505,468
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WARM-WATER FISH PRODUCTION AT FEDERAL AND STATE HATCHERIES

TABLE ' III-2

PROJECTED THROUGH THE YEAR 2000

(FROM REFERENCE 244)

Production (Thousands of Fish)

19
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State" 1965 1973 1980 2000
Alabamaa/ 5,218 8,903 9,445 11,736
Alaska — - - - - '
Arizona 516 950 1,500 2,500
Arkansas 11,210 15,034 18,337 21,151
California. 27 130 535 (535)
Colorado 10,775 12,637 15,807 26,290
Connecticut ‘ 14 16 17 20
Delaware 118 242 - 246 264
Florida 5,041 9,378 10,325 12,922
Georgia 16,209 23,114 25,039 31,534
Hawaii 50 75 100 150
Idaho 10 50 S0 50
Illinois 2,124 2,451 2,598 3,216
Indiana 2,873 3,813 4,242 5,864
Iowa 114,679 141,089 165,209 208,953
Kansas 13,185 41,600 46 ,531 52,843

" Kentucky 2,465 8,495 11,376 14,726
Louisiana 10,213 18,864 23,624 30,724
Maine 34 50 55 77
Maryland 168 12,249 25,277 15,387
Massachusetts 214 338 388 535
Michigan 3,701 4,925 5,022 5,431
Minnesota " 194,718 304,437 "-304,903 306,864
Mississippi 9,380 17,071 18,863 26,409
Missouri - 4,194 20,949 81,326 103,461
Montana 2,052 2,100 2,102 2,615
Nebraska 18,622 15,592 16,158 16,591
Nevada 116 110 110 112
New Hampshire 1 5 6 8
New Jersey ‘ 290 390 430 597
New Mexico 4,500 7,265 8,029 11,240
New York 348,469 450,478 " 450,515 450,669
North Carolina 5,878 10,029 10,860 14,356
North Dakota 46,505 46,924 49,752 61,653
Ohio ‘ 48,009 52,698 58,827 71,919
Ok lahoma 26,381 31,956 46,530 61,902
Oregon » 502 - 2,502 3,002 . 3,502
Pennsylvania 17,462 21,250 31,775 42,385
Rhode Island 3 26 48 88
South Carolina 57,605 8,698 9,450 12,391
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TABLE III-2 (Cont.)
‘WARM-WATER ‘FISH PRODUCTION AT FEDERAL AND STATE HATCHERIES
PROJECTED THROUGH THE YEAR 2000
(FROM REFERENCE 244)

Production (Thousands ‘of Fish)

State , 1965 1973 . -.1980 . 2000
South Dakota 48,450 71,226 73,03% 101,646
Tennessee 6,389 4,076 4, 249 5, 979
Texas 17,278 13,996 14, 417 16,192
Utah 3,045 10,059 10,065 10,091
Vermont 1 . 4 .5 R
Virginia 6,004 11,350 15,729 215,236
Washington 76 - 100 100 200
West Virginia 579 679 - , 810, o 979
Wisconsin 112,468 169,675 170,785 185,618
Wyoming 10,013 10,025 10,028 10,039
District of Columbia 7 . 13. . s 14 Lo 20

Total 1,187,841 1,578,104 1,747,645 1,973,677

a/ No warm-water fish cdlturing opérations.
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Types of Facilities.

Perhaps the most striking difference in native fish-rearing faci-
lities 1s related to water-flow patterns. 'Fish can be reared in closed
ponds which typically dischargé less than 30 days per year or only dur-
ing periods of excess runoff. Another oper;tion, the open pond, usually'
has a continuous errflow. A third type of operation, the flow-thru
system, consists of a single or series of reafing units. The fish are
concentrated in FheAculturing unit through which a continﬁous flow of
water passes. Uneaten food and fish excregé éfe routinely removed from
ﬁost types of flow-thru regring units by variqus typés of cleaning
practice#.

A fourth type of rearing process relies upon recondiﬁioned and
recycled water. Su:veys_(34) have revealed that reconditioning is
becoming more attr;ctive becéuse: (a) many water supplies are too
édld and must be heated, thus on a once-through basis all the heat re-
maining is wasted; and (b) many areas do not have sufficient water sup-
plies to-rear a full capacity of fish during dry months. In addition,
reconditioning is attractive in operations where source water must be
disinfected to control diseases. TFigure III-1 diagrammatically shows
the four systems described. Many oberations do not limit their acti-
vities to the use of just one of these confinement methods for their
fish-culturing processes. -For examble, typical cold-water or salmonid

fish hatcheries have propagation facilities that include holding ponds,

- DRAFT



22

A. CLOSED POND

Source Water Rearing

_ __ _ Discharge . __
Pond : ) -

B. OPEN POND (Uncleaned)

Source Water . *. . Discharge
- :Reaplng —

Pond

sz

C. TFLOW-THRU UNITS (Cleaned)

Source Water Normal Discharge

Rearing Unit

'
v

Cleaning
Discharge

D, RECONDITIONING-RECYCLE

Reconditioned Recycled Water

Source Water Y Rearing . Recoricfi“tiohingE | Discharge
‘ Units(s) System
— ' " = e
Sludge or
~Filter Backwash -
Legend

Intermittent Flow

——eemmee. Continuous Flow

Note: B and C operate as single-pass systems
with single units or multiple units in series.

Figure III-1. Types of Water-Flow Systems Used in Fish Culturing
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rearing tanks and raceways (139). Even the warm-water fish culturing
operations such as catfish farms are béginning to expand thelr faci-
lities beyond thé’sffictly popd—ﬁype system of rearing. They are
beginning to construct éﬁd'stock raceways because this production
process offers‘ease in harvesting fish, greater carrying capacity and
otﬁer distinct advantages over the pond syétems (205). lThe blending of
production processes is even more evidenf in hatcheries or farms that |
have multiple water soﬁrces allowing them to rear warm-water and cold-

water fish,

Location of Facilities

Hatcheries specializing in thé'reariné of salmonid fish are con-
centrated in the northwest region of the United States (176) where the
volume of cool water (about 10°C or 50°F) for culturing is abundant
and inexpensive. ﬁéwever, cold-water hatcheries are not limited to
the wesé. Considerab1é=numbers of salmonid hatcheries are located
in the Great Lakes area; along the northeast Atlantic states, and in
the~mountains‘of the mid-coastal and southeastern states [Table III-3].
On the other hand, warm-water fish culturing operationé are concentra-
ted in, but ﬁot limited to, the central-southern‘sectioﬁ of the United
States Qhére climate, water ﬁemperatures and other physical conditions
are conducive to the rearing of such types of fish as minnows, sunfish
and catfish (51,87,121,223).

Fish farms and hatcheries ére generally located in rural areas.
Some occupy several hundred acres while oéhers may be contained within

.a single building or even a portable shed with an incubator and a water
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TABLE III-3

GEOGRAPHIC DISTRIBUTION OF STATE, FEDERAL AND PRIVATE
FISH-CULTURING FACILITIES IN THE UNITED STATES
THAT REAR NATIVE FISH™/ '

Cold Vater Warm Water MixedE/ /

State . Federal State Private Federal State Private - Federal State Privatec
Alabama _ o 1 2 2 -9
Alaska 4 :
Arizona 2 2 1 . 1 1
Arkansas 2 8 2 3 30 - :
California 2 20 66 -2 118 32
Colorado 2 19 - 12 2 1. S 2
Connecticut 3 9 18 5
Delaware '
Florida 1 2 1
Georgia 1 2 3 7 19 2
Hawaii ,
Idaho 3 17 34 . : N .2
Illinois 5 2 13
Indiana ’ 1 -6 4 .
Towa 1 2 1 26 10 4
Kansas o 2 2 55 -
Kentucky 1 1 2
Louisiana 1 3 18
Maine 1 17 .12 1 -5 1 B
Maryland 3 2 4 ’ 1
Massachusetts 2 6 9 ‘2 5 1 1
Michigan 3 8 111 10 ' 1 10
Minnesota 3 1 ’ 34 86 1 2 19
Mississippi 2 35
Missouri 5 10 6 62 1 3
Montana 3 8 35 1 1
Nebraska 1 .5 1 10 1 3
Nevada 1 5 1
New Hampshire 2 8 2 2
New Jersey 1 3 ] 1
New Mexico 1 6 2 1 2
New York 1 13 38 - 3 4 2 1
North Carolina 1 4 18 2 3 2
North Dakota 1 2 6 1
Ohio 1 3 2 3 46 3 23
Oklahoma , 4 83 1 8
Oregon ' 1 31 25 ' 1 1
Pennsylvania 3 50 1 33 1 7 6
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TABLE III-3 (Cont.)

CEOGRAPHIC DISTRIBUTION OF STATE, FEDERAL AND PRIVATE
FISI-CULTURING FACILITIES IN THE UNITED STATES
THAT REAR NATIVE FIShZ

Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming

Total

Cold Vater Warm Water Mixedhj /
Federal State Private Federal State Private Federal State Private—
2 ‘ 1
1 2 6
2 1 3 3 1
2 2 7 4 21 1 3
3 11 54
1 11 7 ’ 2
1 6 2
1 3 - 4 2 3 6
10 59 33
4 5 1 3 3 1 2
7 17 3 8 2 5 28
2 10 1 1

49 296 540 29 156 783 15 37 150

a/ Data based on. information contained in Supplement B.
b/ Operations with both cold- and warm-water fish.
c/

DRAFT
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supply. A warm-water hatchery often appears to be much larger than a
trout or salmon hatchery. This 1s because of the larger acreagé of
ponds utilized for natural spawning and rearing of warm-water fishes.
At federal facilities the average cold-water fish hatchery includes
about 60 hectares (150 acres) of land while the avefage warm-water
hatchery is 8 hectares (20 acres) larger (244).

If wastewater treatment is deemed nécessary at these facilfties,
there 1s generally sufficlent acreage to permit the installation of
adequate treatment systems. Those with spatial liﬁitatibns either
have other land available they can purcﬂase or are reasonably well
suited (from a physical but not necessarily an economical standpoint)
for operating‘a water-recycling system. Most hatcheries are built
on flat to moderately rolling terrain. In many localities the most
economical and desirable site cannot be used because the land is
subject to flooding; In other localities the type of soil'may pre-
sent a major problem in site selection for earthen raceways, ponds
or impoundments. A potential fafm or hatchery'iocation may be re-
jected 1f soils allow excessive seepage or adversely affect water

quality and subsequently interfere with the fish-rearing process.

Fish Cultured

A review of available literature [Section XIII] produced a list
of 83 species of native fish cultured in the United States. For the
sake of simplicity, these specieé were piaced into two major groups,
cold-water and warm-water fish. Because of similarities in production
and for convenience, cool-water fish such as pike and walleye were in-

cluded in the warm-water fish group (Table III-4).
DRAFT



TABLE I11I-4

NATIVE -‘FISHES CULTURED IN THE UNITED STATES

Common Name

1. Pink salmon

2. Chum salmon

3. Coho salmon

4, Sockeye salmon
5. Chinook galmon
6. Apache troutgl
7. Golden trout

8. Cutthroat trout
\ 9. Rainbow trout
10. Gila trout

11. Atlaﬁtic salmon

12. Brown trout

13. Brook trout

DRAFT

Scientific Name

COLD-WATER FISH

" Oncorhynchus gorbuscha

{(Walbaum)

Oncorhynchus keta
(Walbaum)

Oncorhynchus kisutch
‘(Walbaum)

Oncorhynchus nerka

- (Walbaum) o

Oncorhynchus tshawytscha

(Walbaum)

Salmo apache
(Miller)

Salmo aguabonita
(Jordan)

Salmo clarki
. (Richardson)’

Salmo gairdneri
(Richardson)

Salmo gilae
(Miller)

Salmo salar
(Linnaeus)

Salmo frutta
(Linnaeus)

Salvelinus fontinalis
(Mitchill) -

27

Reference

(248)
féso)
(250)
(250)
(250)
(271)
(271)
(250)
(250)
(271)
(250)
(250)

(250)
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TABLE III-4 (Cont.)

NATIVE FISHES CULTURED IN THE UNITED STATES -

Common Name Scientific Name Reference

COLD-WATER FISH (Cont.)

14. Dolly Varden Salvelinus malma ' (250)

(Walbaum)
15. Lake trout . 7 Salvelinus :namaycush - (250)
4 (Walbaum)
16. Arctic grayling Thymallus arcticus (248)
‘(Pallas).
17. Inconnu : Stenodus leucichthys (248)
(Giildenstadt)

WARM-WATER FISH

1. Gizzard shad Dorosoma cepedianum (31)
(Lesueur)

2. Shovelnose sturgeon - Scaphirhychus platorynchus (250)
(Rafinesque)

3. Paddlefish Polyodon spathula - (32)

- (Walbaum)

4, -Bowfin | Amia calva (250)
(Linnaeus) '

5. Central mudminnow Umbra limi (18)
(Kirtland)

6. Gars Lepisosteus sp. (249)

7. Northern pike Esox lucius (250)
(Linnaeus)

8. Muskellunge Esox masquinongy (250)
(Mitchill)



TABLE III-4 {(Cont.)

NATIVE FISHES CULTURED IN THE UNITED STATES

Common Name

10.
11.

12.

13,

14.
15.
16.
17.
18.
19.
20.
21,

22.

Chain pickerel
Stoneroller
Goldfish

Carp
Silver&minnow
Hornyhead chub
River chub
Golden shiner
Plains minnow
Brassy minnow
Lake chub

Utah chub
Leatherside chub

Emerald shiner

DRAFT

Scientific Name

WARM-WATER FISH (Cont.)

Esox niger

’(Lesueur)

Campostoma anomalum

(Rafinesque)

Carassius auratus
(Linnaeus)

Cyprinus cagpio
{Linnaeus)

Hybognathus nuéhalis

‘(Agassiz)

Nocomis biguttatus
(Kirtland)

Nocomis micropogon

(Cope)

Notemigonus crysoleucas

(Mitchill)

Hybognathus placitus
(Girard)

Hybognathus hankinsoni
(Hubbs)

Couesius plumbeus
(Agassiz)

Gila atraria
(Girard)

Gila copei
(Jordan and Gilbert)

Notropis atherinoides
(Rafinesque)

29

Reference

(65)
(18)
(250)
(250)
(126)
(18)
(18)
(18)
(126)
(18)
(126)
(126)
(126)

(18)
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TABLE 1II-4 (Cont.)

NATIVE FISHES CULTURED IN THE UNITED STATES

Common Name

23,

2&’

25,

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Scientific Nameé

WARM-WATER FISH (Cont.)

Common shiner

Red shiner

Sand shiner

Northern redbelly dace

Southern redbelly dace

Bluntnose minnow

Fathead minnow

Finescale dace

Blacknose dace

Speckled dace

Redside shiner

Creek chub

Utah sucker

White sucker

DRAFT

Notropis cornutus
(Mitchill)

Notropis lutrensis.

(Bard & Girard)

Notropis stramineus
(Cope)

Phoxinus eos

(Cope)

Phoxinus erythrogastéﬁ.

(Rafinesque)

Pimephales notatus

(Rafinesque)

Pimephales promelas:

(Rafinesque):

Phoxinus neogaeus’

" (Cope)

Rhinichthys atratilus’

(Herman)-

Rhinichthys osculiis:

(Girard)

Richardsonius baleatus?.
(Richardson)

.Semotilus atromaculatus?

(Mitchill)

Catostomus ardens
(Jordan and Gilbert)-

Catostomus commersoni.
(Lacépéde)

Réference

(18)
156)
(126)

(18y

" (18y

(18y

(25

(18)

L8y
(128)
(126)

18y
(126)-

(126)



" TABLE II1I-4 (Cont.)

NATIVE FISHES. CULTURED IN THE UNITED STATES

Common Name Scientific'Name

WARM-WATER FISH (Cont.)

37. Smallmouth buffalo Ictiobus bubalus
‘ (Rafinesque)
38. Bigmouth buffalo Ictiobus cyprinellus
~ (Valenciennes)
39. Blue catfish - Ictalurus furcatus
(Lesueur).
40. Bigmouth x Black buffalo Ictiobus cyprinellus
(Valenciennes)
x Ictiobus niger
(Rafinesque)
41, Black bullhead ' Ictalurus melas
(Rafinesque)
42. Yellow bullhead - Ictalurus natalis
(Lesueur)
43. Brown bullhead Ictalurus nebulosus
: (Lesueur) '
44, Channel catfish Ictalurus punétatus
(Rafinesque)
45, Sbotted bullhead Ictalurus serracanthus

(Yerger & Relyea)

46. White catfish ‘ Ictalurus catus
(Linnaeus)
47. Flathead catfish " Pylodiétis olivaris
. (Rafinesque)

48, Mosquitofish - Gambusia affinis
- (Bard & Girard)

49, Guppy Poecilia reticulata

. (Peters)

DRAFT
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Reference

(249)
(249)
(250)

(156)

(249).
(156)
(549)
(250)
(156)
(250)
(250)
(250)

(156)
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TABLE III-4 (Cont.)

NATIVE FISHES CULTURED IN THE UNITED STATES

Common Name

50.

51.

52.

53.

54.

55.

56.

57.

" 58.

60.

61.

62.

White bass
Striped bass
Green sunfish
Warmouth
Bluegill

Redear sunfish. 
Smallmouth bass
Spotted bass
Largemouth bass'
Whitg crappie
Black crappie
Brook stickleback

Yellow perch

DRAFT

Sqieqtific<Name

WARM-UATER FISH (Cont.)

Morone chrysops

(Rafinesque)

Morone saxatilis

(Walbaum)

Lepomis ;zanellus

(Rafinesque)

Lepomis gulosus

(Cuvier)

Lepomis macrochirus

(Rafinesque)

Lepomis micrq}ophus

(Giinther)

Mlcropterus dolomleui
(Lacépade) '

Micropterus punctulatu§
(Rafinesque) ”

- Micropterus salmoides

(Lacépede)

~ Pomoxis annularls

(Rafinesque)

Pomoxis nigromaculatus
(Lesueur)

Culaea inconstans
(Kirtland)

Perca flavgscens
(Mitchill)

Reference

(2§0)
(250)
(250)
(250)
(250)
(250)
(250)
(250)
(250)
(250)
(250)
(250)

(250)
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TABLE III-4 (Cont.)

NATIVE FISHES CULTURED IN THE UNITED STATES

Common Name Scientific Name Reference

WARM-WATER FISH (Cont.)

63. Sauger Stizostedion canadense (250)
‘ (Smith)

64. Walleye : Stizostedion vitreum vitreum (250)
(Mitchill)

65. Blue pike ' ' Stizostedion vitreum glaucum (250)

. (Hubbs) .

66. Freshwater drum _ Aplodinotus grunniens (250)

(Rafinesque)

a/ Recently described native species, not listed in American Fisheries
Society list of common and scientific names of fish (15).

DRAFT



34

Raw Materials

A basic raw material required by all fish-production facilities
is water. The source of water used in fish fafms or hatcheries may
be from streams, ponds, springs, wells or impoundments thaﬁvéfore sur-
face runoff. Regardless of which source-ié used, the supply must be
available in sufficient quantity to maintain a minimum design flow
and to periodically or continuously flush out organic wastes.

Because water is the medium in which the fish are c¢ultured, the
successful operation of a fish farm or hatchery is dependent upon the
quality as well as the quantity. Preferably, the water should be
moderately hard, have a pH of 7 to 8, and be suitable in temperature
to promote rapid fish growth. It should be clear, with a high oxygen
content and free from noxious gasses, chemicalé, pesticides or other
materials that may be toxic to fish (39,59,141).

Except for tehperature, water quality requirements for the propa-
gation of warm—water fish are much the same as for tfout and sdlmonis
For a discussion of optimum teﬁperatures fbr-gold- and warm-water cul-

tures, the reader is directed to such publications as Inland Fisherieés

Management (41), Culture and Diseases of Game Fishes (59) anid Textbook

of Fish Culture (115).

Another raw material required for some fish-culturing activities
is prepared feed. Operations engaged in intensive culturing héld and
rear fish at densities that require routine feeding with pfepared food.
Other operations rear figh at densities more similar to those enjoyed
by wild fish. These non-intensive culturing operations typic¢ally rely

on natural foods existing in earthen ponds (59).
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' Feeding prepared foods was once comsidered a simple task and was
usually assigned to.the least-experienced fish culturist. The chore
consisted of merely,féeding*all that the fish would consume, and then
a little more to assuré\aﬁ abundant supply (186). Economics, pollution
‘and o;hgr factors have caused revolutionafy changes in feeding.

In many fish hatcheries, diets haveAprogressed from all-meat mix- .
tures, to bound mixtures of meats and dry meals, to pelletized diets
fed with periodic meat allowances, and recently to exclusive feeding
of moist or dry pelleﬁized feed (27,46;11&,138,143,146,158,178,186,
187,;88,215,216,259). Currently, the 579 state and federal figh'hatch-
eries operét;ng in the United States use an average of 44 percent pre-
pared pellets or QFher dry feeds; the remaining 56 percent is primarily
fish or meat offal (109). No statistics are available on feeding .
practices for the private sector of the industry.

The quantity'of feed per fish is also an important variable in main-
taining'a hatchery or farm. The amount of feed required is a function
of the fish size, activity, and water‘temperatﬁre (185,186). 1In
salmonid.hatcheries,‘itAis generally less than 5 percént of the bddy
weight per day for any 1ndividﬁal fish -and averages betwgen 1.0 and
2.5 pefCept in a typical hatchery (139). 1In catfish hatchefies and
other warm-water facilities that require feeding, it is usually
5 percent of the body weight per day for any individual fish under
two months old and 3 percent for older fish (45).

In fish-hulturingAfacilities that use commercially prepared

feed, young fish are fed dry mash which floats, while older fish and
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adults in ponds or raceways are fed pelleted food (186). Feeding may
be manual or mechaﬁical (99) and varies in frequency from daily for
salmonid broodfish to twice daily for catfish (45) to hourly feedings
for fry (40,81,103,186), |

A third raw material required for someffish—cultﬁring operéfions
is fertilizer. As previously stated, some warm-water hatcheries and
farms rely upon natural foods existing in earthen ponds. These fish
foods are often produced by artificial fertilization of ponde. The
fertilizer is dissolved in the pond water and the nutrients froﬁ the
fertilizer stimulate a growth of algae. These tiny plaﬁts mdy be
eaten by protozoans, which, along with the algae, are eaten by water
fleas and other invertebrates. The invertebrates are eaten by the
young of game fishes or by forage fishes which, in turn, become the
prey of largef fish (59). Thus, the nutrient-rich material introduced
into the pond duriﬁg artificial fertilization is subsequently conver-
ted into kilograms of fish,

In addition to stimulating the growth of fish-food organisms
and thus increasing fish production, pond fertilization has twé other
desirable effects. First, it makes possible a standard maximum rate
of stocking fish. Second, it stimulates the growth of ﬁhytoplankton,
reducing light penetration, thus preventing the growth of submerged
water weeds. Davis (59) and Huet (115) have published detailed de-
scriptions on the techniques and results of proper fish*pohd fer-
tilization.

A fourth raw material used by most fish cultufing operations is

treatment chemicals., These chemicals are used specifically for water
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treatment or for disease control.  The list of chemicals used in fish
culturing operations and the typical dosage used in fish ﬁropagation

activities are sﬁown in Table III-5.

" Production Process

Typical fish~hatchery operations are done in 8 to 9 basic steps,
consistent with the species, size and growth of_the figh. In some
hatcheries broodfish are harvested from the brood ponds aﬁd stripped
of eggs and milt,” The eggs and milt are mixed in pans to induce egg
fertilizétion. Then the eggs are incubated in a nurserf basin in the
cdﬁtrolled environment of an enclosed hatchery building. From the
nursery basin, fry are placed in rearing troughs. Fingerlings are
. transferréd to raceways, or in some cases, into flow-thru ponds for;
fingerling rearing. Young fish are then moved to the main rearing

units énd raised to ﬁarketable or releasabie size (59).

In dtﬁer fish hatcheries or fish farms, culturing techniques are
often quite differeht becauée the basic unit is a pond rather than a
flow-thru-unit (29,42,64,95,160,162,180,183,193,214,222,239,255).
-Inaféad éf harvesting broodfish and stripping eggs and milt by hand,
the-fish are usually allowed to spawn natufally. In some operations
the yoﬁng are :éared in.ponds under much the same. conditions as those
enjoyed by wild fish (59,160). Still other fish-culturing facilities
limit their activities to the pond rea;ing of young fish to maturity
for releaée or sale. Hatcﬂery and farm methods or designs may vary,
but the basic facilities and rearing methods have been universally

adopted [Figure III-2].
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TABLE III-5S

CHEMICALS USED FOR CONTROL OF
INFECTIOUS DISEASES OF FISHES AND FOR,OTHER
FISH PRODUCTION RELATED REASONSZ

Acetic acid, glacial

Acriflavine
(Trypaflavine)

Betadine ®
(Iodophore containing 1.0% of
iodine in organic solvent)

BromexqD
(Dibrom, Naled; a pesticide)

Calcium cyanamide’

Calcium oxide
(quicklime)

Carbarsone oxide

Chloramphenicol GD
(Chloromycetin)

Chlortetracycl
{(Aureomycin)

Copper sulphate
(Blue stone)
Cu SO,, anhydrous

Cu 504 . 5H20, crystalline

DRAFT

Diluted in water.

1:500 for 30-60 seconds (dip)
1:2000 (500 ppm) as bath for
30 minutes

5-10 ppm added to water every few
hours to several days’

100 to 200 ppm in water omn basis
of iodine content by weight for
15 minutes for fish egg disinfection.

0.12 ppm added to (pond) water for
indefinite time,

Distribﬁted én the ﬁo;tom and banks
of drained-butzwet ponds at a rate
of 200 g per m,

Distributed on the bottom and banks
of drained-butzwet ponds at a rate
of 200 8 per m .

Mixed with food at a rate of 0.2%,
Feeding for 3 days.

1. Orally with food 50-75 mg/kg
body weight/day for 5-10 days.

2. Single intraperitoneal injection

' of soluble form 10-30 mg/kg.

3. Added to water 10-50 ppm for
indefinite time as needed.

10-20 ppm in water

For 1 minute dip: 1:2000 (500 ppm)
in hard water. Add 1 ml glacial
acetic acid per liter. :
0.25 to 2 ppm to ponds. Quantity
depends on. hardness of water.
Hard water requires more.
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TABLE III-S (Cont.)

CHEMICALS USED FOR CONTROL OF
INFECTIOUS DISEASES OF FISHES AND FOR OTHER
FISH PRODUCTION RELATED REASONSZ

Cyzine ®
(Enheptin-A)

DiquatGa
(Patented herbicide, Ortho Co.
contains 35.3% of active
compound)

D'yloxqg
(Dipterex, Neguron, Chlorophos,
Trichlorofon .Foschlor)

Formalin
(37% by weight of formaldehyde
in water. Usually contains
also 12-15% methanol)

Formalin with Malachite green

Furazolidone -
(Furoxone N.F. 180
N.F. 180 Hess & Clark)
Commerical products contain
Furazolidone mixed with inert
‘materials.

Other Nitrofurans (Japanese)

Furanace
(P-7138)
Made in Japan

Hyamine 162269
(Rohm & Haas Co.,
Quarternary ammonium
germicide available as
crystals or as 50% solution)

DRAFT

Zd_ppm in feed for 3 days

1-2 ppm of Piquat cation, or
8.4 ppm as purchased added to
water.' Treatment for 30-60

- minutes. Activity much reduced

in turbid water.

0.25 ppm to water in aquaria and

0.25 to 1.0 ppm in ponds for
indefinite period.

1:500 for 15 minute dip
1:4000-1:6000 for one hour
15-20 ppm to pond or aquarium
water for indefinite period.

" Formalin, 25 ppm
~ Malachite green, 0.05 ppm. For

6 hours in aquaria; may be
repeated as needed. For inde-
finite period in ponds.

On the basis of pure drug
activity; 25-30 mg/kg body
weight/day up to 20 days
orally with food.

Added to water with fish to be
treated at 1 ppm for several
hours. Toxicity to different
fishes varies from 0.5 to 4.0 ppm
(Experimental drug).

1.0-2.0 ppm in water for one hour.
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TABLE III-5 (Cont.)

CHEMICALS USED FOR CONTROL OF
INFECTIOUS DISEASES OF FISHES AND F0§/0THER
FISH PRODUCTION RELATED REASONS=

Hyamine 3500 ®
(As above)

Iodophores

Kamala

Malachite green

Methiolate

Methylene blue

Neguvon ®
(See Dylox)

Oxytetracy clinm
(Terramycin)

Potassium permanganate

K Mn 04

Quinine hydrochloride
or Quinine sulfate

Roccal ®
{Benzalkonium chloride,
Quarternary ammonia germicide -
see also Hyamine 3500. Sold as
10-50% solution)

DRAFT

As above

(See under Betadine and Wescodiné)

Mixed with diet at a rate of ZA.
Feeding to starved fish for 3 days.

1:15,000 in water as a dip for
10-30 seconds. .1-5 ppm in Water
for 1 hour (most often used as

5 ppm). 0.1 ppm in ponds or
aquaria for indefinite time.

10-20 ppm to suppress bactérial
growth.

1.0-3.0 ppm in watér for 3=5 days.

50-75 mg/kg body weight/day for
10 days with food. (Law requxres
that it must be discontinued for
21 days before fifsh are kiited
for human consumption)

1:1000 (1000 ppt) fof‘a‘ieiﬁo
seconds dip. ppu

30 minutes. 3=5 ppm added to
aquarium or pond Watér for
indefinite time.

10-15 ppm in water for fndeffnite
time.

1-2 ppm in water for 1 hour. Toxic
in very soft water; less effective
in hard water.
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TABLE III-5 (Cont.)

CHEMICALS USED FOR CONTROL OF
INFECTIOUS DISEASES OF FISHES AND FOR/OTHER

FISH PRODUCTION RELATED REASONS

Sodium chloride
(table salt, iodized or not)

Sulfamerazine

Sulfamethazine

Sulfisoxazole ®
(Gantrisin)

Terramycin ® ‘
(See Oxytetracycline)

Tin oxide, di-n-butyl
Wescodyne ®

Iodophore containing 1.6% of
iodine in organic solvent

a

1-3% in water from 30 minutes
to 2 hours only for freshwater
fishes.

200 mg/kg body weight/day with
food for 14 days. (Law requires
that treatment must be stopped
for 21 days before fishes are
killed for human consumption.)

100-200 mg/kg body weight/day
depending on the type of food
with which it is mixed. For
prophylaxis reduce the quantity
to 2 g per kg/day. Length of
treatment as recommended.

200 mg/kg body weight/day with
food. '

25 mg/kg body weight/day with
food for 3 days.

100-200 ppm in water on basis of
iodine content by weight for 15
minutes for fish egg disinfection.

a/ This list of chemicals is from Reference 212.
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NON-NATIVE FISH - GENERAL DESCRIPTION OF THE INDUSTRY

Industry Growth

The non-native fish industry in the United States began in Florida
, i¥,1929 and‘has‘experieﬁcedu;remendous growth since Worid War II (56).
The annqal growth of the number of family-owned ornamental fish, for:
example, in thevyegts 1969 to 1972 has varied between 15 and 23 pércent (25).
| It has been estimated that between the years 1968 and 1974, the
total population qf_family-owned ret fish will increase from-130 million
to 340 million (206), ornamental fish salés.will rise from 150 million
dollars to 300 million dollars,(206),-combined sales of ornamental fish
and accessories will increase from 350 million dollars to 750 million
rdél;ars (206), and total live fish imported may rise from 64.3 mil-
liﬁn fishwﬁo more than 137 million fish (196).
It has §een estimated that more than 1,000 species of ornamental

. fish are importgdxiﬁ;o the Ugiféd States each year (133, 195). For
the single month of Octbbef 1971, it was reported that 582 species,
) reprggentipg 109‘families, were imported (197);' Of these, 365 were
freshwater species and 217 were marine species. Fifteen species were
imported ip guap;ities exceeding 100,000 1ndividuals; Because thé list
of orpameptal fishes imported and.cultured is constantly changing, it
is not included in this report. The product of ornamental non-native
fish culturing facilities is usually pet fish, although a few species
used for scientific exper;mentatiﬁn are produced (56).

The growth potenfial of the non-native fish industry involved with

food, sport, and biological control species is more difficult to predict.
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There are reasons for thinking thé.industfy will ngW'andabther, perhaps
more compelling reasons for thinking it will decline. Reasons fdt.
believing the industry will grow include the fact that several largeé
companies are iﬁtereéted‘intcﬁlturing and éEIlihg g%aGS'é#fﬁ to ¢ontrol
the growth of nuisance aquatic plants and d.similar interest in silver
carp is expected to follow4(54).' Furthatﬁoré,ia'iecénf book oh.
aquaculture (17)‘ﬁay stimulate United St#teé"fish"éultufisté to attempt4
rearing many species of exotic fishes as food fiéhes (52).

Conversely, reasons exist for believing tﬁe iﬂdQSt;y will decline.
For example, interest in Tilﬁgia farﬁing in Florida is grdwing‘slowiy;
perhaps in part due to State restrictions on culture and possession
of all speciles of this genus (54); For similar réasons,'Tiiégié fhfﬁing
interest is not growing in Louisiana (9). If problems of over-productiof
of stunted populations, lack of consumer demand'aS‘food,'add'déleteriad§
competition with vaiuable nativé sport fiéh become widely Eﬁdwﬁ; iﬁteresf
in Tilégia farming will pfobably decline. | )

The American Fisheries Soci;ty has officiéllj adopted a-pdsifibn
opposed to the introductidg'of all non-native fish speciés?pfiér:to »
careful experimental research and approval by an international,
national, or regional agency having jurisdiction'over‘all ﬁhe'ﬁater '
bodies which might be affected (4).

In a similar vein, the Sport Fishing Instituteé offictally adoptéd
a resolution urging the U: S. Department of the Intétiér to prohibit‘
the importation inﬁo the United States, except for qell—contfolléd

scientific study purposes, of all exotic fishes‘bther than those that
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can be proven to lack harmful ecological effects upon the natural
aquatic environments of the United States and the native flora and
-fauna foun‘d therein (231).-

Both these organizétioﬁs have a substantial amount of influence
on- fisheries biologists nationwide and havé-helped alert state officials
to the dangers of introducing harmful spgcies, particularly those
related to the carp. ‘Due to the.growing awareness of problems assoc-
iated'w1th‘non-native species and the growing number of state and
federal laws. prohibiting various spécies, enthusiasm for culturing non-

native species of sport, food, and biological control fishes may decline.

Types of facilities

| There are essentialli three types of ornamental fish production.
f;ciiitiés; importgrs; ornamental fish farmers, and fa;ilities
which both import and cultivéte‘ornamental fish.

Faqilities which are strictly importers typically unpack the fish,
acclimate them for 3 to 21 days, and sometimes'fréat them with dilﬁte
formalin or other chemicals before reshipping tﬁem (191).

..“Ornamental fish farmers ordinarily do not import fish from outside
thehcounFrY‘but‘rely priﬁarily on stocks already established in Florida
‘and are usually relatively small operators. A recent report (25) divides
small ornamental-fish farms ‘into two groups:

Group I includes’ ornamental fish farmers that have 25 to 40 acres of

--iand,.8 to 12 employees, and produce about 60 species of fish. Some
féfmers in. this group do import fish (219), but the percentage imported

1s. relatively small (25). -
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Group II.includes ornamentaleish-farmers'tbat.havef&ess“tﬁan '
25 acres, employ 1 .to.3 people;-and produce.20 :to 25 species of "fish.
It is estimated that there are about 120 3mallifarmérs;ih'ﬁh296 g;bups
in Florida (25).

- The same report s;atesxthat~large ornamgntai'fLShufarmersagyﬁie
cally import fish to increase the volume and .varlety of thcirwpfoaucﬁ.
The lcrgest farms typically imporﬁ;from-éi:to;§0 percent. of -their . .
product and purchase considerable quantities -of f£ish from the smaller
farmers. For example, there are,27<pperatigns in the:-Tampa area-alone
that dc,not ship fish;themselvés,'but'sell;alliof their product to
other fish farmers (10).

The types of facilities producing non—native carp~related species
(grass carp, silver carp, bighead carp, and black carp) and Tilagla are

similar in general characteristics to those of pond- cultured native fish

Location of Facilities

Brecding and culturing of ornamental fish on a commercial ‘basis:
is worldwide, but the largest single breeding-center is Florida (10).
It was estimated that 90 percent.of‘:he_productibnaof-gtnamengal‘fish
in the United States in 1970 was in Florida (25), the:location of "about
150 faciiitiesA(217)!=;In 1972,:150. million ornamental fish (53 million
imported, 97 million bred in the state):, Weigﬁingflo;ZOO metric tons "
(11.25 million pounds);'were~shipped‘from=F10rida:(25);L'

Indoor production of nonrnacive;ornamental‘fish'by:sméllsfécilities
and even advanced hobbyists occurs throughout the-counthAbctﬂmostﬁgf-

the outdoor production is in Florida. There 1is at least one.ornamental

xS
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fi§h farmer utilizing oﬁtdoor production ponds in Louisiana (63), and
there are some small outdoor operations in Texas which utilize warm—
water'éérings océurriﬁg along a liméstone fault line which extends
from Austin through San Antonio, Texas (7). Some former outdoor
production facilities in Baton ﬁouge, Louisiana (179), and various
’ pgrts of Califo;nia (123,191),have reportedly ceased prpduction.-

7 ?:oduction,of non-native sport fishes has not been widespread,
glthough the common:carp.ﬁas originally brought to this country in 1877
_based partially on claims that it would be'a good sport fish (136).
Just as these claims later proved to.be fa;se, early claims that Tilapia
would be a good sport fish in Florida (55) and Puerto Rico (77) proved
to beiegaggerated,

1Ihe farming‘of_variéus species of Tilapia as food fish is wide-~
spread around the wér;d‘(loo). There is evidence that Tilapia was
cultured in Egypt as early as'ZSOO B.C. (148), and some species are
still cdnsideged:tq be promising_food fish for_pnderdéveloped nations

(IOQ)...Tiiagia_arg bging cultured in the Uniteﬂ States in Texas (49,

;99),'Cg}ifornia_(149,229), Louisiana (100), North Carolina (53),

Nebraska,(%OG), and Alabgmg (100) ; but production is often experimental |

or on a small scale. In spite of state restrictions, fear of intro-

ductions, disenchantment with sportfish qualities, and over population
of stunted fish, dealérs in Arizona, Mississippi, and Texas contiﬁue

to be listed as suppliers of Tilapia (79).

The production of non-native relatives of the common carp cur-

rently appears to be centered in Arkansas and Missouri, with interest
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in polyculture of native channel catfish with non?ﬁafive cyprinids (the

grass carp, Ctengphé:yngodpn'idéilai Siiver:cafﬁ, ﬁggpphgyalmichthﬁé

molitrix; bighead carp, Aristicﬁfbyé nobilis; and black cafp-

Mylopharyngodon piceus) increasing only in Arkansas (229), Grass earp,

and more recently, silver carp, are for aaie by gultﬁpists in'gfkéﬁség,
Minnesota, and Virginia (54). Arkansas has éfogked thé gfasé carp widely
in the state, iﬁcluding in several large iakesi(lé), They are for sa1e
from dealers in Missouri and Ohio (79), andzéxpérimentﬁfwith this specles
continue in Louisiana (9), Arkansas”(153), énd.Floridé {53);.e§én':hbqgh
40 states have now banned them (53).

Silver carp, although not good as food, are being cultured in
Arkansas in experiments to determine if they are good "biolpgicaiA
filters" for use in sewage treatment (153). A pIivéfglfish farmer
in Arkansas recentl} imported lO0,00D siiver carp {147), |

The bighead carp is cultured in the Sacramento, California éteé'
and sola live in Chinatown, San Francisco, as food fiéh {ié?); and.i
at least one private fish farm in Arkansas has'haé a_stbgk of dighead
carp under culture for three years (153). \An§thei Asian carp, the black
carp, has been cultured by at least two.priuate-fish‘fanmexé iﬁ

Arkansas (153,229).

Raw Materials

The basic raw materials used to prodpca;gqﬂ-native.ornamgntal fish
are high quality water siﬁilar to that described for native fish culture
except that high water temperatures (ideally 22 to 24°C or 72 to .76°F)
are required, fish food, pond fertilizer, and wvarious water treatment

chemicals (10).
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.Ornamentgl fish food used includes mash, frozen food, live food and
dry foqd (222). Dry_fqod:ig composed of fish meal, shrimp meal, crab
meal, blood meal, salmon-egg meal, pablum, clam meal, beef meal, Daphnia,
and fish roe (10). Somé fish food used in outdoor ponds consists of
about one part fish meal mixed with two pafts oatmeal in addition to

- meat scrap and“céttonASeed‘oii (222). Spme pet fish farms utilize com—
mercial pelletized food similar to that used in food fish culture, and
others use bﬁik fisﬁ flakeé from Cermany (137). Many large ornamental
fish fafms make a wet mash for indoor feeding, using various mixtures
of lean ground_beéf heart, a-more expensive fish meal, cooked spinach,
and cooked liver (222). Other ingredients used in some wet mashes
"include oatmeal, shrimp, and égg yolk; Cooked foods utilized include
chickeh, turkey, fish,.béef livef, muscle meats, fish roe, minced c}am,

'boilea shrimp, lobster, 5nd crab (10). Live organisms used as pet fish

" food include brine shfimp, Daéhnia, water boatman, midge larvae, glass
wormé; Gammarus, miérbwéfmé;‘féi;y shfiﬁp, Snails, meal worms, infusoria,
andAearthﬁéfﬁé (iéi.% Ornémental fishes cultureﬁ in Hong Kong and other
parts of the orient are fed tubificids and other worms grown in human

‘séwage (93).

Asyiﬁ some bthér Eyﬁeé‘df‘warmvwater fish culture, fertilizer is
soﬁeiiﬁeéséddéd"ta 6fﬁémeﬁta1 fish bbnds to encourage the natural pro-
duééiéﬁﬁaf;plénﬁfonié fish food. Sheep manure (a possible source of
fecél ﬁacteria).andvééttonséed ﬁea1 are listed as common fertilizers
(212). Chemicals used as raw materials for water treatment and disease

control in fish culture were previously listed in Table III-5. Raw
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materials used in the production of non-native food, spoff, and
biological control fish are similar to those iisted for native

species.

Production Process

There are two basic types of ornamental fish pgodugtion-proceSSes,
that used for outdoor breeders, primarily live-bearers, and tﬁét used
for indoor breeders, primarily egg-layers (192, 221). Different
species of fish require slightly differenc:gultu?ihg techniques, but
the basic non-native fish production procesé'Tollows tﬁe flow diagram
outlined in Figure ITII-3.

Outdoor breeding 1s possible with most livé—beaferé and with some
egg laying species. In the majbr production dreas in Central Florida,
dirt ponds are prepared for a new crop by ??ing:pumpéd d¥y and'treated
with hydrated lime. The ponds refill in é.féw days through infilaA
tration (221). Ponds are then fertilized with substances such as
cottonseed meal and sheep manure and allowed Edjremain dormant, except
for the addition of live Daphmnia, for about»three w&eks (;0);. The
pond is then full of planktonic fish fOOd’;ﬂd ready to be stocked with
fish. One strain of fish is introduced and 5 to i?imonths later the
fish are ready to be harvested (10, 221).. In some cases, théFgﬁtgin
remains productive and repeated sfawniﬁg allows the ?OQ@ to stay in
production without drainage for up to 5 years (221).

While the fish are iﬂ ponds, weed control is accomplisheéd with
chemicals (10). In the past, dangerous chemicals such as arsenic

compounds have been used (10); wide-spread recognition of the dangers
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Figure TII-3. Non-Native Fish Culturing Process Diagram



52

of such chemicals has hopefully eliminated their use. ‘Some fish are
brought inside during the cold periods, while relatively warm well
water is sometimes rOuted'thfough outdoor édhds to help regulate ‘the
temperature. The fish ére harvested by trapping and brought ihéide
for preshipment holding. During this time.they are sometifmes -
medicated with dilute chlorine or various commercial-éﬁéﬁiéais?(IQZD
prior to packing and shipment.

Indoor breeding‘is done in tanks where after sphﬁhiﬂgiéhe adults
of many species are -separated from fhé‘éggé‘(IO). The fr&iﬁay:théé_ '
be cultured in vats or outside in ponds.‘“ﬂany of the egg-layers are
sold prior to November to avoid problems of tow tempgtafﬁfés}'ﬁhiié
others are more tolerant and éan be retained 6utSidé’hﬁiil‘éﬁfiﬁg-(ééi)@

The process used in the Cultﬁfing'of'ﬁqp—ﬁativé food, §§6%§; and
biological control fish are generally Simiiéé'ﬁé those 1i$?é? fﬁf.thé
pond culture of native fish. However, gtas; and silvet ‘carp are
produced in the United States by_artificialispawning ﬁefhﬁds; ﬁhé%éés

Tilapia production is from natural spéwning‘in ponds (555;
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. SECTION 1IV..

INDUSTRY CATEGORIZATION

Ih developing effluent limitations guidélinés and standards of
performanée for a particular industry, a‘judgément must be made byA
- the Environmental Protection Agency as to whether effluent 1iﬁita-
tions and standards are appfopriate for different segments or sub-

categories witﬁin thé iﬁduétry.
To détermine whether subcategorization_was necessary, thé fol-

lowing factors or variables were considered.

1. Product 5. Facility Size and Age
2. Wastes Generated 6. Geographic Location
3. Treéﬁability of Wastewater 7. Raw materials

4. _?:oductioh Process

FACTORS OR VARIABLES CONSIDERED

Product |

The products of the fish4cﬁlturiﬁg'indu5try are native and non-
native fish. Native fish are cultured in fish farms or.hafcheries
throughoﬁf the United States to be subsequently‘markefed (sold for
consumption or bait) or released (fish stocking). Non-native fish
are imported into the United States to be used principally by the
aquarium industry. | |

The principéi proﬁuct,of native fish-culturing activities {n the
United States is mature fish. State and Federal hatcheries rear fish

for releaée_to public waterways. Most privately-owned hatcheries or
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farms rear fish for commercial distribution, primarily for consumption.
Although mature fish themselves are the major hatchery product, fish
eggs or fingerlings may also be sold to othgrs for rearing. Other oper-
ations include rearing bfoodfish fof breeding and garketing_and“selling
fish eggs for coﬁsumption or bait.‘

The producf of non-native fish culturing is also mature fish.
Instead of being released to public ﬁate?ways or sold for consumption or
bait, non-native species are principally 1mpo:ted by the aqgaﬁiqm
industry for sale as ornamental fish.

Therefore, the fish-culturiné industry can be subcatego;iZed into

native and non-native fish on the basis of fish-type and ultimate use.

Vastes Generated

by fish hatcheries or farms is organic material. Through the process
of decomposition, these wastes reduce dissolved bxygeh_ievelg and‘igf
crease biochemical oxygen demand, chemical oxygen demand, nitrogen and
phosphorus levels. Particles of waste_not &issolved'wiéhin the hat-
cheries increase the levels of suspegdeq and settleable so6lids in thg
effluent while the portion entering solution will elevate the total
dissolved solids level (109).

Wastes generated from fish hatcheries ér féfﬁs are often inter-
mittent and directly related to hOGSekeEping. Reafiﬁg~ponds and .race-
ways are cleaned typically;at intervals varying froﬁ‘daily to monthly‘
or longer. When the facilities are being‘cleénea, the effluent can

contain fecal wastes, unconsumed food, weeds, algae’, silt; detritus,
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chemicals and drugs and can.prOAuce a major.pollutiqn problem (28,139).
Conversely, these same hatcheries or farms may discharge low amounts
of wastes during normal operations. |

While these operétional differences require that special atten-
tion should be given‘to evaluating the increase in wastes generated
during cleaning operations, it does not appe;r thaﬁ sufficient varia-
bility exists t0‘subcateg6rize the industry'on‘the basis of the type
of wastes generated.‘

Non-Native Fish Culturing -- The wastes generated by non-native

fish culturing are similar to those generated By native'fish cultufing.
All non-native fish have the potential for introducing harmful biolog-
ical pollutants into native ecosystems (55,133,233) so further subcatego-

rization based upon specific biological pollutants is not necessary.

‘Treatability of Wastewater

Native Fish Culturing -- Conventional waste treatment methods are

capable of reducing the levels of pollutants in'fish-férm and hatch-

ery wastewaters. Plant scale sedimentation systéms have been operated

at several hatcheries and have proven effective in removing that portion
of the pollutant load assoclated with the settleable solids (113,235).
.Treatabilityvstudies have been -conducted to determine the pollutant
removal efficiency of sedimentation (113,140,251,258), aeration and
gsettling (130,131), stabilization ponds (140), and reconditioning-recycle
systems employing several methods of secondary waste treatment (159).
Findings.indicate that technology is available to accomplish a wide

range of effic;encies in rémoving BOD and suspended solids from fish-

culture wastewaters.
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Although slug organic loadings do occur iﬁ facilities whérefin;f"
termittent cleaning is practiced, study results show that treatment
efficiency is not impaired and in some cases increases during clean~
ing (113,130,131,235). Shock hydraulic loadings occur at some.- -

hatcheries during cleaning and should be carefully considered in

‘the design of treatment facilities. In view of the fact that fish-

farm and hatchery effluents are amenable to treatment; it does not
appear that further division of the native fish-culturing industry
is warranted on the basis of treatability of wastewater.

Non-Native Fish Culturing -- The rationale‘given above for native

fish culturing is applicable to non-native f{sh_culturing. The-addi-
tional treatment teéchnologies used in non-native fiéh culture, including
dry wells, holding reservoirs, ultraviolet disinfection, and- chlori-
nation, are alternatiyes applicable to effluents for any pon-native.
fish production faciiity and thus further subcategorizaiion iéjndt

Justified.

Production Process

Native Fish Culturing - Basically, fish hatcheries and farms
are designed to control the spawning, hatching and/or rearing of con-
fined fish. However, fundamental differences exist in the methods
employed in the artificial propagation of cold- and warm-water fishes.
Typically cold-water fish are cultured in raceways through- which large
volumes of water flow, while warm-water fish are pond cultured.
Because the production process and resulting waste loads discharged
from flow-thru and pond fish-rearing facilities may be substantially

different, the need for subcategorization is indicated.
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Non—Natiﬁe‘Fish Culturing -- Raceway or other continuous flow
facilities are not necessary for non-native fish species being cultured
at present. Production is typically in static outdoor ponds or indoor
tanks [Figure III-3], giving'no reason to subcategorize based on slight

differences in production processes.

Facility Size and Age

Native Fish Culturing -- The size of fish-culturing operations

in the United States“varies,from facilities capable of producing a
few kilograms of fish per year to faéilitigé'that produce several
hundred thousand kilograms. Both small and large fish-culturing
operations may, .at certain ti@esjand undgn,spegific conditions, dis-
charge -poor qualitf water into receiving streams, thus the pollution
'potentialiof_;he_industry.is not strig;ly‘size dependent (232).

..During.;he,past éS;yga§§ many of the smaller and less efficient
fish-cql:uring qu;atiéns:h§ve been repiggeg,by_latger, modern faci--
lities (244). This general pradtiqe of modernizing reﬁ;ing units,
coupled w%th similarities of waste characteristics from fish-culturing
facilities.of,vqrying:sizeslwiqdicgtes'tha; subcategorization of the
native:fishfgqlturiqgvindustryﬂoqfthe basis of facility size or age
would not'bg_megningful.v

Non-Native Fish Culturing -~ The rationale above is also true for

‘non-native fish production. Tﬁe basic non-native ornamental fish
production unit is a tank or a reiatively small outdoor pond for large
as well as smﬁll facilities. Production facilities for non-native
sport; food;'and Bidlogicai cdntrol speéieé aré ﬁéualiy sﬁall, primarily

due to regulations and fear of introducing harmful biological pollutants.
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There are no substantial differences in facilities based on'age
because non-native fish.culturing is a few industry that had its begin-

ning in 1929 (56).

Geographic. Location

Native Fish Culturing =- Cold-water fiéh hatcheries are concen-

trated in, but not limited to, the notthwest reéion of the United
States. Warm-water fish culturing facilitiés‘aré primarily located
in the central-southern and scutheastern section of the country.

The specific location &f these fish farmé and hatcheries is
determined by such factors as availability of water, climatic con-
ditions, terrdin, and soil types. 'Geographiééi location of a fish-
culturing operation may detefmiﬁe the aégree of suceess in reéaring
treatment equipment but it does not substantially altet the character
of the wasteiwatefr or its tréatability. ‘Tﬁéféﬁﬁfé,;éﬁﬁééfegoriZation
according to location 1§ hot ihﬂiéétéaa

: Non—Nativg-FiSh'Cuituring =~ Thé ratlonale given above for native

fish production is also true for fon=native fish. Because indoor pro-
ducers typically do not discharge into navigable waters and because °
outdoor producers occur primarily in the South, there is no need for

further subcategorization on the basié of geographic location.

Raw Materials

Native Fish Culturing --— Raw materials used for fish propagation

operations inelude water, feed, fertilizer and treatment chemicals. The
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quantity of ;hesé materials used is generally depeﬁqent upon such factors
as wéter temperature, fish size, rearing process, species and facility-
carrying ﬁapécity (176) . |

Although variations in the arount and type of rav material used may
change the strength of the waste discharged‘from the culturing facility,
there are too many dependéﬁt variables to deveibp realistic subcategeries. -
Therefore, it d&es not appéar practical to suﬁcategorize the native

fish-culturing industry on the basis of raw materials used.

Non-Native Fish Cultﬁring:~- Raw materials listed above for'nativé
fish are uséd also in the cultiQation of non-native fish. In addition,
chemicals méntioned specifically for use in diseasé control in orna-
mental fish éuitdring iﬁclude mercﬁrochfome,'eﬁsom salts, and tetra-

c¢ycline hydrochléride (10).

Subcategorization

On' the basis of fgndamen;al differences in holding, culturing,
harveéting, cleaning‘and other féctors, and réﬁionale,discussed herein,
the‘United States fish—culturing industry was subcategorized for
the purpose of designing adequate‘treatment sysfems and for de;
veloping recommended efflugnt.standards and guidelines. These sub-
categofies are:

Native Fish -- Flow-thru Culturing Systems

Native Fish -- Pond Culturing Systems

Non-Native Fish Culturing Systems
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SECTION V.

WASTE CHARACTERISTICS

Wastewaters from fish culturing activities may contain metabolic
waste producté, residual food, algae, detrifus, pathogenic bacteria,
parasites, chemicals and drugs (28,109,139). Major consideration is
given to metabolic and uneaten food wastes beéause these organic pol-
lutants are characteristic of most fish culturing waske discharges while
the other substances named above aré often'discharged sporadically (23,
109,139). The rate and concentration of organic waste discharged from a
fish culturing facility are dependent upon sucﬁ factors as feeding, fish
‘size, loading densities and water supply (26,103,139,140,170,207).
Because of the numerous combinations of these variables, typical waste
characteristics Weﬁé computed from the results of several independent
studies. Values cited in this section were determined for sampling that
ranged from sihgle grab samples to 24-hour comppsite éamples consisting
of portions collec;ed at hourlv intervals. These values reflect the
Aaily waste production for the fish culturing industry.

Organic wastes usually.cause such water quality changes as reduction
in the dissolvea oxvegen concentraticn and increase in the level of oxygen
demanding materials, solids and nutrients (109,159). These and other
waste characteristics are discussed below for native and non-native fish

culturing activities.
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NATIVE FISH

Oxygen and Oxygen-Demanding Constituents

Aside from the presence of waste products, the most important single

factor affecting the number of fish that can be held in the restricted

. space of a pond, raceway or other culturing facility is the concentra~

tion of dissolved oxygen (DO) in the water (59). It is generally agreed
that for good growth and the general well-being of cold- and wérmewatef
fish, the DO concentration should not be less than 6 and 5 mg/l, respec-—
tively (245). Under extreme conditions, the DO may be. lower for short
periods provided the water quality is favorable in all other respects:
however, it should neQer be less than 4 mg/l at any time (245). To reach
or maintain these oxygen levels, some fish hatcheries and farms must rely
upon artificial aeration devices.

As water passes through a fish rearing unit, the DO may be

. reduced (105). The change in DO concentration is mainly due to

direct fish uptake and partly due to atmospheric losses and benthal
oxygen demand (105,139). :

Gigger and Speece (86) reported that small fish excrete more oxygen
demanding wéstes and directly use more oxygen per kilogram of fish than
large fish do. Liao (139) graphically expressed this relationship for
salmonid fishes by showing that as fish size increases from 16.5 to
21.6 cm (6.5 to 8.5 inches), the biochemical oxygen demand (BOD) produc-
tion and oxygen uptake per kilogram both decrease [Figure V-1].

In terms of a daily ;xygen reduction rate per kg of fish being cul-

tured, the decrease in water passing through a typical fish hatchery
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BOD Production and DO Uptake, kg/day/100 kg fish on hand

Figure

WATER TEMPERATURE 8° to 13°C (47° to 55°F)
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ranges from 0.2 to 1.7 kg with an average of 0.7 kg of oxygen used for
each 100 kg of fish (139).

Accﬁmulation and decomposition of waste feed, fish excreta or other
organic matter in a culﬁuring facility may reduce éhe amount of oxygen
available to the fish. Usually this loss of oxveen is expressed in terms

of concentrations or exertion rates of biochemical oxygen demand (BOD)

‘or chemical oxygen demand (COD). The oxygen demanding materials in cer-

tain types of warm- and cold-water fish culturing facilities were compared
iﬂ Table V-1. Findings'showed that flow-thru systems culturing either
warm— or cold-water fislies produce an average net increase in BOD of 3 to
4 mg/l durihg normal operations. The correspdnding net increase in COD
for these flow-thru culturing facilities averages 16 to 25 mg/l.

During cleaning operations there is a marked increase in the coh—
centration of oxygen demanding magerials discharged. Liao (139) reported
that the average BOD concentration increased from 5.4 to 33.6 mg/l during
cleaning activities ét salmonid fish hatcherigs, Other studies by Dydek
(69) have sﬁown similar results. Dydek réportéd that the average BOD
concentration increased from 6.4 to 28.6 mg/l during raceway cleaning
at the fdur fedgral fish hatcheries he evaluated. Results shown in Table
V-1 reflect this trend for cold-water fish cultures.

Although survey data are not available to specifically evaluate
cleaning wastes from warm-water fish culturing facilities, some reasonable
assumptions can be made. During normal operations, flow-thru ponds and
raceway systems used exclusively for reafing warm-water fish have BOD

and COD characteristics quite similar to those reported in wastewaters
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TABLE V-1

OXYGEN-DEMANDING CHARACTERISTICS OF EFFLUENTS

FROM FLOW-THRU FACILITIES CULTURING NATIVE FISHil
Normal Operation Cleaning Operation
Net Net
Effluent Change Effluent ‘ Change Waste Load -
(mg/1) (mg/1) (mg/1) (mg/1)  (kg/100 kg fish on hand/day)

COLD-WATER . FISH CULTURE

BOD : :

Average 5.0 4.0 27.3 21.2 1.3°

Range 0.2-12 1.0-6.2 7.3736 5/ 0.5-2.5

No. of Samples 639 636 9 9= , 157

Cop :

Average 30 - 25 97 48 6

Range 2-460 0-96 835}10 5/ 0.6-22

No. of Samples 107 97 9— 9~ 12
WARM-WATER FISH CULTURE

BOD g ,

Average 8.2 3.1 - — 1.4

Range 0.6-21 : 0.5~12 - : - 0.2-5.0

No. of Samples 300 150 — - 17

COD | 4

Average 34 , 16 - - 5

Range 2-120 4-24 - - 0.7-17.8

No. of Samples 12 5 - - _ 13

a/ Summarized from the data presented in Supplement B.
b/ Based upon selected data collected during cleaning activities at 9 fish hatcheries (References

"~ 69,75,76,139). '
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from cold-water fish culturineg facilities. Therefore, one might expecf
raceway or flow-thru pond cleaning in warm-water facilit;es to produce
about the same amount of oxygen demanding pollutants as reported for
cold-water operations. This assumption becomes. more accentable when
waste 1oads from flow-thru facilities culturing cold- and warm-water fish
are compareé. An extensive literature sgarch‘and available field data
indicate tha; flow-thru culturing facilities produce a daily average of
1.3 and 1.4 kg of BOD and 6 and 5 kg of COD per 100 kg of cold and warm-
water f;sh respectively [Table V-1],

Typically, warm-water fish are cultured in earthen ponds (68).
Cleaning is not routinely practiced for various reasons including prac-
ticality, manpower, time and need. If done at all, pond cleaning oper-
ations are usually accomplished in conjunction with fish harvesting.
Therefore, waste characteristics shown in Table V-2 reflect conditions
that exist when poﬁds are being drained to aid in fish harvestine.

Geﬂeraily, pond-reared fish are harvested'during‘the fall, fol-
lowing a spring and summer rearing period. In ﬁracfice, the water level
is drawn down to a suitable depth for wading. This activity is usually
referred to as pre-harvest draining. The fish are then harvested with
nets and ‘in many operations the pdnd is then drained completelv. The
latter activity is termed post-harvest draining.

From a literature search supplemented with field studies bv the
Environmenital Protection Agency (74), typical pond wastewaters from
facilities culturing native fish have been.characterized [Table V-2].

These studies show that wastewaters discharged during draining activities
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OXYGEN—DEMANDINC CHARACTERISTICS OF

EFFLUENTS FROM CULTURING PONDS BEING DRAINED

DURING FISH HARVESTING ACTIVITIES®

Effluent A Waste Load
(mg/1) (kg/100 kg fish on hand)
BOD B
Average 5.1 2,2
Range 0.8-21 0.2-5.9
No. of Samples 135 40
CoD
Average 31 6.2
Range 0-130 0.7-17.8
33 30

No, of Samples

a/ Summarized from the data presented in Supplement B.
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had average BOD and COD concentration of 5.1 and 31 me/l, respectively.
In terms of waste loads, the draining wastewaters had 2.2 ke of BOD

and 6.2 kg of COD for each 100 kg of fish being cultureéd.

Solids

Severél sources contribute to the increase in the concentration
of solids as water flows through a fish cultuying facility. The un-
naturally high density of fish confined in the facility leads to ranid
accumulation of metabolic by-products and the buildup of particulate
fecal matter (28). Speece (226) and Liao (139) cited this as a major
contributor to the accumulation of solids in some fish culturing faci-
lities. They showed that there is a correlation between the amount of
solids produced by hatcheries and the amount of food fed; for every
0.45 kg (1.0 pound)_of feed consumed, 0.14 kg (0.3 pound) of susnended
solids are excreté& by the fish. When feed is not completelv corisumed ,
it is not only wasteful and costly, but also contributes to the effluent
BOD and susﬁended solids concentrations (139). In addition, the cleaning
of algae, silt and detritus from ponds and racewéys produces periodic
discharges of additional solids.

Table V-3 shows that under normal operating conditions flow-thru
systems culturing warm- or cold-water fish produce similar quantities of
solids. The net increase in suspended solids in cold-water fish facili-
ties is 3.7 mg/l while in warm-water fish facilities the increase is
greater at 9.7 mg/l. Results also show that the settleable solids are
very low averaging 0.6 ml/1 and 0.2 ml/1 in effluents from cold- and

warm-water fish culturing facilities, respectively. Settleable solids
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are defined as the volume of solids that settle within one hour under
.quiesceﬁt conditions in an Imhoff Cone (234). Dissolved solids in
cold-water hatcheries showed a net change (effluent minus influent)
ranging from minus (-) 183 to 116 mg/l with an avergge value of
12 mg/1l. The minus value is assumed to reflect the decrease in dissolved
solids caused by biological uptake. Dissolved solids in warm-water
fish facilities showed a net average iﬂérease.of 22 mg/l, nearly twice‘
the iﬁcrease reported for cbld—water fish operations. In part, this
may be due fo the fact that accumulated waste solids are intermittently
flushed from cold-water fish rearing facilitiés‘during cleaning thle
in warm-water facilities waste solids are left to dipgest and solubilize.
buring cleaning operations in cold-water fish facilities, the
accumulation of waste, feed, fish feces, algae and other detritus is
removed from the cpltufing facility. Table V-3 shows that the average
suspended solids concentration increases more thaﬁ 16 times, from a net
change of 3.7 to 61.9 mg/l, during cleaning activities. The mnet ghange
in settleable solids increased mbre than four.éimes from 0.5 to 2.2 ml/1.
Baséd upon data reported by Liao (139), there is no net change in the dis-
solved solids concentration when comparing normal operation effluent
cﬁaractéristics with cleaning-water characteristics.

Effluent characteristics reported by Dydék (69) and Liao (139) demon-
strate‘thaf the previously discussed increases in solids and the data
shown in Table V-3 are typical.. Dydek repor;ed that average suspended
solids concentrations inc?eased from 22 to 74 mg/l during raceway cleaning

activities at three Federal fish hatcheries. Liao (139) reported suspended
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TABLE V-3

SOLIDS CHARACTERISTICS OF EFFLUENTS FROM a/
FLOW-THRU FACILITIES CULTURING NATIVE FISH—

Normal Operation Cleaning Operation

Net Net
Ef fluent Change Effluent Change Waste Load
(me/1) (mg/1) (mg/1) (mg/1l)  (kg/100 kg fish on hand/day)
COLD-WATER FISH CULTURE
Suspended Solids :
Average 9.5 . 3.7 73.5 61.9 2.6
Range 0-220 (-)13-40 0.1-122 3.6-120 (-)19.8-23.8
No. of Samples 398 : 354 133 130 105.
Dissolved Solids b/ b/ .
Average 326 12 78~ 0— 22
Range 5-520 (~)183-116 - - (=)11.4-164
No. of Samples 238 238 75. 75 88
Settleable SolidsS/
Average 0.6 0.5 2,2 2,2 -
Range <0.1-12 0-10. 0.5-3.5 0.5-3.5 --
No. of Samples 168 . 168 5 5 -
WARM-WATER FISH CULTURE
Suspended Solids. . )
Average 38.2 9.7 - - 3.1
Range 0.5-470 ~ 4-464 - - 0.19-3.5
No, of Samples 91 © 83 - - 9
Dissolved Solids )
Average 136 22 . - -— 13
Range - - - -— 0.37-49
No. of Samples 8 8 - : - 14
Settleable SoiidsE/
Average 0.2 <0.1 - - -
Range <0.1-0.7 0-0.7 —-— - -
No. of Samples 7 7 - - -

0L

a/ Summarized from the data presented in Supplement B.
b/ Data are from Reference 139.
¢/ Reported as ml/l
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solids ranged from 0 to 55 mg/l during normal operations and ranged
from 85 to 104 mg/1 during éleaning activities. This was an average
net increase of 89 mg/l of suspended soiids during cleaping. Liaé
addressed the pollﬁtioﬁ_po£ential of solids by pojntinglout that his
studies showed nearly 90 percent of the sﬁspended solids removed from
raceways during cleaning operations becqme settleable under optimum

", . . most of the [suspended] solids

conditions. He concluded that
contained in the cleaning water will immediétely deposit on the stream
bottom below the hatchery."

Although data are’not available to evaluate the solids character-
isties in cleaning wastes from warm-water fish cultures, it is expected
that they do not differ appreciably from cold-water operatioﬁ cleaning
wastes. The dally waste loads for_solids reporﬁed in the literature
and obtained during field studies tend to substantiate this similarity.
In terms of weight, Table V-3 shows that cold-water fish culturing units
discharge an average of 2.6 kg 6f suspended sqlids pef 100 kg of fish on
hand per day. Warm-water fish cultures ghat are operated as flow—thru‘
systems discharge slightly greater solids loads averaging 3.1 kg of
suspended solids per 100 kg of fish on hand per day.

| Solids are also dischafged directly into feceiving streams when
earthen ponds are drained to harvest fish. To evaluate the péllution
potential of these wastewaters ;everal studies were reviewed and addi-
tional sampling was conducted (74). The déta were comﬁiled and are
summarized in Table V-4. Findings showed that. during harvest érainiﬁg,

ponds contributed from 4 to 470 mg/i of suspended solids. The variation
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TABLE V-4

SOLIDS CHARACTERISTICS OF EFFLUENTS.
FROM CULTURING PONDS BEING DRAIN29 DURING
FISH HARVESTING ACTIVITIESZ

Effluent Waste Load
(mg/1) : (kg/100 kg fish on hand)

Suspended Solids

Average 157 . 23.5

Range 4-470 ‘ 3.5-43.7

No. of Samples : 30 30
Settleable Solidsyf ,

Average 55 -

Range <0.1-39 -

No. of Samples 46 -

a/ Summarized from the data presented in Supplement B.
b/ Reported as ml/1
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was caused by the fact that solids are strongly influenced by such
factors as sediment-type and algae. On the average, draiﬁing wasée—
water contained 157 mg/l of suspended solids of which 5.5 ml/1 were
settleable. In terms of waste loads, the draining wastewater produced

23.5 kg of suspended solids per 100 kg of fish cultured.

Nutrients
In fish culturing facilities uneaten feed and fish excreta accumu-
lating in the raceways and ponds are rich sources of ﬁutrient pollutants.
" The nitrogen content, for example, of dried'feces has been measured as
5.8 percent for carp and 7.3 percent for sunfish (86). As th;s fecal
matter decomposes in the water system, organiclnitrogen may be chahged
into ammoniarby bacteria (124). In an open or flow-thru system there
‘is usually sufficient water flow to dilute toxic levels of ammonia to
harmless concentrations [<0.3 mg/1l according to Smith (210), Burrows (35)
and Brockway (28)]. However, in some open and many closed systems, such
as a reéycle facility, ammonia accumulation 1s-of£en a major problem
(144,145). It has been demonstrated that fish exposed to ammonia con-
centrations of 1.6 mg/l for six moﬁths have reduced stamina, reduced
growth, suffer extensive degenerative changes to gill and liver tissue
and are ﬁore susceptable to bacterial gill disease (210). Thé literature
shows that the ammonia concentration in fish hatchery wastewaters is
erratic but on an average ranges from 0.2 to 0.5 mg/1 (36,11§;139,247).
Given sufficient time and pfoper conditions organic nitrogen and
phosphorus in waste feed and fish excreta will be oxidized to nitraﬁe

and phosphate. Table V-5 shows that under normal operating conditions,
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flow-thru systems culturing either warm or cold-water fish produce
similar concentrations of nutrients. On the average there is a net

increase in ammonia-nitrogen (NH_-N) of 0.35 mg/l, and in total

3
phosphate (PO4—P) of 0.05 to 0.09 mg/l. On the other hand the nitrate-
nitrogen (N03-N) concentration decreases oﬁ the average of 0.17 to
0.22 mg/l as water flows through the fish culturing facility. This
net loss of nitrate is assumed to be caused pfimarily by biological
uptake in phytoplankton and periphyton growths that commonly occur in
raceway and ponds tﬁrough which thé nutrieht—;ich waters flow.

During cleaning.operations there is a change in the concentrations
of certain forms of nutrients in the fish culfuring facility wastewater.
The net change in ammonia-nitrogen'was :eported to be an increase from
0.35 to 0.52 mg/l, nitrate-nitrogen increased from (=) 0.17 to 0.64 mg/l1,
total kjeidahl nittbgen (TKN) , which includes ammonia and orsanic
nitrogen, increased from 0.74 to 1.15 mg/l and total phosphate increased
from 0;09 to 0.38 mg/l. Although no data are'availaﬁle for characterizing
the nutrient levels in cleaning wastewaters from warm-water (flow-thru)
systems, there is little reason to believe that the characteristics differ
from thosé reported for cold-water fish facilities. A comparison of the
nutrienﬁ waste loads produced in:either cold¥ or warm-water fish culture
dischargeé.shows'the similarity in nutrient characteristics [Table V-5].
An average range of 0.06 énd 0.07 kg of nitrate-nitrogen per 100 kg of
fish on hané per day are:dischérged by cold- and warm-water fish culturing
facilities, respecti§ely. Further similarity in nutrient characteristic
of wastewaters is shown by the fact that both flow-thru facilities pro-

duce 0.03 kg of>phosphate per 100 kg of fish on hand per day.
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TABLE V-5

NUTRIENT CHARACTERISTICS OF EFFLUENTS FROM
FLOW-THRU FACILITIES CULTURING NATIVE FISH

75

Normal Operation

Cleaning Operation

Net . Net
Effluent Change Effluent Change Waste Load
(mp /1) (me/1) (mg/1) (mg/1) (ke/100 kg fish on hand/day)
COLD-WATER FISH CULTURE
NH4-N -
Average 0.52 0.35 0.59 0.52 0.09
- Range 0.0-3.60 0.02-2.18 0.06-2,40 “Taf 0.02-0,40
Ho. of Samples 654 644 73 7= 116
TKN
Average 1.20 0.74 2.05 1.15 0.20
Range 0.01-12.80 0.05-1.53 0.61-5.95 ~Ta/ -—
No. of Samples 251 248 72/ 2 1
N03-N )
Average 1.73 (=)0.17 o Y.27 0.64 0.06
Range 0.0-8.2 (-)3.6-1.1 0.13—&.;0 “Ta/ (-)0.38-1,50
No. of Samples 685 619 78/ ¢ 7= 143
Total PO,-P )
Average 0.16 0.0% 0.59 0.38 0.03
Range 0-0,57 (~)0.09-0.94 0.17-1.?3 -a) 0.0-0.44
No. of Samples 375 372 g2 7= 85
X W ARM-WATER FISH CULTURE
NH4-N
Average 0.41 0.36 -— - 0.09
Range 0.10-1.63 0.10-0.56 - - 0.01-0.65
No. of Samples 137 126 - - 18
TKN
Average 0.63 0.55 - - 0.41 -
Range 0.30-2.40 0.20-1.87 - - 0.04-1.00
No. of Samples 16 7 - - 7
NO,~N ]
verage 0.98 (-)0.22 - - 0.07
Range 0.05-4.00 (-)0.31-0.10 - - 0.02-0.29
No. of Samples 236 ) 3 - - 12
Total PO4-P ]
Average 0.28 0.05 - - . 0.03
Range 0.01-0.90 (-}0.02-0.17 — - (=)0.003-0.39 -
No. of Samples 17 17 -_— - 18

a/ Based upon data collected during cleaning activities at 7 fish hatcheries (References 69,75,76).
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A review of available data from various State agencies, the Bureau
of Sport Fisheries and Wildlife and the Environmental Protection Agency
shows that when earthen ponds are drained to harvest fish, nutrients are
discharged into receiving‘wétefs.i The ponds stﬁdied were in Oklahoma,
Missouri, Georgia, Alabama, California, Ohio, Minnesota, Kansas and
Arkansas. A summary of the results are presented in Table V-6. These
studies show that,. during draining, wastewaters contained an average
of 0.39 mg/l ammonia-nitrogen, 0.78 mg/l of total kjeldahl nitrogen,
0.41 mg/l of nitrate-nitrogen and 0.13 mg/l of total phosphate. In
terms of waste loads, the harvest wastewaters contained 0.04 kg of both
nitrate and phqspha;e and 0.25 kg of ammonia per 100 kg of fish on hand.

Although nutrient levels in fish culturing wastewaters may occa-
sionally be sufficient to stimulate algal growths, this condition is

likely to occur only when the hatchery discharge constitute the major

portion of the receiving water flow.

Bacteria

The Bureau of Sport Fisheries and Wildlife, U. S. Department of
the Interior, established a water quality monitoring program in 1971 at
23 of its Fedefal fish hatcheries including 3 warm-water fish hatcheries
(Senecaville, Ohio; New London, Minnesota and Tishomingo, Oklahoma).
The monitoring studies were conducfed over a period of one calendar
year with sampling usually done on a monthly basis. These studies
include the evaluation of coliform bacterial densities in the inflow
or source water and the outflow water of the hatcheries. From these

data, net changes in the bacterial densities were calculated (outflow
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TABLE V-6

NUTRLENT CHARACTERISTICS OF EFFLUENTS
FROM CULTURING FONDS BEING DRAINED/
DURING FISH HARVESTING ACTIVITIESZ

7

Waste Load

Effluent
(mg/1) (kg/100 ke fish on hand)

NH ,-N

gverage 0.39 0.25

Range 0.07-3.00 0.06-0.36

No. of Samples ‘ 228 22
TKN :

Average 0.78 -

Range 0.10-5.25 -

No. of Samples 54 -
NO.,-N

Average 0.41 0.04

Range 0,0-1.39 0.02-0.05

No. of Samples 107 17
Total POA-P

Average 0.13 0.04

Range - 0.01-0.45 0.01-0.12

No. of Samples 61 22

a/ Summarized from the data presented in Supplement B.
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values minus inflow or source water values). The data showed that cold-
water fish hatcheries had a mean net increase in total coliform of

170 per 100 ml of water and a mean net increase in fecal coliform of

28 per 100 ml of water. Studies at the warm-water fish culturing faci-
lities in Tishomingo, Oklahoma showéd a mean net increase of 58,000 and
4,800 per 100 ml of water for total colifqrm and fecal coliform bacteria,
respectively.

A special study was done in conjunction with the preparation of
this document to determine if coliform bacteria are harbored in the
intestinal tract of fish and to determine the source of the coliform
bacteria contamination [Table V-7). Findings showed that large densities
of non-fecal coliform bacteria are present in the gut of trout being
cultured in a fish hatchery. The average (log mean) density of total
coliform bacteria found in the gut of 15 rainbow trout examined was
>2.5 million ﬁer 100 gm of fecal matter. No fecal coliform bacteria
were isolated (value expressed as f20 in Table Vf7). Examination of
fish feed (commercially prepared pellets) and intake or hatchery source
water showed total coliform bacterial densities (log mean) of 9,000 per
100 grams and 52 per 100 ml of water, respectively. No fecal coliform
were isoldted from the feed samples while the hatchery intake water
contained a range of <2 to 11 fecal coliforms per 100 ml of water.
Examination of the hatchery effluent revealed that wastewaters con-
tained a log mean of 4,100 total coliform bacteria and 6 fecal coliform
bacteria per 100 ml of water. It was concluded from this study that

fecal coliform bacteria originated from the hatchery source water

DRAFT



RICA2: (0

TABLE V-7
SOURCES OF COLIFORM BACTERIA IN A COLORADO TROUT HATCHERY
COLIFORM DENSITIES PER 100 GRAMS INa}NTESTINAL

. CONTENTS OF RAINBOW TROUTZ
(OCTOBER 15-19, 1973)

Water . )
Temperature No. of Total Coliforms Fecal Coliforms
Fish Species °F °C Samples Log Mean Range Log Mean Range
. ;
Rainbow trout 52 11 -5 - . .>2,500,000 33,000->24,000,000 <20 <20
a/ Three fish were collected for each analysis.
COLIFORM DENSITIES PER 100 GRAMS
IN PELLETIZED FISH FEED
Total Coliform . ; Fecal Coliforms
No. of Samples Log Mean Range : Log Mean Range
5 ’ 9,000 2,300-17,000 ' - <20 <20

COLIFORM DENSITIES PER 100 ml
IN TROUT-CULTURING WATER

Temperature Total Coliforms Fecal Coliforms
Station Location °F °C Log Mean Range Log Mean Range
Intzke Water from Watson Lake 52 11 52 22—3}0 <3 <2-11
Raceway Water at Midpoint 52 11 650 - 220-2,800 <2 <24
Discharge from Combined Raceways - 52 11 4,100 1,300~28,000 6 5-8
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{a river) and that other colifofm bacteria are commonly present in the
feed or source water; furthermore, these non-fecal bacteria accumulate
in the intestinal tract of cold-water fish.

In the past, the iitérature indicated that fish rarely harbor
bacteria normally found in the mgmmaiian digestive tract (6,78,83,84,
85,88,98,107,116,118,120,154,201,237,253). However, other coliform
bacteria normally assoclated with decaying vegetation, or soil have
been found in accurmulated uneaten feed and fish fecal material in fish
hatchery raceways. Furthermore, examples are cited where the source
water or feed contained high levels of coliform bacteria and consequently

the fish hatchery wastewater contained high bacterial levels.

NON-NATIVE FISH

Oxygen Demanding Constituents, Solids, Nutrients, and Flow

There apbearé‘to be little data in the literature which relate
strictly to these effluent characteristics from non-native fish culturing
facilities. This may be partly because tropical fish culturing tanks and
ponds are relatively small (most have a water volume of le;s than 50 cum
or 18,000 cu ft) when compared to native fish ponds and are sometimes
drained less than once per year. Even larpe non-native fish culturing
facilities do not usuaily drain more than two ponds per day. A typical
maximum flow rate for'draining two fish ponds (6 x 25 x 60 ft) per day is
about 6.3 liters per second (IOQ gpﬂ) (179), whereas winter flow-thru
rates for one facility with 80 ponds was reported as 10.7 liters per
second (170 gpm) (63). Non-native sport, food, and biological control

species may be cultured in larger ponds, but to date their production
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has been primarily experimental and thgs the volume of water discharge&
nationwide has been much smaller_than the volume of water discharged
from native fish culturing facilities. it has been estimated that only
three million gallons of wéStewater accompanies fish imports each
year (56).

In the absence of other data, it seems reasonable to assume that
the concentrations of oxygen demaﬁding cons;ituents, solids, and nutrients
discharged from non-native fish culturing facilities are not unlike con-
.centrations discharged from warm-water native fish culturing facilities.
This aSSumptiop is based on the fact that the production processes involved
are either very similar (in the case of pon—nétive sport, food, and biolo-
gical control species) or similar but scaled down (in the case of the
ornamental fish) to processes utilized -in some types of native fish cul-

turing operations.

Biological Pollutants

A concern that severe eﬁyirbnmental degradétion might be the‘result
of discharges of bacteria, parasites or other harmful organisms contained
in the effluents of non-native fish production facilities has been voiced
by many'authorities (3,16,19,51,57,92,165,177,194,195,198,208,233,238).
Aquatic environments in- the United States are already stressed by pol-
lution and physical alteration by man. Additions of foreign parasites,
pathogens,'predétors, or species which might compete more favorably than
native species for habita& or food renresent a serious additional threat

to the native aquatic enviromment (57). Experts on the subject have
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suggested that the introduction of any harmful non-native organism into
the environment should be considered a form of pollution and that thesé
organisms should be referred to as biological pollutants (55,133,198).

This approach is bérnboui by pést history of problems brought about
by the introduction of undesirable species.: In #ddition to the well pub-
licized harmful effect of some fish 1ntrqductions, many fish and shell-
fish parasiteé have been introduced from continent to continent and have
caused economic losses, especially in stocks.of game fish and shellfish
(56,209).

Any introduced host, including those passing a quasi-quarantine
by being held in facilities for a period of time, often retains the |
ability to introduce parasites into néw localities (57). Various chemical
and physical treatments are not always successful (57). Increased para-
sitism of local fish has occufred following the introduction of a non-
native fish in at ieast one Américan river (60).

Concentrations of various biological pollutants discharged vary
greatly depending on the individual pond and mefhod of operation. In
gome cases, the entire pond and all its contents, including fish, have
been discharged directly into navigable waters (55). 1In other cases the
fish are kept in the pond but the water, containing bacteria and possibly
other biologicai pollutants, is discharged into navigable waters. Because
their concentrations in fish culturing effluents is so variable, most of
the biological pollutants are discussed here qualitatively rather than

quantatively.
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The discussion of probable or possible as well as confirmed bio-

logical contaminents in discharges from non-native fish culturing faci-

lities is appropriate for the following reasons:

1)

2)

3)

4)

5)

There is some évidence that non-native fish may serve as
carriers of human pathogens [Tablé'V-S]. The relatively small
number of preQious reports referring to biological contaminents
in non-native fish culturing effluents per se is probably a
reflection of the relatively small amount of attention which
has been given to that source.

Inspections of shipments of fish by the United States Public
Health Service are visual (202), and not always done (2275.
There is a serious threat to the environment and human health
in ‘the United States by some of the probable or possible
constituents.

From a sanitary point of view, the safest approach is to con-

 sider water from contaminated areas as contaminated until

proven otherwise (212).
At present, non-native fish and import water come from countries

where, sanitary conditions are known to be poor (3), and the

" fish are often fed food grown on human sewage (93). These

facts greatly increase the probability of contamination.

Bacteria--Fish arriving from overseas often arrive in unhealthy

condition (33,240). Some individuals will sell péor quality, sick

fish at reduced rates (24); one of the largest American dealers has

reported to the United States Congress that about 60 percent of all
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TABLE V-8

SALMONELLA ISOLATIONS FROM A
FLORIDA TROPICAL FISH FARM
(NOVEMBER 12-16, 1973)

Sample Source __Sertotype(s) Isolated
Aquarium water at point Salmonella enteritidis ser Typhimurium
immediately before S. enteritidis ser Typhimurium variant
disinfection. ' Copenhagen
Final discharge from . Salmonella enteritidis ser Worthington
indoor facilities. S. enteritidis ser Typhimurium var
Copenhagen

S. enteritidis ser Anatum
S. enteritidis ser Tennessee

Fish food used in indoor " Salmonella enteritidis ser Typhimurium var
facilities. Copenhagen '
Foreign imported shipment, Salmonella enteritidis bioser Java

water sample,
Hong Kong, China.
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imported tropical fish die within 30 days and that most have parasitic
ichthyophthiriasis (ICH) or fungus infections (236). Although aquarium
fish in good condition can live compatibly in a large water system con-
taining, a high bacteriai density (108), fish séresséd by infections
and crowded conditions in shipment have less resistence to bacteria
and>thus are more likely to become vectors of bacterial diseases. 1In
addition to being carried ‘into navigable waters by the effluent water
itself, bacteria may be carried to the outside environment in fish
intestines (155,209), body slime (155,166),*and in uneaten fish food
(227,241).

1. Aeromonas--Bacteria of this genus are almost univefsally present
in any body of water containing organic material (213), and they have
been found in tropical fish and import water from Hong Kong (94). Low
levels of bacteria of this genus are not uncommon in healthy fish (94),
but high levels are pathogenic to both fish and man (118,166).

Aeromonas hydrophila is a common fish pathogen and is fhe cause of a

variety of clinical &1seases in man (118). A number of other members

of the genus are closely related to human pathogens and may be respon-
sible for eye, ear, nose, and throat infections more‘frequently than is
presently realized (118). High levels in water are sometimes the result
of contamination with aerated human sewage, a medium in which Aeromonas
thrives (213).

2. Clostridium--Clostridium perfingens, the most important cause

of gangrene in man, has been isolated from commercial diets of tropical

aquarium fish (241).  This fact takes special impoftance because it has
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been shown that fish can act as carriers of bacteria of this genus,
including the species whlch cause tetanus and botulism in man (200).

3. Chondrococcus--Members of this genus cause columnaris disease,

a fish disease common in-the United States and capable of causing great
losses among important commercial species such as trout and salmon (211).
It is fairly commonr in tropical freshwater fish, especially cichlids (129)
and thus non-native fish culturing facilities have the potential for dis-
charging bacteria of this genus in their effluents,

4, Escherichia--Members of this genus were found in the water with
a shipment of tropical fish from Singapore, and in tropical fish imported
from Hong Kong (94). It has been reported that some strains of E. coli
bacteria can be carried by fish, cause no harm to the fish, yet remain
pathogenic to man.(200,209). Enteropathogenic strains have been retained

in fish intestines for at least 21 days (132).

5. Erysipelothrix--Bacteria of this genus, reported from native and
non-native fish, cause swine erysipelas ("fish ;pse") skin disease in
humans that handle fish (118,200).

6. Leptospira--A member of this genus is carried in fish slime and
causes infectious jaundice in humans handling fish (118,166,20)}.

7. Listeria—-—The genus includes bacteria that are pathogenic to

man and that have been observed in fish (200).

8. Mycobacterium-—Members of this genus are causes of tuberculosis,
including fish tuberculosis in freshwater and marine fish (181,211).
Tropical fish tanks provide ideal growth conditions for M. marium (1).

This species has caused serious skin diseases among persons cleaning
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ornamental fish tanks (1). No effectivercure has been found for treating
the fish (211) or Humans (1) infected. Another member of thé genus which
has been isolated from both fish and human infections is M. fortuitum
(118,200). It is possibie that snails may be one of the vectors of the
mycobacteria pathogenic to man and fish (211) and that the bacteria may
be carried in an effluent in this manner.

The leprosy bacillus, Mycobacterium leprae, has been reported in

fish by Russian workers (118).

9., Nocardia--Species of this génus have been isolated from fish
and are known from human wound infections (200).

10. Paracolon--Members of this genus cause gastroenteritus in
humans and were found in water with a shipment of South American reef
fish (132).

11. Pasteurellé--Members qf this genus cause plague and tularemia
(rabbit fever) in man and at least one species, P. tularensis, has been
found in'freshwa;er fish (118). It has been sqggested'that fish pathogens
such as P. piscidida, closely related to the bubonic plague pathogen,
might develop strains virulent to man (118);

12. Salmonella, Coliforms, and Fecal Streptococci--A bacteriological

study done at a large tropical fish fgrm near Tampa, Florida, in conjﬁnc-
tion with the preparation of this report revealed pathogenic Salmonella |
bacteria in the aquarium water, the final discharge from indoor facilities,
the fish food used in indoor facilifies, and the import water in a shipment

of fish from Hong Kong (Tables V-8 and V-9).
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TABLE  v-9

BACTERIAL DENSITIES
FLORIDA TRAOPICAL FISH FARM
(NOVEMBER 12-16, 1973)

88

No. of Total Coliforms Fecal Coliforms Fecal Streptococci
Sanple Source Samples Range Log YMean Range Log Mean Range Log Mean
Outdoor Rearing Ponds
Water, MP:/100 ml 4 1,300-3,900 2,500 4-79 13 11-490 59
Fi{sh, MP}/100 grams [ 13,000-1,600,000 250,000 50-3,300 350 50-28,000 2,500
(Giant Sallfin Mollys-1})
(Species Unknewn-3)
Fish food used in outdoor
rearing ponds, MPN/100 grams 5 170,000-920,000 480,000 50-13,000 1,400 1,400-7,000 2,700
Indoor Aquariums !
Water, live béarer room, MPN/100 ml 5 2,800-35,000 13,000 €2-700 2 21-1,300 98
Fish, live bearer room, MPN/100 grams 6 920,000-5,400,000 2,200,000 40-49,000 790 2,200-79,000 7,100
(Kissing Gourami-2) . :
(Blue Gourami-2}
{0paline Courami-2)
Aquarium water at point immediately
before disinfection, live-bearer : .
room, MPN/100 ml 4 14,000-49,000 b/ . 26,000 £20-49 <28 22-110 56
Water, import rooms, MPN/100 ml 3 24,000->240,000~ 110,000 27-490 150 79-2,200 310
Fish, fmport rocms, MPN/100 grams 4 2,200->2,400,000  >420,000 €20-94,000 <1,300 220-~130,900 7,100
(Walking Catfish-1)
{Jack Dempseys-1)
(Moonlight Fish-1)
(Rainbow Shark-1}
Fish Focd used in indoor facilities, .
MPN/100 grams ' 5 170,000->2,400,000 »690,000 an-49,000 9,800 35,000-%20,000 130,000
Final discharge from indoor facilities, - - .
MPN/100 m1 ’ s 11,000->2,400,000 275,000 500-18,000 2,600 1,100-92,000 9,800

Wo. of :
Sample Source Samples Common Name Total Coliforms Fecal Coliforms Fecal Streptococel
Foreign Inpcrted Shipments
Water, Hong Kong, China, MPR/1C0C ml 1 Blue Courami 240,000 13,000 230
Guyana, South America 1 Hatchet Fish 240,000 2240,000 22
Fish. Hong Kong, China, MPN/100 grams 1 Blue Gourami 220,000 70,000 4,900
Guyana, South America 1 Hatchet Fish 22,400,000 28,000 1,700
a/ € = less than value
b/ > = greater than or equal to value
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Total (TC) and fecal coliform (FC) bacteria and fecal streptococci
(FS) analyses were performed on random samples collected Qaily over a
S5-day period. Sampling locations consisted of the following: a) water
and fish from the putdoér rearing ponds and the fish food used in these
ponds; b) water, fish and food from the indoor facility, includine -
samples collected both before and after disinfection within the closed
system; c) the final discharge from the indoor facility; and d) water
and fish collected from foreign imported shipments. The results are
summarized in Table V-9.

Water samples collected from the outdoor rearing'ponds at the fish
farm contained high';o;al coliform densities; however, the water con-
-;aingd low fecal-coliform and fecal streptococci densities. TFish col-

iected from thgse ponds reflected grgater numbers of the. three bacterio-
loéical parameters measured.

~ Aquarium vater , fish and the fish food used in the indoor facility
showed a pattern of pollution indicator densities very similar to those
found in the ou;door pond; howevér, results sh;§ the densities were
higher than in the ponds. The fish collected from tﬁe live-bearer room
contained fecgl coliform‘log mean densities of 790/100_gm. Fish taken
from the import room contained fecal coliform log mean densities of
<1,3Q0/100 gm. Fish from both the live-bearer room and the import room
contained fecal streptocoéci densities of 7,100/100 gm. The fish food
used in the indoor facility is the most sigﬁificant source of contami-
nation (FC =.9,800/100 gm, FS = 130,000/100 gm). The presence of the

pathogenic Salmonella substantiates the fecal coliform data in that the
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pathogens are only found in materials contaminated with feces from
warm-blooded animals, |

It should be noted that whole fish were homogenized before analySes.
It is likely that if onl& the intestinai contenﬁs, ratﬁer than whole
fish, were tested, they would coﬁfain bacterial densities in numbers
similar to the levels found in the food.

The final wastewater discharge conﬁained high densities of fecal
coliforms and fecal streptococci (FC =.2;600/100 ml,'FS ;~9,800/100.ﬁi),
and high numbers of bacteria were found in both fish and water samples
collected from foreign imported shipments. |

In addition to the EPA study, there aie several pertinent references
to Salmonella in the literature. Five of 35 sé@plgs of a dr&Afish diet
from a Canadian'fish hatchery contained Salmdneila, includiﬁg’§. mohteuidea,
S. livingston, and S. anatum, (240). The aﬁthér of tﬁat report qéted
that the presence of Salmonella in fisﬁ rations may presenf a hazard to
fish handlers as well as human and animal ﬁopu;atioés éqﬁnstream frqﬁ
the discharge. Fish from polluted waters. have been found to contain a
number of species of Salmonella (118,157). Salmonell§ ¢an éurvi?e'ét
least two weeks in brackish water from Chegapeake Bay (118) and at least

29 days in fish intestines (157). Salmonella ;yphosa) tﬁe:cau5¢'of

typhoid fever in man, has been reported from the gut of a number of
species of fish (118) and might be present in the water of shiﬁmgnfs.
containing impofted fish (13).

13, Shigélla——A shipment of South American reef fish=wéﬁé found

to contain species of this genus which cause gastroenteritus>in man;
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(132). This genus had previously been reported in fish coming from
. polluted waters (200).

14. Staphylococcus--Fish from contaminated waters contained

‘§, aureus, a human pathoéen (200).

15. Vibrio--It has been reported that in many parts of the world
fish are important vectors of the vibrio causing cholera (118). Russian
workers claim that cholera vibrios grow actively in the gastrb}ntestinal
‘tract of fish and thus are transported up and down rivers (118). Vibrio

parahaemolytirus, a bacterium which causes frequent cases of food poi-

soning in Japan, was only recently found to be the cause of such out-
breaks in this country (80,167). Although it is not known how virulent
~strains reached this country, it is known that fish can serve as car-

riers (80).

Protozoan Parasites--One of the protozoan parasites commonly found

on grass carp, Ctenepharyngodon idella, the ciliate Hemiophrys, was

recently reported in Missouri (154) and may have the potential to para-

gitize native. fish. Myxosoma cerebralis was brought to the U.S. with
shipments of fish from Europe and is now the agent of whirling disease,
a devastating rainbow trout disease now established in the U.S. (110).

Helminthic Diseases and Snail Hosts--The helminthic diseases of

man which are carried by fish include those caused by three types of
pgrasitic worms: flukes (trematodes), tapeworms (cestodes), and round-
worms (nematodes).
These diéeases are not established in a bddy of water unless the
proper combination of the parasitic worms, intermediate snail and fish hosts,

and final host (such as dogs, cats, birds, or humans) are all present.
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Introductions of undesirable mollusecs, including snails which can
serve as intermediate hosts for helminthic diseases, have been 'a world.
wide problem (56). Such snails can and ‘do accompany fish as "hitch-
hikers" in shipments to the United States (56) and some ‘of the ‘dangerous
snails have been widely sold by the tropical fish industry (208).

Immature snails and eggs are quite-small and might easily accompany
a shipment of fishes from Puerto Rico or other infected areas'withoutf‘l
notice (152). In this manner non-native snails which are carriers of
disease might be introduced into fish ponds in the U.S;.and gain dccess
to navigable waters through the effluent (152).

The snails Melanoides tuberculatus and Tarebia granifera, carriers

of many important helminthic diseaées, have been sold widely along with
tropical fish (173). These and other snails are often produced and held

by the same facilitiés which produce and hold fish. It is known that a
Tampa tropical fish dealer was fespoﬁsible for contaminating Lithia Springs,
Florida, with T. granifera (173).

Melanoides tuberculatus is now rapidly being spread around the country

{163) and has been reported from Texas (67), Arizona (67}, California (60},
and Nevada (164). 1t is thought that most introductions are the direct or
indirect result of its presemce in the tropical fish trade (58,173).
Discharges from non-niative fish culturing facilities would contain
biological pollutants which might result in the spread of helminthic
diseases if they contained any of the following:
1. free swimming cercariae of the parasite;

2. fish infected by the parasite;
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3. snails carrying the parasite;

4, other intermediate hosts carrying the parasite.

The parasites could then infect man directlylor could gain eséab-
lishment in other finaivhogts such as dogs, cats, or bhirds. The latter
could ‘serve as "reservoir" ca?riers in establishing the disease and man
cbuld be infected at a later date. Therg is at leést one case recorded
in ;he literature where the total life cycle has bgen established in an
American stream (172).

The helminthic disease organishs and dssociated snails are both
érobable components of unregulated discharges from non-napive fish cul-
turing facilities. For this reason a discussion of the types of
helminthic parasites wﬁichvwould likely characterize wastewaters from

some of these facilities is given below.

1. Clonorchis sinensis - The Chinese Liver Fluke-—Theré is a prob-
ability that this parasite of man will be brought into this country
because the Asian fish considered to be the mos t impoftgnt vector and
the'most frequently infected is the grass carp,'a species being promoted
for'introduction into the U.S. at present (262). The appropriate (173)

snail intermediate host Melanoides tuberculatus, is available and cats

and dogs can serve as the ''reservoir' final hosts.

2, Fasciola hepatica -~ The Sheepn Liver Fluke--Already causing

millions of dollaxs of loss each year in the cattle and sheep industry

" in the United States, this paraéité could become more wide spread if

nev intermediate hosts, such as Melanoides tuberculatus are introduced
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in new areas through discharges from non-native fish farms. The new
snail host may be more successful and contaminate new habitats where
the native snail does not now occur.,

3. Gyrodactylus--Members of this parasitic genus of trematodes

were found oﬁ the skin and fins of non—nativé £ish from Singapote.(gﬁ).
This suggests they may be occasional constituents in the éffluéhtéséf;
culturing facilities, githet>{n the water or on the fish.’ Aiiﬁoﬁéh
members of the genus are established in North América; further dissem-
ination by new and successful hosts would be detrimental to the native
aquatic environment (267). 1t has been repcrted that ofé specles was
probably introduced to this country with shipments of carp from over-
seas (110).

4., Paragonimus westermani - Tﬁe'Ofiental.Luﬂg Fluke--This serious

parasite of man is also carried by.tw0usnaiié introduced into this

country, Melanoides tubérculatus and Tarebia granifera (173). A wide-

spread native fluke which infects mink, pigs, bobcats, raccons, dogs,

and cfayfisﬁ is caused bj'a-cidsely:félated species, ?arﬁgoﬁimﬁé.

kellicotti, and carried by a native snail which has ‘a féfhéf.sgdtty

distribution in the U.S. (224). Further-infféddcfioﬁ§ of'ﬂéiéndidééh

tuberculatus or Tarebia granifera could ‘fesult in the following:’

a) An introduction of a new human disease caused bf'fg;wesfermani;
b) A spreading of both P. westermani and P. kellicotti through
one or all of the three snaii hdsts,fthe native one,

M. tuberculatus and T. granifera (224):
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5. Philophthalmus megalurus--This fluke became established in

San Antonio, Texas, after appropriate fish hosts and snail intermediate

hosts (Melanoides tuberculatus) were introduced (172,173). It was pos-—

sible that the infected snails were introduced into the water by dis-
charges related to the local aquaria trade (173). The final hosts
utilized in the initial establishment of the parasite were water fowl,
but there'are‘three records of flukes of this.genus parasitizing
humans in Asia (172,174).

6. Schistosoma sp. - The Blood Flukes--The members of this genus

cause schistosomiasis (bilharzia), a usually fatal disease afflicting
about 150 million people in foreign countries.(136). Tilapia fish pro-
duction ponds in Puerto Rico and Africa have provided an ideal habitat
for thg disease and'increased its incidence. Because Tilapia are being
imported to this country it is possible that the disease might be present
in the import water (13,56).

~ Although the free swimming cérarial forms live only about 24 hours,
it is possible that import watefs from infectéa areas might be dumped
into American waters as soon as 6 to 8 hours after leaving Puerto Rico
(56). The cerariae might then borrow into the skin -and infect humans
-in contact with the water. It is more probable that nutria, mice,
racoons or other small mammals would act as the initial reservbir hosts
4to start the cycle in native Qaters (20). Humans wading, swimming, or
having any other water contact could then be infected.

Imported snails which carry the disease represent a long term

hazard, since they continue to shed infective cercariae for the rest
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of their life (20). Due to the seriousness of the disease and the
probability that it could be come established in the United States, the
presence of such snails in fish farm effluents would répresant an
especially serious threaf to the environment (165).

Native snails representing one colony of Biomphalaria obstructé

in Louisiana were able to carry the disease, and other such colonies,
though not yet discovered, may exist in the South (152).

7. Other Trematodes--A number of mongenetic trematodes which para-

sitize fish have been transferred to the United States with shipments

of non-native fish (110). These include three species of Anacanthorus

transferred on the gills of piranhas from South America, Ci;hlidogyrus

transferred on the gills of Tilapia from Africa, three species of

Cleidodiscus on gills of piranhas from South America, Dactylogyrus on
mixed species from Asia and Europe, and Urocleidus on piranhas from

South America (110).

8. Nematodes - Round Worms--Parasitic roundworms carried by fish,

especially the genera Porrocaecum, Ganthostoma, Angiostrongylurus,

Eustoma, and Contracaecum, have caused various human health problems

such as anisakiasis, other types of ulcerative enteritus, and eosino-
philic meningitus, in foreign countries. It is known that a serious fish

parasite, Philometra carassi became established in this country after

being introduced with a shipment of fishes from Japan (110). Some of
the foreign species of these genera might be brought in with shipments
of non-native fish, and eventually gain access to navigable waters

through fish farm effluents (224).
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Molluscs—--In addition to acting as carriers of helminthic diseases,
snails and other molluscs discharged with non-native farm effluents may
be claséified as biologidal pollutants if they harm the native ecosystem
by causing the eradication of desirable nati#e species of molluscs or
fishes through predation or competion (117,134,163,164). About 10 per-
ceﬁt of the species of molluscs in this country are considered "en-
dangered" (by extinction) specles, and further dispersal of non-native.
molluécs will prébably cause further damage (11?).
| The mollusc pests most likely pb be associated with non-native
‘fish farming (and-therefore Ehe most iikely constituents in.the waste-
‘water) include thé following:

1. Marisa--In the aqparium industry, snails of this genus have been
<w1de1§ sold as one of the large "mystery snails' (225). It is thought
that its release into navigable waters of Florida was caused by indi;
Qiduélszculcuring non-native fish (133,203). 1t has proved to be a
probiem.due to its threatened eradication of ngtive species of birds
in Everglades National Park (203,225).

- 2, Corbicula -—- This;Asian claﬁ, which has become a destructive,
expensive pest in the last few years, may have beeﬁ introduced by the
aquafium g;ade {133). Spreading widely in the U.S., it poses a threat
to the Delaware and other rivers by crowding out other forms of life (8).
It has no known predators or enemies and can coverAthe bottom 1 m (3 ft)
Aeép, oécﬁriﬁé iﬁ.dénsities to 50,000 clams/sq m (5,000 clams/sq ft) (8).

3. Melanoldes tuberculatus—--In addition to carrying helminthic

diseases, this snail has caused damage to some ecosystems by eradicating
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native snail species (164,172) and eating eggs of'En&angere& species
of fish (163,164). Its very high reproduction rate has made it an
especially serious competitor of native species of snails (174) .
Copepods--TIt is known that harmful parasitic copepods were intro-
duced to the west coast along with imports of seed oysters from Japan
(209), and Ehere is evidence that fish may also act as carriers (261).
Learnea infestations were not recorded in the fish ofAMo;pa River,
Nevada, prior to 1941. Since that timé these paraéites have been intro-
duced with fish non-native to the area and a native species of fish,
Gila, has been afflicted with é high incidence of‘parasitism (261). The

introduction of a non-native fish, Poecilia mexicana, into the Moaﬁa

River Wafer District spring was followed by heaﬁy infeStatiqns'of
Learnea on another native species of fish (261). |

Fish--Non-native fish are releésed from fish farms in the following
ways (55): ”

1. 'Through unscreened effluent éipes

2. Pumping out “contaminated" {(with mixed sﬁecies) ponds .

3. Floods

4; Purposeful discharge of stocks which haQe been overproduced

‘in relation to demand. - |
5. Dumping of illegal stocks.

A consideration of some species of fish as<biologicai pbllﬁténts
is warfaﬁﬁéa b& the fact that fish iﬁtréductioné Hévé oféeg'turned out
to be harmfui-td the enviroﬁment (30,56,133,175). The walking catfish,

Clarias tatrarchus (50,55) and the common carp (136) present well kﬁcwn
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exaﬁpleé of the deleterious effect-that undesirable fish species can
>have in American aquatic habitats.

Due to their low value as sport fish, competition with valuable
species, and destruction of neceséary as well as nuisance plants,

several authorities have suggested the grass carp, Ctenopharyngodon

idella, (56,133) and species of Tilapia (55,56) could also become

biological pests of large magnitude.
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SECTION VI.

SELECTION OF POLLUTANT PARAMETERS

WASTEWATER PARAMETERS OF POLLUTIONAL SIGNIFICANCE

Selecéed Parameters

The unnaturally high denéity of confined fish in culturing faci-
.1itigs leads to changes in the chemica1,>physical and biological ppé—ﬂ
perties of the process wastewaters. Major wastewater parameters of
péllutional significance for the fish'cultu;fng'industry include:

Solids | |

Suspended Solids
_ Settleablg Solids
Nutfients
Ammonia Nitrogen
Bacteria
Fecal Coliform

flow

In addition, biological polluéants (as described in the previous
__section) are considered to be of pollutional significanﬁe in non-native
fish culturing_operations.

On the basis of an extensive literature search, review and evalua-
tion of Refuse Act fermit Application data, EPA data, industry‘data,
personal communications and visits or studie; at various fish-culturing
" facilities it was determined that other than ammonia nitrogen no purely

hazardous or toxic pollutants (e.g., heavy metals, pesticides) exist in

DRAFT



102

the wastes discharged from a fishfculturing facility. The pH, tempera-
ture and dissolved oxygen were not considefed significant parameters

in fish-culturing wastewaters because they must remain at levels found
in high-quality water for successful fish rearing.

With the exception of ammonia, nutrients are not included in the
present effluent limitation guidelines because the extent to which nut-
rients are removed by treatment processes remains to be evaluated. |
Furthermore, the need for advanced treatment technology specifically
designed for nutrient removal has not Been.demonstrateq at this time.

A brief discussion of biochemical oxygen demand (BOD) appears
necessary because it is a commonly reported pollutioh parameter.

Because of the dilute nature of fish cultﬁring wasteé; dissolved
oxygen (D0) problems seldom occur in receiving streams. ‘With the
exception of cleaning wastes, a typical salmonid hatchery discharge
has a BOD of 5.0 mgll {Table V;l). The potential effect of this con-
centration on DO is best illustrated by oxygen sag ahaiysis using the
Streeter-Phelps equation (270). | |

Assuming the most critical condition to be the case where the
hatchery discharge makes up the entire flow of the receiving stream, an
estimate of the minimum DO coﬁcentration may be calhu}aéed. w1th4b0<
saturation equal to 10 mg/l, initial DO deficit Da equal to 2 mé/l,
rate of self purification f = 3.0, initial BOD La = 5 mg/l and rate of
deoxygenation k = 0.2, thg‘critical DO deficit D, is determined by first

calculating the time t_ at which bc occurs.
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_ 1 1yPa |
tc = XD log .{F[l_(f—l)f_]} (270) p. 844
e ‘ a
tc = 1.28 days
. -kt
e = Lae /f (270) P- 844
D, = 1.3 mg/1

The critical deficit Dc.is less than the initial deficit_pa} This
indicates that the equations are not vaiid ﬁor a waste with an initialx
BOD L of 5 mg/l. Apparently the rate of self éurification oTr reoxygen-
ation is greater than thé rate of deoxygenation. Thus.a true oxygen sag
does- not occur and the DO concentration immediately begins to increase
downstream from the hatchery. For a hatchery discharging an initial BOD
Lé;of 5 mg/l with the conditionsvpreviously described, the minimum DO
occurs at the hatchery outfall and is 10 mg/l minus 2 mg/l = 8 mg/l.

: Perform}ng the -same -calculation for-La = 10 mg/1 yields D, = 2.5 mg/l
indicating that a ﬁrue oxygen éag does occur. The minimum DO then equals
-10 mg/> minus 2.5 mg/l = 7.5 mg/l. This oxygen sag analysis shows a negli-
gible environmental impact. | |

"Studies done by the EPA during the development of this document
. sHowed ‘that the BOD was closely correlated to acéumulated particulate
matter in the fish-culturing facility. Therefore, if discharges of
suspended- and settleable sclids are controlled, there will be a con-—

' ‘comitant reduction reduction in the BCD.
For these reasons, BOD was not considered a major or meaningful

pollutant parameter for evaluating fish-culturing wastewaters.
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Rationale
The justification for the selection of the.w5§téwaﬁét parafieters
for the fish-culturing industry is given below. Additionally; there
is a brief discussion on suggested analytical méthods‘fér many of these
parameters.
Solids——Twé types of analyses for determining the Coﬁcéﬁttétibhs
of solids are significant in the fish-culturing industry. _Théy are

suspended and settleable solids.

1. Suspended Solids--This parameter measures the suspended

or settled out readily (234). Suspended solids are a vital and easily
determined measure of pollution. In the wastes frbm.fiéhftuitufihg:
facilities the suspended particules correlate well with BOD and €0D (70).
Suspended solids are the primary parameter for neasuting. the effective=
ness of solids removal processes such as screening and sedimentation (142).
Suspended solids may kill fish and shellfish by causing abeasive
injuries, by clogging the gills and respirating passages of vafiDUS
aquatic fauna; and by blanketing the stream bottom, killing egps; young
and food organisms, and destroying spawning beds (151). Indirectly;
suspended solids are detrimental to aquatic life bécausée they ééf@éﬁ
out light and because, by carrying down and ttapping bacteria and deéom=
posing organic wastes on the bottom; they promote &fid maintain the
development of noxious coﬁditions and oxygen depletion, killing fish,
shellfish and fish food organisms, and reducing the rec¢treational value

of the water (257).
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2. Settleable Solids--The settleable solids test (234) involves

the quiescent settling of a lifér of wastewater in an Imhoff‘cone for

one ﬂour, with approprigte handling (scraping of the sides, etc.). The
method is simply a measurement of the amount of material one might expect
. to setﬁle_under quiescent conditions. It is especially applicable

to the analysis of wastewaters being treated by such methods as screening
and sedimentation for it nof only defines the.efficiency of the systems,
in terms of settleable material, But provides a reasonable estimate of
the amount of deposition that might.take piéce under quiescent condition§
in the.réceiving water after discharge of the effluent (139,142).

- Ammonia Nitrogen--Ammonia is a major pollutant in fish-cul-

turing facilities. - It may occur in high concentrations in cleaning
wastewaters [Section‘V; Table V-5]. As suéh it should be measured
separately by acceﬁfed techniques (73).

The lethal effects of ammonia in concentrations greater than 0.7 mg/l
are weli documented (66,71,72,161,245,264). However, the effects of
even very low un-ionized ammonia nitrogen levels are equally important
in the fish-culturing industry (35,59,124). As ammonia concentrations
in fish-rearing tanks and ponds increase, the fish lose their ability to
utilize'oxygen. When the ammonia concentration of the water reaches
0.3.mg/l, there is a measurable decrease in the oxygen content of the
blood..  The oxygen concentration of the blood decreases rapidly as the
~ammonia concentration in the wager increases from‘O to 1.0 mg/l as N,

‘and tﬁe blood conditions change drastically (86). The carbon dioxide
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content of the blood increases about 15 percent, while the oxygen con-
tent of the blood decreases to about one-seventh of its normal va}ue.

The hemoglobin of the fish blood loses its ability to combine ;ith oxygen
or to liberate carbon dioxide. The end result is that the fish actually
suffocates even though the oxygen content df the water may be sufficient
for normal respiration (86).

Bacteria (Fecal Coliform)--It is common practice in water quality

surveys to measure the fecal coliform density to evaluate the sanitary
significance of certain wastewaters: These ‘bacteria can'be identified
and enumerated by either of two reliable techniques (234), the MPN" or
the milipore filter method. Fecal coliform bacteria are present in the
gut of all warm-blooded animals. The presence of these Eacteria at
significant densities (usually a density of 200 organisms/100 ml 6?~
more) is a good in&ication of the probable presence of pathogens
(38, -119). Although fecal coliform bacteria are not expected to be
produceé by fish (6,78,84,85,120,154;237,253),;studies by the U. S.
Bureau of. Sport Fisheries and Wildlife have shown they increase in some
warm-water fish-culturing facilities. Evidence has shown that {f the
feed or source water is contaminated the bacteria accumulate in the
fish. Therefore, in order to monitor the possible presence of patho-
gens in wastewaters, fecal coliform bacteria should be monitored in
warm-water fish operations that hold or culture native or non-native fish.
Flow--The effluent guideliﬁes-developed in this reﬁéft are based
on production and require the conversion of concentrations to the pro=
ductioﬁ baéed units of expression. This conversion requires knowledge

of the wastewater flow at the time of sampling.
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Flow can be meésured in a variety of ways and the method employed
will depend on the climate, quantity of flow and whether the flow is open
.channel (e.g. sewers, lined and unlined ditcﬁes, etc.) or pressure con-
dult. Most flows from hatcherles may be measured in open channels.

Some methods commonly employed to measure flow in open channels are:

a) Current meters

b)‘ Weirs

¢) Flumes

' Where instantaneous flow measdrements*are sought, the methods listed

will provide such information. The current metér can be'used for estab~-
lishing velocities at a selected cross section over Q series of depths.
From fhis inforﬁation, a rating curve can be developed which will . allow
determination of the flow at other depths. A deptp recorder could alsc
be installed to provide a continuous record of flow. However, where a
continuous record’is desirable, éeirs (three coﬁmoﬁ types are the
rectangular, V—nofch, and the Cipolletti which is traﬁezoidal in sﬁape)
and'Parshall flumes may be used effectively. ﬁeirs are generally easy
to install at low cost although specific‘upstreém.and end conditions-
must be met. The Parshall flume has aﬁ advantage over the weir in that
it is self-cleaning. Accurate measurements can be made using a properly
installed Parshall flume under both free-flow and submerged-flow condi-
tions (243,252). Head requirements for weirs and flumes are important

and may add to operating costs or preclude their use altogether.
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SECTION VII.

CONTROL AND TREATMENT TECHNOLOGY

CURRENT STANDARD OF PRACTICE

Although treatment is not normally provided for native fish cul-
turing facilities exeptions éccﬁr in both fiow—thru and pond subcate-
gories‘whefe settleable solids removal is the péSt common type of waste’
tfeatment. The most common control method used for non-native fish
culturinglfaciiities 15 to discharge wastewaters to muniéipal sewage
systems. Curfent practice in flow-thfu, poﬁd, and non-hative fish
operations is discussed separately. The type, frequency and relative
wéter.quality of dischafges is presented. Estimates are made of the
percentage‘of fish-éulturing faéilities prbviﬂing a specific type of

treatment.

Native Fish -~ Flow-thru Culturing Systems

Cold-water fish are usually‘reared in flowfthru éystems. Discharges
_ from these culturing units include tﬁe continuoﬁs normal flow and the
intermittent.cl;éning flow. The normal continuous.discharge'from fish
éuituring uhité is of a relatively constant quality. The flow rate may
vhry dépénding primarily upon size of ghe operation and fish ioad.' It
is:estimateé thét approximately 12 percent of the industry provides
treafmént‘of fﬁe normal continuous dischargé. 0f this figure an esti-
matéd 5 percen£ remove settleable solids by discharging fhrough a
rearing éond at the end of the Hatchery flow schemé. Another 5 percent

provide a settling basin which acts solely as a treatment unit. The
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remaining 2 percent remove 80-90 percent of the BOD through secondary
treatment of equivalent methods. This latter group is made up almost
entirely of those systems which treat in conjunction with recycle re-
conditioning hatcheries. | |

The intermittent cleaning discharge is greater i& BOD, suspended
solids and nutrient concentration than ;he céntinuous flow., A steel
bristle'broom or scraping tool is usually used during cleaning result-
ing in the resuspension and discharge of accumulated waste solids.
The frequency of cleaning varies widely. It»is estimated that 5 per-
cent of the flow-thru culturing operations treat the cleaning flow.
In most cases the treatment provided is sedimentation although approxi-
mately one percent of the flow-thru systems provide secondary or equi-
valent treatment of the cleaning flow along with the normal flow. An
estimated one~tenth of one percent remove accumulated waste solids with

the use of a suction device thus, in effect, treating the cleaning flow.

Native Fish -- Pond Culturing Systems

Warm-water fish are usually reared in ponds. Typically, fish are
reared in ponds over one or two seasons and then harvested for stocking
or market. Discharges from ponds usually occur in two ways. First,
there are ponds which have a continuous discharge. Second, the pond
volume may be discharged during or after harvesting. In addition,
intermittent discharges may occur as a result of overfilling,'flooding
or flushing of algal blooms. Closed.ponds are defined herein as those

that operate without a continuous discharge.
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Closed ponds typically have a discharge only during hérvesting.
Exceptions occur in cases where harvesting is accomplished‘without drain-
ing the pond. In some bperations draining for harvesting is usually
begun by discharging thé loﬁest quality water first (97). This water
from the bottom of thg pond often contains'high concentrations of
suspended solids and may be low in dissolved oxygen. Discharges from
harvesting of closed ponds ﬁay occur from once‘tﬁ several times annually,
depending upon water temperature and species of fish reared. The rate
at which water is drained may vary greatly'depending oﬁ,the size of the
pond outfall pipe. The type of drain outlet also varies with the great
majority of ponds included in the followingAtwb categories: a) water
drained from the bottom of the pond} or b) water drained from fhe surface
‘of the pond over .dam boards. It is estimated that less than one percent
of the closed ponds which discharge during harvesting provide any treat-
ment of thé discharge. Of those with treatment, most remove‘seftleéble
solids by discharging the flow through another»pond.

Ponds with a continuous discharge, referrea to herein as open ponds,
may have as many as two distinct types of discharges: a) water drained
during haryesting; and b) the normal continuous overflow.

Discharges from open ponds during harvest occur in the same manner
as closed ponds. The frequency and character of these‘dischargeé is
‘the same as set forth for closed ponds. As in the case of closed ponds,
‘it 1s estimated that less than one percent of the open ponds provide
any treatment during harvesting. Treatment cqnsists of settleable.

solids removal by discharging the flow through another pond.
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The continuous discharge from open ponds does not usually fluctuate
markedly in qﬁality, . The flow discharged may vary from several liters
per minute to sgveral million liters per day at different culturing
facilities. Most ponds.are unlined; it is estimated that for greater
than 99 percent of the facilites, removal of settleable;solias is
inherent in that the continuous discharges are from quiescent ponds

which act as settling basins.

Non-Native Fish Culturing Systems

Non-native fish are primarily cultureé in closed ﬁond systems.
Discharges from these culturing units include.short duration éontinuou#
discharge during periods when water temperature must be controlled and
intermittent draining discharges related to fish ﬁarvesting activities.
Fish harvesting occurs at intervals ranging from once every six months
to three years. Airhough chemical and physical characteristics of these
discharges are similar in quality to the overflow from native fish pond
cultures, non-native fish culturing discharges require control to elimi-
nate bioiogiéal pellutants.

The current standard of practice is to discharge wastewaters to
municipal sewage treatment facilities, no discharge (via land disposal),
and to discharge wastewaters directly into navigable waters with no treat-
ment. An estimated 60 percent of the existing non-native fish culturing
facilities discharge their waste into municipal sewage treatment systems
rather than into navigable waters (91,123,127,191,230,254). This group

is primarily composed of importers, distributors, and breeding facilities
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outside the State of Florida. The next most commonly used control method,
especially in Florida, ié no discharge with land disposal (12,43,101,102,
179,218). About seven percent of the non-native fish culturing facilities
use this method. An esfimated 33 percent of non-native fish culturing
facilities discharge without treatment or control measures; these appear
to be common primarily for dirt pond facilities in the Tampa and Lakelapd
areas of Central Florida, although a few other direct discharge have
occurred in'South Florida, Texas, Arkansas, California, and Louisiana.
These knowp direct discharges have ﬁeen eliminated with the exceptibn of

those in Texas and Louisiana.

IN-PLANT CONTRO# MEASURES

Operating parameters such as water use, feeding, cleaning, fish
distribution, and harvesting are all Qariables affecting the quality of
water discharged. It is recognized tbat each of these variabies is
close1y4related to fish quality and production, each of vital interest
to the hatchefy manager (59,139). This section will present changes in
hatchery or farm operations to minimize water pollution without com-

promising fish quality or level of production.

Native Fish -- Flow-thru Culturing System

Water Conservation--Water use requirements for the successful

rearing of fish have been studied extensively (190,258). The carrying
capacity of fish farms or hatchéries is limited by oxygen consumption
and the accumulation of metabolic products (104). The primary goal in

fish culturing is to produce the highest quality fish possible with the
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available water resource. In addition, at some farms and hatcheries
the goal includes producing the greatest number of quality fish possible;

Another goal in fish culturing should be to minimize the pollutants
discharged into the receiving water.’ Most fish rearing facilities
operate at considerably less than capacity during much of the year.

It is during this period that discharges coﬁld be significantly reduced.
This in turn would allow treatment systems to pperate more efficiently,
thus decreasing the discharge of pollutants.

Reduction of water use during periods of low production need not be
inconsistent with the primary goal in fish'éulturing. .Fish culturists -
do not yet know what the ideal rearing space should be relative to the
amount of available water (258). However, it has been demonstrated
that the rate of growth or food conversion of rainbow trout was not
affected as the density increased from less than 16 kilograms of fish
per cubic meter of water (1 lb/ftB) to 90 kilograms per cubic meter
(5.6 1b/ft>) during a 10 month period (190).

Permits issued by EPA under the National Pollution Discharge
Elimination System (NPDES) require that treatment facilities be oper-
ated efficiently throughout the year. Reducing water usage will
minimize the quantity of poliutants reaching the receiving water by
allowing treétment facilities to operate at maximum efficiency.

Feeding Practices—-Feeding practices have been studied extensively and

many hatchery managers now believe that fish growth is very nearly inde-
pendent of feeding levels above a minimum. Feeding amounts greater than

*
this minimum only increases the cost and conversion ratio (40,125,189).

* The conversion ratio is kilograms of feed fed per kilogram of fish
produced.
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Feeding levels greater than the minimum results_in-residual food which
has been recognized as a source of pollutants discharged from fish
hatcheries (139).

Feeding practice has been found to be a major operating factor
related to pollutant produciion. "Propgr féeding means that the time.
and amount of food fed must be properly determined so that most food
will be eaten, resulting in little or no food residual. This practicé
is an economicgl one since improper~feedihg does not improve fish growth,
and results‘in higher operating cosfs as well as higher pollutant pro-
duction rafes. Scheduling is an important factor as it was observed
that’when the fish were not really hungry, théy did not chase food.

As a result, most foods released in the water settled out and finally
became pollutants. The amount and time of feéding vary with water
temperature, fish éﬁecies and size, and type of food. For each
hatchery these factors can be experimentally determined. Therefore,
it is sﬁggested that both time and amount of feeding Be_optimized
.for each hatéhery.” (139) |

Cleaning Practices-- Periodic cleaning of flow-thru rearing units

is necessary to remove solid wastes consisting primarily of uneaten
food and particuiate fecal matter. If allowed to accumulate, the
"decomposition of these solids could place unnecessary and harmful
stress upon the fish. The:frequency aﬁd method of cleaning have a
significant effect upon effluenf quality and pollutant load reaching

the receiving water.
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The settleable matefial which accumulates from fish rearing
activities will slowly digest and release BOD in a soluble form (235).
Thg time necessary for solubilization to occur varies inversely
with'temperaturé and is‘thought to be in the range of two to three
weeks (169). In reviewing the literature, definitive information was
not found to support requirements for precise cleaning intervals for
various water temperatures. However, based upon the recognition that
organic solids digest through bacterial action releasing nutrients
and‘oxygen demanding constituents, it is reasonable to limit the inter-
val between cleanings. The information available suggests that the
average interval between cleanings should not exceed three weeks.

Cleaning methods vary based upon facility design or preference of
the individual hatchery manager. Factors affecting selection of the
cleaning method appear to be manpower, time requirements, fish health
and, to a lesser'degfee; water pollution control. The method of clean-
ing may affect both the total load and concent;ation of pollutants’
reaching the receiving water.

The most common method of cleaning is to resuspend the settled
solids and flush them out of the culturing ﬁnit into the receiving
water. Usﬁally a long handled steel bristle broom is used to resuspend
the settled solids. Slime growths on the walls of lined rearing units
are removed with a scraping tool known as a Kinnéy'broom. This method
of cleaning while the'mbs; common is probably the hardest on the fish
and has been strongly condemned (59). The accumulated waste material

often has a high oxygen demand and may contain toxic products such as
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ammonia, The conditions existing dufing and resulting from this type
of cleaning are thought to have beerd the cause of serious mortalities.
at many fish culturing operations (59).

A variation of the brush-down method of cleaning iﬁvolves the use of
a current carried scraping device followed by a brief period of manual
brushdown to dislodge and resuspend settled solids and slime material.
While possibly reducing the man hours requifed for cleaning, this method
appears to have all the disadvantages of the brush-down ﬁethod.

Several tynes of self—cléaning'rearing units have been developed
(37,168). These are designed to alleviate the necéssityvof periodic
cleaning and associated fish stress. ThereAafe contradictory views,
hovever, concerning the desirability of self-cleaning systems. The
rectangular circulating rearing ﬁnit has reportedly been found to be
less conducive to disease than any other type tested (37). On the
other hand, it has‘been renortéd that certain diseases found in chinook
salmon culture in susceptible areas of Washington are‘universally more
severe in self-cleaning type units (263).

Self-cleaning systems are designed to operate in one of two ways.
Either waste solids are continuously flushed from the system with the
ndrmal flow or they are moved by the water current to a point where
they can be removed from the system by simply opening a valve. Each
of these systems will have a different effect on water quality. 1In
the first case, the normal effluent quality would be expected to
deteriorate slightly in comparison to a periodically cleaned system.

The advantage of this system, in terms of water pollution control,
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is the elimination of slug lcads and high concentratiens of pollutants
assoéiated with cleaning. In the second case, cleaninpg wastes are
discharged in such a way that the fish are subjected to a minimum of
stress and the normal effluent quality is not allowed to deteriorate.
Slug loads of pollutants, however, reach the receiving water when
waste solids are discharged.

Another method of cleaning involves the use of a suction device to
pump or vacuum the solids out of the rearing unit. This method has
been described as the best and most logical way éoAremoye excrement and
other filth without causing injury to the fish or exciting them unduly
(59). In vacuumihg, the settled sollids may be removed without sfirring
the material and causing the release of toxic products. The total
volume of water used in vacuum cleaning may be considerably less than
is used in other methods of cleaning.

Currently the equipment uéed in vacuum cleaning consists of an
efficient suction pump, a section of long flexible hose and a metal
vacuum head and handle. Portabié trailer mounfed units have been used
in conjunccion with a‘wastewater collection pipeline with waste recep-
tacles adjacent to each rearing unit. ﬁastewatér flows to a central
collection:sump from wﬁich it is fumped for treatment and disposal
(128). For many fish farms or hatcheries it méy be possible to pﬁmp
cleaning wastes to'a‘tank truck which in turn ﬁould sprea& the material
on nearby farmland o¥ dis?harge'to a municipal waste treatment system
for d15posai; On;site dewatering offers the opportunity for reuse of

the solids as a fertilizer on hatchery or nearby private property.

DRAFT



119

Vacuum cleaning appears to be the best method of cleaning consis-
tent with fisﬁ culturing and water pollution control objectives. Dis-
advantages of this method include the possible inability of suction
deviées to remcove attacﬁed slimes, the Increase in man hours required,
and additional energy requirements for cleaning. These disadvantages
may be design problems which could be overcome as suction devices are
perfected and gain widespread use by the industry.

Fish Distribution—-Ancther operating variable affecting effluent

quality is fish distribution. At‘similar loading rates, large fish are
more effective than small fish at keeping waste solids in suspension.
Simiiarl& with fish of equal size at a given temperature, units which
are heavily loaded would be expected to pass a greater percentage of
the total settleable solids generated than units more lightly loaded.
Thus, the hatchery manager has some degree of flexibility in deter-
mining whether setéledble sqli&s will be discharged with the normal or
cleaning flows.

Depending upon the type»of cleaning method employgd, fish distri-
bution may be a significant factor affecting effluent qualify. For
example, in a hatchery using the vacuum method of cleaning, fish dis-
tribution could play an important role in determining the percent ;f
settleable solids which are carried from the hatchery'with the normal
flow and the percent which are retaiped and removed during cleaning.
It may be possible to distribute fish such that some units would pass
most of the settleable solids while other units would act as settling

basins.
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The points discussed above concerning fish distribution should not
be misinterpreted with respect to the primary goal of the fish produc-
tion industry -- that of producing the highest quality fish possible.
It is intended that only those fish distribution schemes consistent
with production of a high quality product be used to minimize the level

of pollutants discharged.

Native Fish -- Pond Culturing Systems

Water Conservation--The water conservation discussion presented for

flow—ﬁhru culturing systems appiies‘to lined pond operations with con-
tinuous overflow. However, warm-water pond culfuring requires water for
certaih other reasons. In pond culturing water flow is not generally as
criticél because it is usually not dependéd upon td supply oxygen or
remove waéte products. Rather its function is normally to maintain the
desired waﬁer level in the culturing unit. In some cases, it may be
possible that flow could be reduced or that flow-thru poqu could
operate just as effectively as closed ponds. lEach of>these possi-
bilities would reduce the load of pollutants discharged.

Feeding Practices--In pond culture, feeding may or may not be

practiced depending upon such factors as species of fish being cul-
tured. For those species not fed a prepéred ration, ponds are usually
fertilized to stimulate the production of zooplankton. Fertilization
in excess of the assimilative capacity of the pond may result in water
quality degradation. Where feeding is practiced, the discussion con-
cerning feeding practices in flow-thru operations is pertinent. The
amount and scheduling of feeding should be optimized for each hatchery

such that excess feeding is eliminated.
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Cleaning Practices--Usually only those'fish farms and hatcheries

with lined ponds or raceways practice cleaning. Therefore, points dis-
cussed under flow-thru culturing systems concerning frequency and method

of cleaning should be applied to the lined pond operations.

" Fish Distribution--Control.of<p011uténts through fish distribution
practices would only Be effecgive in poquAthat are cleaned rou;inély.A
Reference is made to the discussion of fish distribution under flow-thru
culturing operations because the same technologies apply.‘

Pond Draining and Harvesting Practices--During fish harvesting

pollutants are discharged as individual ponds are drained. In-plant

" control measures may be taken to reduce the load of péllufants dis-
charged. These measures, aimed primarily at reducing the suspended and
settleable solids concentrations, inblude:'Aa) control discharge: rate
to allow seftling in the pond; b) discharge through another rearing pond
at controlled rgte; and c) harfest without draining. While each of these
measures is worthy of careful consideration it is recbgnized‘that each
is not practicalifor all pond culturing facilities, ‘A discussion of
each alternative is given below.

Settleable solids removal may be accomplished in the pond being
dfained'by controlling the draining rate. This would fequixe a surface
draining Sys#em such that clearer water can be decanted froﬁ the suréace
of the pond. 1In addition, control would be possible only in cases where
harvesting is accomplished in the pond as by seining. After harvesting
is completed the remaining water in the pond should be retained-to allow

settling and the resultant clear water then discharged. This practice
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would no doubf increase the length of time required for draining and
harvesting. However, it would alleviate water pollﬁtion by pfoviding
an estimated 40 percent reduction in the settleable solids discharged.

Discharging draining water.through another rearing pond at a con-
trolled rate offers another alternative method for removing settleable
solids. As'draining progresses, settleable solids could be monitbred.
When settleable solids appear in the diécharge, the flow could be di-
verted through another rearing pond. Care should be taken at this pbint
to see that the éischarge is iﬂtroduced into the rearing pond at a point
farthest from the outlet.

At many hatcheries, elevations may be such that flow would not be
diverted by gravity as described and pumping would be neceésary. Har-
vesting wichoutrdraining may be a viable alternative in-plant control
measure at.some facilities. Thié practice is now used on a limited
scale and completely eliminates the discharge of pollutants during
harvesting. The practicality of harvesting without draining may depend
on soil type and disease problemé experienced;' Where pervious soils
exist all water may be lost through seepage before refilling and
restocking of the pond is desired. This could allow time for tilling
and other measures aimed at fejuvenating the pond and reducing

disease potential.

Non-Native Fish Culturing Systems

Water Conservation--Because non-native fish are pond or tank cul-

tured, water conservation measures described for native fish pond cul-

ture are applicable. Specifically, the discharge from open ponds may
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be reduced or eliminated altogether; each of these measures would reduce
the load of pollutants discharged. 1In addition, recycle systems are
becoming more common and result in considerable water conservation.

Feeding Practices—-Some non-native fish are fed prepared rations

in much the same manner as many pond-cultufgd native fish. The feeding
“ rate, however, is usually determined vispally rather than as a percentqge
of body weight. Thus, excess feeding and the resultant increase in pol-
lutant load could easily occur. Thélamount and scheduling of feeding should
be optimized for each hatchery such that excess feeding is eliminated.

Pond Draining and Harvesting Practices--Control of discﬁarges during

pond draining and harvesting may be accomplished by the methods described
for native fish pond culturing. In addition, the harvesting technique
used for non-native fish has a direct bearing on the control of draining
discﬁarges. A common practice in non—native‘fish culturing is to harvest
by trapping. In tﬁis way draiﬁing may be delayed until after harvesting
is completed, thus gllowing draining to be carried Qut in such a way that
the discharge of pollutants can be minimized. By slowly draining the

pond from the surface, solids can be settled in the pond.

TREATMENT TECHNOLOGY

Eight methods of freatment have been documented in the literature
and are available for reducing the discharge of pollutants from native fish
flow—thrq culturing fa@ilities._ Two methods are presented for treatment of
discﬁarges‘from native fish pond-culturing operations. In addifion, three
technologies have been identified for control of pollution from non-native

fish culturing units. Included are technologies based on bench studies,
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pilot plant studies and full scale operation. The levels of technology
are described in the order of the least to the most efficient. Addi-
tionally, the problems, limitations and reliability of the treatment
methods are discussed as well as an estimate of time necessary for

the implementation of each level of technology.

Native Fish -— Flow-thru Culturing System

Settling of Cleaning Flow--Cleaning wastes consist primarily of

settleablé solids which accumulate in the rearing units. Simple set-

tling will remove most of this matefial. Bench tests have revealed

that 78-93 percent of the séttleable solids can be removed [Table VII-1]

in 30 minutes of quiescent settling in an Imhdff Cone (76,113). For

continuous flow plant scale application, a convention#l settling basin

with a settling time of one hour should provide comparable removals;

A surface overflow'fate of 26 liters per minute per square meter

(0.7 gpm/sq ft) has been used in conventional settling resulting in

90 percént removalvof suspended solids from cleaning wastes (235).

Where the necessary land area is not available, high rate sedimenta-

tion units including plate separators and tube settlers could be used.
It has been reported that cleaning discharges may account for

15 to 25 percent of the total BOD load from a hatchery (69,182). For

purposes of estimating efficiencies of treatment alternatives it is

assumed that 20 percent of the BOD load from flowfthru systems is dis-

charged during cleaning. fTablelVII-l indicates the percentage removal

of various pollutants attained through simple settling of the cleaning

flow. Raw waste characteristics (previously presented in Chapter V),
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TABLE VII-1

SETTLING OF CLEANING WASTES
Removal Efficiency

Settling - . Percent Removal
Study and Time Settleable ‘ Suspended - Total
Reference (min.) Solids ‘BOD Solids TKN NH1-~-N NOq~N PO.-P
Lamar (113) 15 932/ . - -~ - - - -
Cowlitz (140) 120 - 80.3 88.6 - - - -
Wray (76) 15 67 © 63 69 40 50 4 82
0 78 72 71 35 57 1 68
45 89 72 76 40 50 3 79
60 . 100 | 72 78 43 50 3 83
Willow Beach 5 85.7: 75.7 95.3 69.9 - 49.2 92.9
(251) .
15 92.9 80 96.7 74.5 - 53.8 93.7
30 100 80 97.5 74.5 - 53.8 93.7

a/ Based on'settleable solids removed after 60 minutes equals 100 percent
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removal efficiency and final effluent characteristics of the cleaning
flow are presented in Table VII-2. 1In terms of the éntiré waste loadﬁ,
sedimentation of the cleaning flow would result in.én estimated
15 percent reduction of.BOD, suspended solids and phosphate loads and
a five percent reduction in the total nitrogen load. In addition slug
loads of pollutants would be eliminatedf

The removal efficiencies indicated in Table VII-2 would be expécted
‘to decrease if settled solids were allowed to accumulate and digest
in the settling basin. For this reéson, provisions should be made for
the periodic removal of settled solids. The suggested maximum time
interval between -solids removal is two to three weeks. Another problem,
requiring consideration during design, is the intermittent hydraulic
loads on the settling basin. To operate at maximum efficiency, the
settling basin should receive a relatively constant flqw of clean-
ing water. | |

Sludge handling and disposal could be a major problem if not
adequately evaluated and designed into the treatment system. Several
possibilities for sludge disposal include but are not"iimited to:
a) hauling with direct application of wet sludge to agricultural
land; b) on-site dewatering and land application or distribution as
garden fertilizer; and c) discharge or hauling of wet sludge to a

- municipal waste disposal system.
The ;ime for the industry to fimplement this level of technology is

estimated to be 28 months. This includes the following time intervals:
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TABLE VII-2

SETTLING OF CLEANING WASTES
Effluent Characteristics?/

127

Raw wasteE/ Removal Efficiencv Effluent

Pollutant (me/1) (percent) (mg/1)
BOD . | 27.3 75 6.7
COD 97 - -
Suspended Solids 73.5 80 14.7
Settleable SolidsS/ 2.2 90 0.2
NH3—N 0.59 50 0.3
TKN 2.05 50 1.0
N03-N 1.27 59 0.64
Total PO,-P 0.59 80 0.12

4

a/ Effluent characteristics expected with one hour settling at plant scale

E] Values are gross concentrations
c/ Reported as ml/1
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Obtain Funding 6 months
Acquire Land 6 "
Engineering Evaluation 6 - "

& Design :
Accept Bids & Award Contract v
Construction : _ 6 "
Operation Adjustment Period 2"

Vacuum Cleaning--Cleaning wastes can be removed directly from the

rearing units with a suction device similar to swimming pool vaéuum '
equipment. The waste settleable solids can be removed from the clean-
ing flow by means of.a,batch settling operation. After ;ettling the .
supernatant can be decanted and the solids pumped 1nto.a tank truck
for-land disposal or allowed to air dry in place. At a hatchery in
Wisconsin cleaning wastes are discharged to. seepage ponds where the
liquid percolates and the solids are retained (128).
| The removal efficiencies and the resultant effluent quality are the
same as fhoselpresented'fdr'settling [Tables VIIji‘and VII-2). 1In terms
of the gntire waste load,‘it is estimated that the suspended solids and
BOD load reduction resulting from the implementation of vacuum cleaning
would be 15 percent.
The possible problems associated with vacuum cleaning do not appear
to be great. Vacuum cleaning devices may not be effective in some
~ cases in removing attached.algal slimes from rearing unigs. This may be
a design problem.that would be resolved as cleaning devices are per-
fécted or it may be necessary fpr additional hoﬁrs to be spent in
manual scraping. Certainly additional man hours would be required in
the maintenance of vacuum equipment as compared to equipment used in

conventional cleaning methods. Sludge handling and disposal could also
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become problems and should be carefully considered by the design engi-
neers. Several possibilities for sludgé‘disposal include but are not
limited to: a) hauling with direct applicatiocn of wet sludge to agri-
cultural land; b) on—sife dewatering and iand application or distri-
bution as garden fertilizér; and c) discharge or hauling of wet sludge
to a municipal disposal system.

Time required for the implementation of vacuum cleaning is esti-

mated to be 24 months., The following time intervals are_included:,

Obtain Funding ~ ‘ . & months
Acquire Land 6 "
Engineering Evaluation 6 "

& Design
Accept Bids & Award Contract 2 "
Construction ‘ 4 M
Operation Adjustment Period 2.
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Settling of Entire Flow Without Sludge Removal--Settling has been .

used to treat the -entire flow from fish hatcheries (75,182,184,235).
The simplest metho&, although ﬁot the most efficient, is to settle in
an earthen pond or lagoon. Solids are aIlowad_to settle and decompose
through bacterial action. Many hatcheries use brood stock holding

ponds or in gome cases rearing ponds for settleable solids removal.

Plant scale treatment results for three hatcheries have been documented

and are presented with results of two bench studies [Table VII-3],
From the data available, it is reasonable to expect a 25 percent
removal of BOD with a settling time of two hours. Removal efficiencie
for other pollutants and the reSul;ant effluent characteristicslare
indicated {Table VII-4]. Effluent concentrations are expected to be

essentially constant with possibly slight increases as a result of
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TABLE VII-3

SETTLING OF ENTIRE FLOW WITHOUT ?LUDGE REMOVAL
Removal Effic1ency—

© Settling ' " Percent Removal

Time Settleable Suspended Total
Study and Reference (hours) Solids BOD Solids Org-N NH.-N NO_-N PO,-P
Rifle Fallskl (182) 1.5 - 22.6 - - - - -
Big Spring (184) 1 - K 2 - - - - -
wraye! (76) 0.75 - 35 49 15 8 - 2 21

c/ o

Lamar—=" (113) 0.25 85 - - - - - -
chalk cliffsS (75) 5 L= 36 50 17 -17 0 25

a/ Eff1c1encies for the entire flow are determined by weighting efficiencies during normal and cleaning
flows assuming 15 percent of the pollutant load is discharged during cleaning.

b/ Settling basin used also as brood stock holding pond

¢/ Bench settling test using Imhoff Cone

d/ Based on two 24-hour composite samples of normal flow
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TABLE VII-4

SETTLING OF ENTIRE FLOW WITHOUT SLU?GE REMOVAL
Effluent Characteristics.-i

131

4

‘Raw Wastehj Removal Efficiency Effluent

Pollutant (mg/1) (percent) (mg/1)
BOD 9.5 25 - 7.1
CoD 43 - -
Suspended Solids 22 45 12.1
Settleable SolidsS/ 0.9 90 <0.1
NH,-N 0.54 0 0.54
TKN 1.37 0 1.37
NO,-N 1.63 0 1.63
~Total PO,-P 0.25 20 0.20

ig/ Effluent characteristics expected with two hour settling at plant

scale

b/ Raw waste concentrations for the entire flow are gross values deter-
mined by weighting concentrations of normal and cleaning flows
assuming 20 percent of the pollutant load is discharged during

cleaning

¢/ Reported as ml/1
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cleaning. The slug loads currently discharged during cleaning, however
would be reduced in strength,

The ultimate diépdsal of accumuléted solids is thought to be the
major operating problem which would be encountered. Periodically it
would be necessary to rem;ve and dispose of the settled solids. This
material could be hauled wet for land application or in some cases
allowed to dry in place before disposal. Thus two settling basins
operating in parallel would probably be necessary to maintain treat-
ment during solids disposal.

The estimated time necessary for the implementation of this level

of technology is 25 months. Included are the following time periods:

Obtain Funding ‘ 6 months
Acquire Land 6 "
Engineering Evaluation 6

& Design '
Accept Bids & Award Contract 2 "
Construction 4 b
Operation Adjustment Period 1 v

Settling of Entire Flow with Sludge Removal--Removal efficiencies

accomplished with settling are improved when sludge is removed from the
settling basin before bacterial decomposition releases soluble pollutants.
Two methods of sludge removal are applicable. First, sludge may be re-
moved mechanically from concrete clarifiers as is the practice in the treat-
ment of municipal wastes. The treatment process continues uninterrupted

during sludge removal. Second, if additional land is available dual

earthen settling basins may be operated in parallel. One basin'may then

be taken out of service while dewatering and sludge removal take place.

The other basin remains in service treating the entire flow. This
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procedure is followed until both basins are clean. Where land is at a
premium, high fate sedimentation could be employed using plate sepa-
rators or tube settlers. Although these devices have not yet been used
successfully on fish hﬁtchery waétes, information exises for the'rational
design of high rate settlers (265,266).

Removal efficiencies obtained using this level of technology are ‘
presented in Table VII-5, Projecting this data to plént scale settling
with a detention time of two hours, the removal efficiencies in Tabie
VIi-G are expected. The efficiencies indicated are accomplishablg only
with the removal of aécumulated solids prior to measurable breakdown
and resolubilization. Available information suggests that sludge removal
would be necessary at about two week intervals (196,246).

Sludge handling and disposal is recognized as the major problem
asspciated with the'impleﬁentation of this tecﬁnology.- For a hatchery
with a flow of 37,850 m3/day (10 mgd) that removes 10 mg/1 of suspended
solids, an estimated sludge volqme, assuming 90 perceht moisture, of
about 3.785 m3/day (1,000 gpd) could be expected. Possibilities for
sludge disposal are: a) hauling with direct application of wet sludge
to agricultural land; b) on-site dewatering and land application or |
distribution as garden fertilizer; and c) discharge‘or hauling of wet'
sludge to a municipai waste disposal system. |

Another problem at some hatcheries may be shock hydraulic loadings
to the settling basin during raceway cleaning. Fish farms or hatcheries
operated with an increase in water flow during cleaning could experience

a reduction in settling efficiency due to short éircuiting. This could
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TABLE VII-5

SETTLING OF ENTIRE FLOW WITH SLUDGE REMOVAL
Removal Efficiency?

Settling Percent Removal
_ Time Settleable Suspended _ Total
Study and Reference (hours) Sclids Solids BOD COD Org-N NHL-N NO2~-N PO;—P
Lamar (113) 0.072/ 38 . 52 39 69 - - - -
Big Springs (184) 1 - - 24 - - - - -
wrayS (76) 0.75 - 49 15 - 15 8 2 21

a/ Efficiencies for the entire flow are determined by weighting efficiencies during normal and cleaning flows
assuming 15 percent of the pollutant load is discharged during cleaning.

b/ Actual settling time was 3.9 minutes.

¢/ Bench settling test using Imhoff Cone
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TABLE VII-6
"SETTLING OF ENTIRE FLOW WITH SLUDGE ,REMOVAL |
Effluent Characteristicsil
Raw Wasteh/ Removal Efficiency " Effluent
Pollutant (mg/1) (percent) (mg/1)
‘BOD ’ 9.5 : - 35 - 6.2
CcoD | 43 60 ' 17.2
Suspended Solids 22 50 11
Settleable SolidsS/ 0.9 90 . <0.1
NN 0.54 o 0.54
TKN 1.37 10 | 1.2
N03-N ' 1.63 0 1.63
Total PO,-P _ 0.25 : 20 0.20

4

a/ Effluent characteristics expected with two hour settling at plant
scale- ‘

b/ Raw waste concentrations for the entire flow are gross concentrations
determined by weighting concentrations of normal and cleaning flows
assuming 20 percent of the pollutant load is discharged during cleaning.

¢/ Reported as ml/1
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be a particular problem in smaller operations where the increa?ed flow
during cleaning of one unit would be a significant percentage of the
total flow.

It is estimated thét 28 months would be required for the industry
to implement settling with sludge removal. The time intervals are

esfimated as follows;

Obtain Funding 6 months
Acquire Land 6 "
Engineering Evaluation 6 "

& Design : o '
Accept Bids & Award Contract 2 "
Construction 6 "
Operation Adjustment Period 2 "

Stabilization Ponds—-Stabilization ponds are probably one of the

simplest methods available for treating fish wastes. ' The use of rearing
ponds for waste stabilization is not uncommon in fish culturing opera-
tions. Usually brood stock ponds are used and only the normal hatchery

discharge is routed through the pond. Cleaning wastes are disposed of

- by other methods including direct discharge into the receiving water.

The effectiveness'of stabilization ponds for treatment of the entire
flow has been studied and documented {(140). Four rearing ponds of about
1.8 hectares (4.5 acres) each with an average water depth of about 2.5 m
(8.2 ft) were selected for the study. Excluding tests one and two
[Table VII-7}, the average detention time in the ponds -was 3.8 days
and the average BOD loading was 54.2 kg BOD/hectare-day (48.4 1b
BOD/acre-day).

It is reasonable to expect BOD-gnd suspended solids removals of

about 60 percent when operated at detention times and loading rates
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TABLE VII-7

STABILIZATION PoNDSY

Removal Efficiency

. . Detention . Percent Removal Efficiency
Test Flow Tine BOD loading : Suspended .
No. n”/day (mgd) (Days) (kg/hectare~day) (lb/acre—day) B0D - Solids - NH4-N NOq-N PO4~P
1/ 8,592 2.27. 4.0 "10.2 9.1 35 46 W 43 19
22/ 17,638 4.66 2.0 ©20.8 18.6 32 40 52 % 0
3 15,064 3.98 2.3 51.6 46.0 56 60 77 61 86
4 5,829 1.54 6.0 78.6 70.1 48 60 78 58 87
5 8,213 2,17 4.2 42.6 38.0 68 65 _ - - -
6 17,525 4.63 2.0 73.4 65.5 54 -7 - - -
7 12,491 3.30 2.8 52.2 46.6 61 61 - .- -
8 6,359 1.68 5.5 26.9 24.0 62 65 - - -

a/ Data from Reference (140). Ponds received normal dise@brge and cleaning discharge. Author noted that ponds tested were used for rearing fingerling
trout during peak season. The pollutant remeval efficiency with fish in ponds was comparable to that without fish in ponds.
b/ Author mnoted that ponds tested had not yet stabilized. ’
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similar to‘fhose shown in Table VII-7. The determinations made indicate
that stabilization ponds are highly efficient in removing nutrient pol-
lutants, nitrogen and phosphorus. Removal efficiencies and the resul-
tant effluent quality are presented in Table VII-8. These figures are
based on a stabilization pond with a detention time of three to four
days, a loading rate of approximately 56.0 kg BOD/hectare-day (50 1lbs
BOD/acre—day) and are independent of whether or not fish are in the pond.

Two potential problems do exist in the use of stabilization ponds.
First, ovgria period of many years some accumulation of solids can be
expected. It may therefore become necessary to dewater the pond and
dispose of the solids. Such an undertaking could represent A major
expenditure in terms of cost and manpower. The other potential problem
involves the assimilation of nutrients within the pond. The nutrient
removals indicated in Table VII-7 are probably a result of uptake by
algae and other pl;ﬁts in the stabilization pond, Eventually, condi-
tions may occur dausing.an algae die off and subsequent release of
nutrients 1n;o the receiving water.

Land requirements for stabilization ponds may rule out their appli-
cation at many hatcheries. 'However;.in cases where existing rearing
units may be used for waste treatment, imﬁlementation of this treatment
technology could be accomplished in a minimum time'period. Assuming
land acquisiﬁion is necessary, implementation time is estimated at 25

months. An estimated implementation schedule is presented below:

Obtain Funding = 6 months
Acquire Land : 6 "
Engineering Evaluation 4 "

& Design o
Accept Bids & Award Contract o2
Construction: : ' 6 "
Operation Adjustment Period 1 "



TABLE VII-8

STABILIZATION PONDS
Effluent Characteristics—

a/

139

Raw Waste Removal Efficiency Effluent

_Pollutant (mg/1) (percent) (mg/1)
BOD 9.5 60 3.8
COD : 43 - -
Suspended Solids 22 60 8.8
Settleable Solids/ 0.9 90%/ <0.1
NH3—N 0.54 70 0.16
TKN ' 1.37 - -
N03—N 1.63 50 0.82
Total PO,-P 0.25 80 0.05

4

a/ Effluent characteristics expected with three to four day detention
time at a BOD loading rate of 56 kg/hectare-day (50 lb/acre-day)

b/ Raw waste concentrations for the entire.flow are gross concentrations
determined by weighting concentrations of normal and cleaning flows
assuming 20 percent of pollutant load is discharged during cleaning.

¢/ Reported as ml/1

E] Based on results of bench scale settling tests (113)
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Aeration and Settling (5 hours)--Aeration and settling has been

studied on pilot sﬁale for treating discharges from fish hatcheries
(130,131). A pilot plant was operated during April and May of 1970
af the U.S. Army Corps of Enginee;s Dworshak National Fish Hatchery
in Idaho. Thé Dﬁorshak hatchery is a‘re;ycle facility in which water
is reconditioned and recycled through the hatchery. Approximately 10
percent of the reconditioned water is w#sted from the system. During
the test, the pilot plant treated a portion of the 10 percent waste stream,
Characteristics of influent to the'piléf plant [Table VII-9] are nearly
identical to characteristics of single-pass hatchery effluent.

TABLE VII-9

DWORSHAK PILOT PLANT INFLUENT /
FILTER NORMAL OVERFLOW CHARACTERISTICSZ

Concentration
Pollutant . (mg/l)
BOD | | 5.4
Suspended’Solids 126
Total Solids | 76
Total Volatile Solids 25
NHB—N _ 1.1
N03-N‘ 1.8
POA-P 0.8

E]VCharacteristics are average of pilot plant influent concentrations
with pilot plant operating at detention times between 3.2 and 6.6 hours.
Data are from Reference 131.
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Nine tests were made with the.pilot plant operating at detention
times between three and seven hours. Results of these tests are pre-
gented in Table VII-10. At a total detention time of five hours the
removal éfficienciesviﬁ Téﬁle VII-11 would be expected. Applying these
efficiencies to the average réw waste concentration of a single-pass
hatchery would result in thé effluent characteristics in Table VII-ll.'

For plant scale operation a three cell system could be used con-
sisting of one aeration cell and two settling cells. During the pilot
plant testing, under the conditioﬁé previously described, the air supply
‘ranged from 970 to 2,020 cc/liter (0.13 to 0.27 ft3/ga1.) (130). To
permit sludge handling, with some degree of convenience, settling basin
design should consider the necessity fqr sludge removal.’ This may be
accomplished with a single concrete clérifier with mechanical sludge
reﬁoval or with two earthen settling basins designed for altermate
dewatering and slu&ge removal;

Sutge§ on the system resulting from increased organic loading and
possiﬁle increased hydraulic loading during»cléaning may be a problem.

.The pilot plant treated both filtér normal overflow [Table VII-9] and
a mixture of filter normal overflow and backwashing water [Table YII—IZ].
At the increased pollutant concentrations of the combined influent treat-
ment efficiency was not impaired [Table VII-12].
" The time required for implementation of aeration and settling
(5 hours) is estimated at 32 months, Time intervals compriéing this

period are estimated below.
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TABLE VII-10

AERATION AND SETTLING - 5 HOUR®/

Removal Efficiency

Detention 4 ] Percent Removai
Time Suspended

Date (hours) BOD Solids ‘NH3-N NO3-N PO4-P
4-23-70 3.2 76.4 33.3 8.6 15.5 -
4-24-70 3.3 63 16 34 - -
4-25-70 3.65 52 80 2 - -
4-26-70 6.6 51 50+ 27 - -
4-26-70 5.3 67 55 44 65 7
4-27-70 4.92 , 90 90 12 24.5 -
4-30-70 4.9 | 27 90 10 IAA 14.5
4-30-70 5.8 46.5 53 8.6 30 29
5-01-70 A 60 - 58 10 - 12
Mean

Values 4.67 59.2 58.4 17.4 19.9 6.9

a/ Data are from Reference 140.
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TABLE VII-11

AERATION AND SETTLiNG - 5 HQUR

Effluent Characteristics—

143

‘Raw Waétehl Removal Efficiency Effluent.

Pollutant (mg/1) (percent) (mg/1)
BOD 9.5 | 60 3.8
CoD 43 - -
Suspended Solids 22 60 8.8
Settleable SolidsSh 0.9 90%/ <0.1
NH ,-N 0.54 15 0.46
TKN 1.37 - -
NO3-N 1.63 15 1.39
Total PO, -P 0.25 5 0.24

4

a/ Effluent characteristics éxpected with 1 to 1-1/2 hours aeration and
3 to 3-1/2 hours settling
b/ Raw waste concentrations for the entire flow are gross concentrations

determined by weighting concentrations of normal and cleaning flows

assuming 20 percent of pollutant load is discharged during cleaning.

¢/ Reported as ml/1

E] Assumption based on 3 hours settling

- DRAFT



144

TABLE VII-12

PILOT PLANT TREATING MIXTURE OF FILTER NORMAL
OVERFLOW AND BACKWASHING WATERZ

Influent

Concentration Percent

Pollutant (mg/1) Removal
BOD | 17.6 67
Suspended Solids , : 42.7 : 68
Total Solids _ 112 20
Total Volatile Solids 34 37
NH N 0.9 22
NO3—N 1.9 48
P04—P ‘ : 1.0 31

a/ Data are from Reference 131. Testing was done April 28 and 29, 1970.
Concentrations and percent removals tabulated are average of values
for the three tests conducted. :
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Obtain Funding "6 months
Acquire Land 6 "
Engineering Evaluation . 8- "

& Design
Accept Bids & Award Contract 2 "
Construction 8§ "
Operation Adjustment Period 2 "

Aeration and Settiingﬁ(;g hours)--Aeration and setfling with a
total detention time of approximately 10 hours was studied on pilot
scale at the Seward Park Game Fish Hatchery in Seattle, washington.
from November 22, 1969 to January 21, 1970 (130). During this period
ten tests were made in which the total detention time ranged from 8.9
to 12 hours and averaged 10.2 hours. Aeration time averaged 1.9 hours
and settling time averaged 8.3 hours. The aeration rate ranged from
1,800 to 2,470 cc/liter (0.24 to 0.33 ft3/ga1;) and averaged 1,950 cc/
liter (0.26 ft>/gal.).

The BOD and COD removal efficiencies are presented in Table VII-13.
Applying the removal efficiencies to_averagé raw waste characteristics
of single-pass hatcheries the effluent characteristics indicafed in
Table VII-14 would be éxpected from a system qperatiné with a total
detention time of 10 hours. |

Configurations for plant scale operation, and possible operating
problems would be the same as for the .5-hour system previously des-
cribed. ' The estimated time necessary fo¥ implementing this technology
is 32 months. Time intervals for the various steps of implementation

are estimated below.

Obtain Funding 6 months
Acquire Land 6 "
Engineering Evaluation g
& Design
Accept Bids & Award Contract 2 "
Construction g "
"

Operation Adjustment Period 2
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AERATION AND SETTLING - 10 HourZ

TABLE VII-13

Removal Efficiency

/

Detention Influent
Time . BOD - -COD Percent Removal
Date (hours) (mg/1) (mg/1) BOD COD
11-22-69 9.3 14.2 20.8 78 52
11-23-69 9.3 | 13.3 32 77 84
11-25-69 . 9.3 12.7 40 78 88
' 11-29-69 8.9 16.5 21 89 15
12-02-69 8.9 18.1 :52 79 77
12-06-69 11.9 13.1 42 81 80
12-20-69 11.1: 16.7 27.4 77 86
12-21-69 10.6 14.3 16 84 38
12-23-69 10.8 14.4 27.0 83 52
12-24-69 12 17.3 22 92 68
Mean
Values 10.2 15.1 30.2 82 64

a/ Data are from Reference 130.
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TABLE VII-14

AERATION AND SETTLING - 10 HOUR
Effluent Charactetisticsé

147

Raw Wastehj "~ Removal Efficiency Effluent

Pollutant (mg/1) (percent) (mg/1)
BOD 9.5 ‘ : 80 1.9
CoD 43 60 17
Suspended Solids 22 - -
Settleable Solids>/ 0.9 90/ <0.1
NH3-N 0.54 | - -
TKN 1.37 - -
N03—N 1.63 - -
Total PO,-P 0.25 ' - -

4

a/ Effluent characteristics expected with 2 hours

settling

aeration and 8 hours

b/ Raw waste concentrations for the entire flow are gross concentrations
determined by weighting concentrations of normal and cleaning flows
assuming 20 percent of pollutant load is discharged during cleaning.

c/ Reported as ml/1

d/ Assumption based on 8 hours settling
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Reconditioninﬁ-—Rgponditioning refers to fish rearing systems in
which water is t;eated and recircuiated throush the hatcherv. A frac-
‘tion of the total flow is wasted from the system to prevent a buildup
of NH3;N and replaced with aﬁ equal flow ofrsource water. Reconditioning
systems have been used primarily for reasoné other than pollution control.
Several reasons for instailing water reconditioning include: a) source
water requiring sterilization; b) insufficient flow of source water
available; and ¢) temperature contrpl for increased production.

Reconditioning water for fish rearing‘fequires the replenishment of
oxygen and the removal of carbon dioxide and ammonia (36). Oxveen re-
plenishment and carbon dioxide removal are usually accomplished by
violent aeration. "Bacterial nitrification is said to offer the most
practical and economical method of ammonia removal (36)'. Several
methods of tre;tméﬁt for reconditioning were tesged,at Bozeman, qutana
(159).  Pilot rgcdnai;ioqing syétems‘ﬁe:e4opéfated>using activated sludge,
extended aeration and tfickling'filtrafion, all common methods of secon-
dary wastewater treatment. Two nitrification filters referred to as’
“upflow filter" and "new upflow filter'" were also tested on pilot scale.
Each of’these systems was onerated as a nine-pass reconditioning system
resulting in 90 percent of the water being recirculated while 19 percent
is wasted from the system. Results of the Bozeman pilot studies are
presented in Table VII-15. From these data it was concluded that the
removal‘efficiencies and ‘effluent characteristicé indicated in Tabhle

VII-16 were achievable with a nine-pass reconditioning system.
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RECONDITIONING—
Removal Efficiency—

a/
b/

149

Percent RemovalE/

1971
Reconditioning Period of Suspended PO4-P
System Operation BOD Solids NHq-N (ortho)
Activated 3/3 to 97 ' 88 23 - 24
Sludge 7/29 ’ '
Extended 3/3 to 93 . 95 10 25
Aeration 7/29 '
Trickling 3/3 to 86 91 69 +33
Filter - 8/16
Upflow 8/7 to 89 79 49 +25
Filter 11/11 ‘ :
New Upflow 8/23 to 91 - 49 +33
Filter 11/11

a/ Data are from Reference 159 for nine-pass reconditioning
(10 percent waste) :

b/ Removal is expressed in percent based on pollutant_prodﬁction

rates measured in a single-pass system.

¢/ Plus sign represents increase
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TABLE VII-16

RECONDITIONING o/
Equivalent Effluent Characteristics—

Raw Wastekj - Removal ﬁfficiency Effluent

Pollutant '(mgjl) (percent) (mg/1)
BOD | 9.5 ‘ 90 1.6
CoD 43 - -
Suspended Solids 22 ) 90 2.2
Settleable Solids%/ 0.9 - -
NHB-N 0.54 ‘ 40 0.32
TKN 1.37 - -
NO3-N 1.63 | - ' -
Ortho PO,-P 0.25 - -

4

a/ Because the discharge is approximately 90 percent less than from a
single-pass system, the actual effluent concentrations would be higher.
However effluent concentrations are expressed in terms of an equivalent
single-pass system to simplify comparison.

b/ Raw waste concentrations for entire flow are determined by weighting
concentrations of normal and cleaning flows assuming 20 percent of
pollutant load is discharged during cleaning.

¢/ Reported as ml/1
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Poss;ble problems with reconditioning systems_center on the high
degree of reliance on mechanical equipment. Pumping, sterlization and
aeration4are all vital parts of the system and should where used be
backed up by standby units*apd an alternate powver supply{ The man-~hours
necessary for the proper‘maintenance of a reconditioqing system would
prébably be several timés that of a singleffass system,

The estimated time for implementation ofAreconditioning technology
is 52 months. Time intervals for the various steps of implementation
are estimated below:

Obtain Funding ' 12 months

Acquire Land 6 "

Engineering Evaluation 12 "
& Design

Accept Bids & Award Contract 2 "

Construction 16 "

Operation Adjustment Pericd 4 "

Native Fish -- Pond'Cuituring Systems

Pond cultﬁring systems which overflow more than 30 déys per year are
considered flow-thru culturing systems; therefore, only discharges re-
sulting from pond draining activities are considered here. In-plant
control measures are presented below as treatment alternatives‘because
significant construction or capital investment may be required fof
implemeh;atidn. In addition to the two alternatives discussed, a third '
control measure, harvesting without dfaiﬁing, may be implemented with .

only negligible cost and therefore is not preseﬁted here.

Draining at a Controlled Rate--Ponds that are partially drained
before fish are harvestedican be drained from the surface to allow
settling of solids within the pond. To continue the control of set-

leable solids, fisﬁ harvesting can be done in the pond by such methods
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as seining or traﬁping. After fish have been removed, pond water can
be retained to allow additional settling of solids._ Later the super-
natant can be carefully drained from the surface to avoid resﬁspension
and the subsequenp discharge of #ettlgd solids. |

With respect to treatment efficiency, settleable sclids values
shown in Table VII-17 are representative for the industry and can be
reduced by an estimated 40 percent if tﬁe previously described procedufes

" are followed. This estimate is thought to be conservative inasmuch as
simple settling can remove more than 90 percent of the settleable solids.
Table VII—IS shows two important facts. Firsf, it shows that settleable
solids can be controlled in pond draining discharges when good fish
harvesting management is practiced. Second, it shows that water qualiiy
stays essentially constant during much of the draining procedure, dete-
riorating in quality just prior to harvest.

Problems and iimitatipns inherent in this technolopy are three-fold.
First, additional>man—hours'are required for-harvesting; Second har-
vesting in the pond is thought bf some fish cﬁiturists to cause higher
fish mortality at harvest. Third, these harQESting techniques may
require reconstruction of pond outlets and harvesting sumps as weli
as major modification of piping.

The estiﬁated implementation time for this technology is 15 months.

Time increments included in this estimate are as follows:

Obtain Funding : 6 months
Engineering Evaluation 3"

& Design
Accept Bids & Award Contract 1 v
Construction _ 4 "
Operation Adjustment Period 1"
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TABLE VII-17

COMPARISON OF THE EFFLUENT CHARACTERISTfCSE/
FROM NATIVE FISH -- POND CULTURING SYSTEMS

Pond Overflow Pond Draining

Pollutant (mg/1) ‘ (mg/1)
BOD | | 3.9 5.1
COD 29 31
Suspended Solids 29 157
Settleable SolidsE/ 0.1 5.5
NH3—N 0.30 | 0.39
TKN . 0.63 - 0.78
N03—N '0.43 0.41

Total POA—P‘ : 0.31 0.13

a/ Summarized from.data presented in Supplement B
b/ Reported as ml/1 :
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TABLE VII-18

COMPARISON OF EFFLUENT CHARACTERISTICSQ/

DURING DRAINING OF NATIVE FISH-POND CULTURING SYSTEMS

Start of ‘Pond Half Just Prior

Draining Drained To Harvest
Pollutant (mg /1) _ (mg/1)_ 7 (mg/1)
BOD 5.7 4.8 » 11.7
cop - 50 69 ' 67
Suspended Solids 43 57 253
" Settleable Solids®/ <0.1 <0.1 0.9
NH,-N ~ 0.08 0.15 0.25
TRN | 0.97 0.96 1.41
NO,-N 0.27 0.23 . . 0.22

Total P = 0.19 0.23 0.71

a/ Data are average values for three ponds sampled dﬁring:draining for
harvesting (74). ‘
b/ Reported as ml/1
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. Draining Through Another Pond--In some fish culturing facilities
dréining through énother pond may not be solely én-in—plant control
measure. Where another pond is not available, construction of an
earth settling basin for“bééch settling may be necessary. Where other
ponds do exist and draining water cannot be treated by gravity dis-
charge, pumping may be necessary.v

Draining through an existing rearing pond or a new settling_poﬁd
can result in the removal of 80 percent of the settleable solids; This
is coﬁsidered a conservative figure because simple settling can remove
greater than 90 percent of the settleable solids.

Problems involved with this technology include land requirements
where additional pond construction is necessary, maintenance where
pumping equipment is used, and additional man-hours required for
harvesting.

The estimated time required for implementation is 22 months. This

estimate assumes that land must be acquired and a settiing pond constructed.

Obtain Funding ‘ 6 months
‘Acquire Land ' 6 "
Engineering Evaluation 4 "

& Design ) : _
Accept Bids & Award Contract 1 "
Construction 4 "
Operation Adjustment Period 1"

Non-Native Fish Culturing Systems

As one may conclude from Section V, tréatmeng of wastewater from
‘the non-native subcategory is aimed primarily at the control of biolo-

gical pollutants. Because non-native fish are pond cultured, two
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" assumptions can be made‘regarding the water quality of discharges with
respect to pollutants-other than biological pollutants. First, open
ponds operate as stabilization ponds settling, digesting and assimilating
pollutants such that the water discharged is of a quality similar to
overflow from native fisﬁ pohd culturing facilities. Second, discharges
during draining and harvesting activities (where harvesting is accom-
plished by seining) are similar in quality to draining dischérges from
native fish‘operations and are characterizgd by high concentrations of
suspended and settleable solids without appreciable chénge in the con-
centration of organic pbllutants. Because of the pubiic'health signi-
ficance of many of the organic pollutants from non-native operations,
sludge must not be disposed by application to crops raised for huméﬁ
consumption. ‘The three alternaﬁives presented in this éection are dis-
cussed in order of increasing efficiency in the removal of biclogical

pollutants.

Chlorination—-Chlorination.is a disinfection method in widespread
use for treating water and wastewater. Presently, chlorination is used
in treating discharges from non-native fish culturing facilities and for
in-plant disease control (33,102).

Biological pollution in pond drainage waters can be controlled by
batch chlorination. After harvesting, the pond is chafged with granular
chlorine to a dosage of 20 mg/l. After a minimum of 24~hours and when
no chlorine residual remains the pond can be drained without risk of
bilological contamination of surfacé waters.

The following problems and 1imi£ations are associated with chlorination.

To insure effective chlorination, adequate contact time and regular

monitoring of chlorine residual is necesséry. Batch treatment would be -
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most common, however, were continuous chlorination.used, preventive
maintenance wquld be necessary for reliablé equipment operation. The
primary limitations of chlorination are that at usual treatment levels
not all organisms are killed and a constant supply of chemicéls is
required. In addition, improper management,qf chlorine is hazardous
to humans and to living organisms in the receiving water (267).

The time required for the implementétion-of filtration ié estimatea
at 8 months. Land requirements are negligible, thus the foilowing

estimated time intervals do not include a period for land aquisition.

Obtain Funding 2 months
Engineering Evaluation and Design 2 "
Accept Bids and Award Contract -1 "
Construction 2 "
Operation Adjustment Period 1 "

Filtration and Ultraviolet Disinfection-~-This treatment alternative

consists of filtration followed by ultraviolet-(UV) disinfection. Fil-
tration is.presentiy used in a'number of non-native fish farms., Types
of filter media in-use include diatomacious earth, sand, gravel and
activated charcoal (44,62,218,22§).' In the caéé of granular media, a
coagulant may be added as the water enters the filter, and thé filter,
acts as a contact coagulation bed (5).

Filtration is an effeétive means of removing the larger and more
resistant biological pollutants which may not be destroyed by UV dis-
~ infection alone. Sand filtration traps most spores and bacteria (44).
A diatomaceous earth filter used on a large Florida non-native fish farm
removed all particies and organisms larger than a few microns (218).

This would include most parasites (111,112).

DRAFT |



158

Ultraviolet (UV) 1light or short wave length irradiation is used to
disinfect water in non-native fish culturing facilities (21,218) in
some large public aquaria>(61,108), and in research facilities (108).
Presently UV is used as an in-plant disease control measure but could
be applied as an end-of-process treatment method. In UV disinfection
a film of water, up to about 120 mm thick, is exposed fo light from
low-pressure mercury vapor lamps. The éhortwavelength irradiation is
believed to destroy the nucleic acids in bacterial cells (5).

The effectiveness of UV disinfection ;n reduciﬁg biological pol-
lutants has been documented. An ultraviolet system at}a non-native
fish culturing facility reduced total coliforms from 350 per ql to
2-5 per ml (21). At the Steinhart Aquarium, five months of operation
without UV resulted in a buildup of bacteria in the aeration tank fo
40,000 per mls aftgr one day of UV, the level was reduced to 57 pér
ml (108). Spores are more resistant to UV than vegetative cells (5,
however, standard UV doses of 35,000 milli—watt-sec;nds kill spores of

the bacterium Myxosoma cerebralis, a form resistant to chemical treat-

ment (111,112). ' Larger biological contaminants such as copepods, snails

fish or fish gill parasites are not killed by UV irradiation (61,208).
Several problems and limitations exist in filtration followed by

UV disinfection. With respect to filtration two major problems must be

considered. TFirst, filter backwash water is contaminated with biological

pollutants and must be disposed.of properly. Second, filters may clog

when suspended solids con;entrations become excessive due to algal

blooms or pond draining. Maintenance of associated mechanical equip-

ment is necessary.
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Furthermore, the following problems and limitations are associated
with the use of UV disinfec;ion. Effectiveness 1s dependent upon deliv-
ery of the energy to the entire volume of water to be disinfected. Tur-
bidity, algae, and color constitute natural barriers to ﬁhe penetration
of ultraviolet irradiations (5), thus thoroqgh water preconditioning is
required (256). The main limitation is that not all sizes of biological
pollutantsrare destroyed. 1In addition, under some conditions, complete
DNA cellular repair occurs in bacteria after UV disinfection. Mechanical
problems, including lamp burn out and power“failqres, would result in
interruption of treatment. Periodic and preventative maintenance would
also be necessary.

Time required for the implementation of filtration followed by UV

disinfection is 27 months as estimated below:

Obtain Funding . 6 months
Acquire Land - 6 "
Engineering Evaluation and Design 6 "
Accept Bids and Award Contract 1 "
Construction 6 "
Operation Adjustment Period 2 "

. No Discharge (Land ﬁisposal)-—No discharge as discussed here refers
to land disposal such that né discharge exists to surface water. No dis-
charge is presently practiced at both large (218) and very small (43)
non—natiﬁe fish f;rms and, assuming that control technology is required,
is the method most often recommended by representatives of the industry

(11,12,43,89,90,101,192,220) and other authorities (48,55,56,204,233,267).
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There is a trend toward increased water reuse thus reducing the volume
of water for disposal. Four methods bf land disposal are currently
used to achieve no\disaharge; irrigation, dry-Wells, percolétion ﬁonds
and drainfields used in conjunction with septic tamks. Dry wells

are most common in extreme southern Florid; {101). Percolat;on

ponds are typically shallow earth ponds‘const;ucted in pervious soil
and are in use in the Tampa Bay area of Florida (179). Septic tanks
with drainfield§ are in use for the disposal of effluents from non-
native fish culturing facilities in the Taﬁpa'Bay (12).and Miami (102)
areas of Florida.

Biologicai poliutaﬂts'are removed>by the natural filtering action
of the soil such that disinfection or other treatment is not considered
necessary prior to land disposal. However in cases where a shallow
ground water tabletor adjacent surface water exist, local authorities
may reqqire further treatment to protect water quality.

Problems associated with this technology include land requirements
and fLooding. Additional land may be required for land disposal. When
percolation ponds are used they must be protected against flooding to
prevent escapment of biological pollutants during peak flood or hurricane
periods; Three foot dikes are sufficient in the main production area of

Southern Florida (192,204).
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The estimated time required for the implementation of no discharge

is 18 months. The following estimated time intervals are included:

Obtain Funding 6 months
Acquire Land 6 "
Engineering Evaluation and Desien 2 "
Accept Bids and Award Contract , 1 "
Construction ' 2 "
Operation Adjustment Period i

Summary
The waste loads achievahle through the treatment technologies

'described are summarized in Table VII—19.
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TABLE VvII-19

POLLUTANT LOAD ACHIEVABLE THRU ALTERNATE TREATMENT TECHNOLOGIES

Treatment Suspended Settleableél Total
Technolopy BOD CoD Solids Solids NH4-N TKN NO3-N PO,-P
NATIVE FISH —— FLOW~THRU SYSTFMSEJ
No Treatment 1.3 5.5 2.6 0.8 ©0.09 - 0.38 0.06  0.03
Settling of . 1.1 - 2.2 0.7 - - - 0.03
Cleaning Flow : .
Vacuum Cleaning 1.1 - 2.2. 0.7 - - - -
Settling Entire 1.0 - 1.4 | <0.1 - - - 0.02
Flow w/o SR
Settling Entire 0.9 - 1.3 <0.1 0.09. 0.34  0.06 0.02
Flow w SR ' .
Stabilization Ponds 0.5 - 1.0 0.1 0.03. - 0.03 0.01
Aeration & Settling 0.5 - 1.0 <0.1 0.08.. - 0.05 - 0.03
S5-Hour '
Aeration & Settling 0.3 2.2 - <0.1 - - - -
10-Hour ‘
Recycle 0.1 < 0.3 <0.1 - 0.05 - - -
Reconditioning
NATIVE FISH -- POND DRAINIVGSI

No Treatment 5.1 31 157 5.5 © 0,39 0.78 0.41 0.13
In-Plant Control - - - 3.3 - - .- -
Settling - - - 1.1 - - - -

a/ Reported as ml/1
b/ Reported as kg/100 kg-fish on hand/day except for settleable solids’
c/ Reported as mg/l
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"SECTION VIII.

COSTS, ENERGY AND NON-WATER QUALITY ASPECTS

INTRODUCTION

The control and treatment teqhhologies.that can be adopted to reduce
was;e loads from the fish culturing indusfry.were presented in Section
VII. The purpose of this section is:to examine the treatment alternétives
in terms of their costs, energy requirements, and impact on the non-
water quality aspects of the environgent. Cost inforﬁation is presented

for each alternative by subcategory as follows:

Native Fish -- Flow-Thru Culturing Systems
A —- Settling of Cleaning Flow
B -~ Vacuum Cleaning
C -- Settling of Entire Flow Without Siudge Removal
‘D - Settigﬁg of Entire Flow With Sludge Removal
E -- Stabilization Ponds
F-- Aerafion and Settling (5 hours)
G -- Aeration and Settling (ld hours)

H -- Reconditioning

Nétive Fish -- Pond Culturing Systems
‘A -~ Draining at Controlled Raie
B -- Draining Through Another Pond
¢ -- Harvesting Without Draining

Non-Native Fish

A —-- Chlorination
B -—— Filtration and Ultraviolet Disinfection

C -- No Discharge With Land Disposal
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In each case, the generation of costs has required the adoption
of various assumptions about typical size operations, existing treatment
technology,  levels of production and many other conditions. Two general
assumptions have been made cbncerning land and power costs for ali sub-
categories; land costs have been calculated at $2,000 per acre and
power costs haye*been calculated at $0.025 per kilowatt-hour. For
each alternative an attempt has been made to state explicitly the major
assumptions in order to improve comprehension and provide the basis

for subsequent review and evaluation.

NATIVE FISH -~ FLOW-THRU CULTURING SYSTEMS

Eight levels of control and treatment technologies have been identi-
fied. Base level of practice is assumed to be oﬂce through flow, with.
no treatment, All costs and‘effects are evaluated using the base level
of practice as zero-éost. Climate, process characteristics, and age of
facility were not considered meaningful for the purposes of making cost
distinctions. Size, however, was considered significant and costs
were developed for four scales of operation: 3,785; 37,850; 94,600
and 378,500 mafday (1, 10, 25 and 100 mgd) facilities. The following

capacities were used in estimating the cost per pound of fish for this

subcategory:
Hatchery Flow Fish Produced
m3/day mgd kg 1b
3,785 1 2,200 4,860
37,850 10 22,000 48,600
94,600 25 55,300 122,000
378,500 100 220,000 486,000
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Several other assumptions specific to this subcategory are made.
First, it is assumed that pumping is necessary to operate treatment
facilities at elevations above flood levels. Secondly, it is assumed
that major piping modifiéations are necessary to collect discharges
for treatment. Sludge handling costs are estimated assuming wet sludge
removal and hauling at $O.62/m3 ($0.80/yd3) and disposal at $5.44/m. ton
($6/ton). |

The césﬁ estimates also rely on a number of detailed assumptions
that remain unstated in this document because it is believéd that they

are not critical to the acceptance or rejection of the estimates.

Alternative A —— Settling of Cleaning Flow

Cost estimates for Alternative A are presented in Table VIII-1.
. In addition to the previously stated geheral-assumptions, estimates
are based on.the construction of .an earth settling basin with a one-hour

detention time and depth of 1.8 meters (6 ft).

Alternative B —- Vacuum Cleaning

In computing the cost estimates for Altgrnative B [Table VIII-2]
it waé assumed that settled solids would be pum?ed from the culturing
units directly to a batéh settling basin such that intermediate pumping
would not be necessary, The pumping rate during vacuuming was esti-

mated at 3.2 1/sec (50 gpm).

Alternative C -- Settling of Entire Flow: Without Sludge Removal
The estimated costs of Alternative C are indicated in Table VIII-3.

For purposes of the cost estimate it is assumed that two earth settling
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TABLE VIII-1
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE A, COST ESTIMATES

. HATCHERY ‘FLOW
3,785 m>/day 37,850 m>/day 94,600 m>/day 378,500 m>/day

(1 mgd) (10 mgd) (25 mgd) ] (100 mgd)
CAPITAL COSTS: : ’
Pumping Facilities $ 4,100 $ 5,600 $ 7,500 $ 10,000
Settling Pond 550 1,000 1,800 4,000
Piping 2,250 . 4,000 6,000 9,000
TOTAL COST $ 6,900  $ 10,600 $ 15,300 $ 23,000
ANNUAL OPERATION AND
MAINTENANCE COSTS: )
Sludge Handling $ 300 $ 1,200 3 3,380 $ 8,000
Labor 960 _ 1,440 1,920 _ 3,000

TOTAL COST $ 1,260 S8 2,640 $ 5,300 $ 11,000

ANNUAL ENERGY AND
POWER COSTS:
Energy and Power $ . 30 $ 250 $ ‘800 $ 1,750

ANNUAL COSTS:

Capital. ) $ 550 $ 850 $- 1,250 $ 1,850
Depreciation - 360 530. 770 1,150
Operation and Maintenance 1,260 2,640 © 5,300 11,000
Energy and Power 30 250 ‘800 1,750

TOTAL ANNUAL COST $ 2,200 § 4,270 $ 8,120 $ 15,750

COST PER KILOGR%V OF :
FISH PRODUCED— ) $ 0.99 $ 0.20 $ 0.15 $ 0.07

COST PER POUND QF , - :
FISH PRODUCED= $  0.45 S 0.09 s 0.07 s 0.03

a/ For production figures refer to the introductory paragraph -of Native Fish —-- Flow-Thru
Culturing Systems portion of Section VIII.

DRAFT



. 167

TABLE VIII-2
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE B, COST ESTIMATES

HATCHERY FLOW
3,785 m3/day 37,850 m3/day 94,600 m3/day 378,500 m3/day

(1 mgd) (10 mgd) (25 mgd) (100 mgd)
CAPITAL COSTS: ' ' ‘
Vacuuming and Piping ° $ 1,750 $ 6,200 $ 8,900 - $ 19,000
Settling Pond - 200 - 600 1,000 : 2,500
TOTAL COST $ 1,950 $ .6,800 $ 9,900 $ 21,500
ANNUAL OPERATION AND
MAINTENANCE COSTS: : .
Sludge Handling $ 300 $ 1,200 $ 3,380 $ 8,000
Labor . 1, 440 2,450 3,870 6,800
TOTAL COST $ 1,740 8 3,650 $ 7,250 $ 14,800
_ ANNUAL ENERGY AND
POWER COSTS: )
Energy and Power $ 30 $ 250 $ 800 $ . 2,000
ANNUAL COSTS:
Capital $ 160 $ - 540 $ 720 $ 1,720
Depreciation 100 340 . 450 . 1,080
Operation and Maintenance 1,740 3,650 . 7,250 14,800
Energy and Power 30 250 . 800 2,000
THTAL ANNUAL COST $ 2,030 $ 4,780 $ 9,220 $ 19,600
COST PER KILOGRéy OF . : i .
FISH PRODUCED— $ 0,92 $ . 0,22 $ - 0,18 $ 0.09
COST PER POUND g;
FISH PRODUCED— $ 0.42 $ 0.10 $ 0.08 $  0.04
a/ For production figures refer to the introductory paragraph of Native Fish -- Flow-Thru

Culturing Systems portion of Section VIII,
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TABLE VIII-3
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE C, COST ESTIMATES

. HATCHERY FLOW .
3,785 m>/day 37,850 m3/day 94,600 m>/day 378,500 m>/day

(1 mgd) (10Amgd) (25 mgd) (100 mgd)
CAPITAL COSTS: »

Pumping Facilities. -$ 5,000 $ 14,500 $ 24,000 $ 45,000
Settling Ponds ’ 1,350 10,600 20,700 70,000
Piping ‘ 3,100 12,700 34,500 70,000
TOTAL COST . $ 9,450 $ 37,800 $ 79,200 $ 185,000

ANNUAL OPERATION AND

MAINTENANCE COSTS:
Sludge Handling $ 1,200 $ 12,000 $ 28,500 $ 75,000
Labor 960 1, 440 1,920 7,000

TOTAL COST $ 2,160 “$§ 13,440 $ 30,420 $ 82,000

ANNUAL ENERGY AND
POWER COSTS:
Energy and Power $ 490 $ 4,900 $ 11,750 $ 30,000

ANNUAL COSTS:

Capital . $ 760 -8 3,000 - §° 6,350 $ 15,000
Depreciation 470 ' 1,900 3,950 ’ 9,200
Operation and Maintenance 2,160 13,440 " 30,420 82,000
Energy and Power 490 4,900 11,750 30,000

TOTAL ANNUAL COST $ 3,880 $ 23,240 $. 52,470 $ 136,200

COST PER KILOGR%? OF
FISH PRODUCED— $ 1.76 $ 1.06 $ 0.95 $ 0.62

COST PER POUND OF
a

FISH PRODUCED— $ 0.80 $ 0.48 $ 0.43 $ 0.28

a/ For production figures refer to the introductory paragraph of Nativé Fish -~ Flow-Thru
Culturing Systems portion of Section VIIL.
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basins, operated in parallel, would provide a total detention'time of

two hours with a depth of 1.8 meters (6 ft). Although no attempt would
be made to remove sludge before bacterial decomposition takes place, it
is recognized thag over the iong term sludge removal would be necessary
at six-month to.one—yeér intervals. The operation and maintenance cost

for sludge handling assumed a removal interval of six months.

Alternative D -- Settling of Entire Flow With Sludge Removal

The estimated costs of fhis altgrnative are tabulated in Table
VIII—4, Similar to the previous alternative; costs for Alternative D
are estimated for two earth settling basins, ope;ated in parallel,
providing a total detention time of two hours with a depth of 1.8 ﬁeters
(6 ft). Sludge is removed before bacterial decoméosition has the oppor-
tunity to affect effluent water quality. It is estimated that during

the course of a year, sludge would be removed 12 times.

Alternative E -- Stabilization Ponds

The costs of implementing Alternative E have been estimated and are
presented in Table VIII-5. Estimates are based on duel earth stabili-
zation ponds operated in parallel with a total detention time of four

days and a depth of 2.4 meters (8 ft).

Alternative F —— Aeration and Settling (5 hours)

Cost éstimates'for Alternative F are indicated in Table VIII-6.
Estimates are based on an aeration time of 1-1/2 hours followed by 3-1/2
hours of settling. The aeration basin was assumed to be of earth

construction 3.7 meters (12 ft) in depth. Two earth settling basins,
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TABLE VIII-4
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE D, COST ESTIMATES

HATCHERY FLOW
3,785 m>/day 37,850 m>/day 94,600 m>/day 378,500 m>/day

(1l mgd) (10 mgd) (25 mgd) 4 (100 mgd)

CAPITAL COSTS: : -
Pumping Facilities $ 5,000 . $ 14,500 $ 24,000 $ 45,000
Settling Ponds , 1,350 10, 600 20, 700 70,000
Piping 3,100 12,700 34,500 70,000

TOTAL COST $ 9,450 . $ 37,800 $ 79,200 $ 185,000

ANNUAL OPERATION AND
MAINTENANCE COSTS: ’ )
Sludge Handling $ 1,300 - § 13,500 $ 32,000 $ 84,000

Labor 1,760 2,640 "~ 3,500 10,000

TOTAL COST $ 3,060 .$ 16,140 $ 35,500 $ 94,000

ANNUAL ENERGY AND
POWER COSTS:
Energy and Power $ 550 $ 5, 500 $ 12,450 - $ 33,000

ANNUAL COSTS:

Capital $ 760 $ 3,000 $ - 6,350 $ 15,000
Depreciation 470 1,900 3,950 : 9,200
Operation and Maintenance 3,060 16,140 35,500 94,000
Energy and Power 550 5, 500 12,450 33,000

TGTAL ANNUAL COST $ 4,840 § 26,540 $ 58,250 $ 151,200

COST PER KILOGR%? OF .
FISH PRODUCED— $ 2,20 $ 1.21 $ 0.95 $ 0.68

COST PER POUND g? .
FISH PRODUCED— $ ‘ 1.00 $ 0.55 $ 0.48 $ 0.31

a/ For production figures refer to the introductory paragraph of Native Fish -~ Flow-Thru
Culturing Systems portion of Section VIII.
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TABLE VIII-5

NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE E, COST ESTIMATES

HATCHERY FLOW
3,785 m3/day 37,850 m3/day 94,600 m3/day 378,500 m3/day .

(1 mgd) (10 mgd) (25 mgd) (100 mgd)
CAPITAL COSTS:
Pumping Facilities $ 5,000 $ 14,500 $ 24,000 $ 45,000
Stabilization Pods 34,000 160,000 . 320,000 600,000
Piping 13,000 12,700 34,500 70,000
TOTAL COST $ 52,000 - $ 1&7,200 $ 378,500 - § 715,000
ANNUAL OPERATION AND
MAINTENANCE COSTS:
Labor $ 2,000 $ 3,000 $ 5,000 $ 8,000
ANNUAL ENERGY AND
POWER COSTS: )
Energy and Power $ 260 $ 2,600 $ 6,250 $ 20,000
ANNUAL COSTS:
Capital $ 4,150 $ 15,000 $ 30,300 $ 57,000
Depreciation 2,600 9,360 - 21,000 36,000
Operation and Maintenance 2,000 3,000 5,000 8,000
Energy and Power 260 2,600 ~ 6,250 20,000
TOTAL ANNUAL COST $ 9,010 $ 29,960  $ 62,550 $ 121,000
COST PER KILOGR%% OF ’
FISH PRODUCED— $ 4,07 $ 1.36 $ 1.12 $ 0.55
COST PER POUND g
FISH PRODUCED— $ 1.85 $ 0.62 - $ 0.51 $ 0.25
a/ For prdduction figures refer to the introductory paragraph of Native Fish —-- Flow-Thru

Culturing Systems portion of Section VIII.
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TABLE VIII-6
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE F, COST ESTIMATES

HATCHERY FLOW ;
3,785 m>/day 37,850 m>/day 94,600 m>/day 378,500 m>/day

(1 mgd) (10 mgd) (25 mgd) (100 mgd)
CAPITAL COSTS: . _ , )
Pumping Facilities $ 5,000 $° 14,500 $ 24,000 $ 70,000
+ Aeration Equipment ~ 45,000 235,000 485,000 750, 000
Aeration Ponds - 1,350 10,600 20,700 70,000
Settling Ponds 1,850 15,500 31,200 80,000
Piping 5,100 23,700 64,500 95,000
TOTAL COST $ 58,300 ) $ 299,300 - $ 625,400 $1,065,000
ANNUAL OPERATION AND
MAINTENANCE COSTS:
Sludge Handling $ 1,600 $ 16,500 $ 40,000 $ 100,000
Labor = 1,760 2,640 3,500 5,000
Aeration Maintenance 2,000 : 4,000 6,000 15,000
TOTAL COST $ 5,360 $ 23,140 $ 49,500 $ 120,000
ANNUAL ENERGY AND
POWER COSTS: ’ '
Energy and Power $ 1,000 $ 10,000 - $ 25,000 $ 70,000
ANNUAL COSTS: , o . '
Capital $ 4,650 $ 24,000 $ 50,000 $ 85,000
Depreciation 2,860 15,000 31, 300 53,000
Operation and Maintenance 5,360 23,140 49,500 120,000
Energy and Power 1,000 10,000 25,000 ’ 70,000
TOTAL ANNUAL COST $ 13,870 $ 72,140 $ 155,800 . $ 328,000
COST PER KILOGRév OF
FISH PRODUCED— $ 6.27 $ 3.26 $ 2.82 $ - 1.47
COST PER POUND g? .
FISH PRODUCED— ) $ 2.85 $ 1.48 $ 1.28 $ 0.67
a/ For production figures refer to the introductory paragraph of Native Fish -- Flow-Thru

Culturing Systems portion of Section VIII.
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1.8 meters (6 ft) deep, operating in parallel were assumed. The assumed
air supply was 1.9 liters of air per liter of aeration tank volume (0.25

cu ft/gal.).

Alternative G -~ Aeration and Settling (10 hours)

Estimated costs for Alternative G are presented in Table VIII-7.
All assumptions are identical to Alternative F with the exception of
detention time. Alternative G is based on 2 hours aeration followed by

8 hours settling.

Alternative H -— Reconditioning

Cost estimates for Alternative H are presented in Table VIII-8.
The estimages are baséd on a nine-pass reconditioning system receiving
10 percent makeup water and wasting 10 percent from the system. Costs
for settling assumed the use of a concrete clarifier with mechanical
sludge removal, Fiitration figﬁres assume a 1.5 meter (5 ft) filter
media depth and a loading rate of 1.4 lps/m2 (2“gpm/ft2). Reaeration is
estimated for 10 minutes detentién time. :

Cost of Achieving Best Praéticable Control Technology Currently Avail-
able (BPCTCA)

The BPCTCA has been recommended as either of two techmologies —-
settling of the cleaning flow with sludge removal (Alternative A) or
vacuum cleaning of the culturing units (Alternative B). The costs of

achieving BPCTCA are presented in Tables VIII-1 and VIII-2,
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TABLE VIII-7
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE G, COST ESTIMATES

HATCHERY FLOW
3,785 m3/day 37,850 m3/day 94,600 m3/day 378,500 m3/day

(1 mgd) (10 mgd) (25 mgd) (100 mgd)
CAPITAL COSTS: | _, ' . '
Pumping Facilities $ 5,000 $ 14,500 - $ 24,000 $ 70,000
Aeration Equipment 46, 500 245,000 515,000 800,000
Aeration Ponds 1,850 15,200 33,000 90,000
Settling Ponds 3,550 34,000 69, 000 140,000
Piping 5,100 - 23, 700 64,500 95,000
TOTAL COST $ 62,000 5 332,400 § 705,500 $1,195,000
ANNUAL OPERATION AND
MAINTENANCE COSTS: ] . . :
Sludge Handling $ 1,600 $ 16,500 $ 40,000 $ 100,000
Labor . o 1,760 ' 2,640 3,500 5,000
Aeration Maintenance 2,000 4,000 6, 000 . 15,000
TOTAL COST $ 5,360 $ 23,140 $ 49,500 $ 120,000
ANNUAL ENERGY AND
POWER COSTS: :
Energy and Power 5 1,000 § 10,000 $ . 25,000 $ 80,000
ANNUAL COSTS:
Capital $ 4,950 $ 26,500 $ 57,000 $ 95,000
Depreciation _ 3,100 16,500 35,000 ~ 60,000
Operation and Maintenance = - 5,360 23,140 49,500 120,000
Energy and Power 1,000 10,000 25,000 80, 000
TOTAL ANNUAL COST 75 14,410 . § 76,140 $ 166,500 $ 355,000
COST PER KILOG oF :
FISH PRODUCEDS' ' $ 6.53 $ 3.45 $ 2.99 $ 1.61
COST PER POUND gy .
FISH PRODUCED= $ 2,97 $ 1.57 $ 1.36 $ 0.73
a/ For production figures refer te the introductory paragraph of Native Fish -- Flow-Thru

Culturing Systems portion of Section VIII.
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TABLE VIII-8
NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
ALTERNATIVE H, COST ESTIMATES

. HATCHERY FLOW
3,785 mo/day 37,850 mS/day 94,600 m>/day 378,500 m>/day

(1 mgd) (10 mgd) (25 mpd) (100 mgd)
CAPITAL COSTS: .
Clarifier $ 90,000 $ 250,000 $ 400,000 $ 700,000
Nitrification Filte 50,000 300,000 700,000 1,000,000
Reaeration ‘ 110,000 250,000 600,000 - 800,000
Ozonation 55,000 195,000 380,000 750,000
Sludge Holding Tank ' 20,000 20, 000 20,000 | 50,000
Pumps 10,000 .. 30,000 75,000 200,000
Piping 5,100 23,700 . 64,500 100, 000
Land 1,000 2,000 4,000 6,000
TOTAL COST $341,100 $1, 070,000 $2,240,000 $3,621,000
ANNUAL OPERATION AND
MAINTENANCE COSTS:
Sludge Handling ] $ 2,070 $ 17,500 $ 46,000 $ 130,000
Labor 15,000 30,000 45,000 60,000
TOTAL COST $ 17,070 $ 47,500 $ 91,000 $ . 190,000
ANNUAL ENERGY AND
POWER COSTS: :
Energy and Power $ 1,550 $ 14,500 $ 35,000 $ 100,000
ANNUAL COSTS: :
Capital $ 27,300 $ 85,000 $ 180,000 $ 290,000
Depreciation 17,000 53,500 112,000 -180,000
Operation and Maintenance 17,070 47,500 91,000 190,000
Eriergy and Power 1,550 14,500 35,000 100,000
TOTAL ANNUAL COST $ 62,920 $ 200,500 $ 418,000 A $ .760,000
COST PER KILOCRAM/OF ’
FISH PRODUCED & $ 28,49 $ 9,09 $ 7.55 $ 3.43
COST PER POUND Og/ _ ) ] :
FISH PRODUCED = $ 12.95 $ 4,13 $ 3.43 $ 1.56

a/ For production figures refer to the introductory paragraph of Native Fish -- Flow-Thru
Culturing Systems portion of Section VIII. :
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Cost of Achieving Best Available Technology Economically Achievable
(BATEA)

The BATEA has been recommended as settling of the entire flow with
sludge removal. The costs of achieving BATEA are presented in

Table VIII-4,

Cost of Achieving New Source Performance Standards (NSPS)

The NSPS technology is the same as BATEA. :The cost of implementing

NSPS is also presented in Table VIII-4,

Cost of Achieving Pretreatment Requirements (PRETREAT)
Pretreatment of wastewaters from fish culturing facilities is not
necessary. Therefore the costs are zero for achieving pretreatment

requirements for existing and new sources.

NATIVE FISH -- POND .CULTURING SYSTEMS

The effluent liﬁitations fdr BPCTICA for pond culturihg systems can
be met by at least three technologies which are: A) Draining from the
surface at a controlled rate to ailqw settling in the pond; B) draining
through another pond; and C) harvesting without draining. 'The base
tevel of practice inbthe industry is no qontrol.

Depending on the particular circumstances of the operation, any
one of these three methods might provide the least cost method of
achieving the BPCTCA requirements. in some instances, the topography
and land availability will allow the construction of a gravity fed
earthen settling basin at an elevation below all of the production

ponds. In other cases, the proprietor may find it least costiy to
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convert a production pond for use as a settling pond. Some ponds are
constructed in suchra way that har#esting without .draining is already
practiced or could readily be adopted. Harvesting without draining is a
possibility in shallow pbndé and those that have feeding areas that can
be readily closed off from the rest of the pond. Finally, in many
cases, the least cost apéroach toward achieving BPCTCA requirements may
be the constructién of a new outlet structure that allows controlled
draining from the pond surface.

Costs have been estimated only for thenconstructioﬁ of é new outlet
structure [Table VIII—9]; Costs hﬁve been developed on the basis of a
0.405 hectare (one acre) pond producing 1,820 kg (4,000 1b) of fish per
year. The costs are based upon the construction of a concrete outlet
structure thét allows controlled draining by means of dam boards. These
costs represent ﬁhe~largest expenditurg a pond culturing facility would
incur in order to c&mply with BfCTCA;’ Whereas settling or harvesting
without draining may be economically desirable or techhically feasible
in only certain situations, éontrolled drainage from the surface could
Se adopted in all cases.

Cost of Achieving Best Available Technology Economically Achievable
(BATEA) ‘

The BATEA is the same as BPCTCA. The incremental costs ofnachiev—

ing BATEA above those of BPCTCA are zero.

Cost of Achieving New Source Performance Standards (NSPS)

The NSPS requirements aré identical to BPCTCA. Costs to achieve
NSPS may be somewhat less than those for BPCTCA for existing sources but

not by an appreciable amount.
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TABLE VIII-9

NATIVE FISH -- POND CULTURING SYSTEMS
ALTERNATIVE A, COST ESTIMATE

CAPITAL COSTS:
Site Preparation
Piping Modifications
Outlet Structure

TOTAL COST

ANNUAL OPERATION AND MAINTENANCE COSTS-:
Labor
2 Percent Fish Loss*

TOTAL COST

ANNUAL ENERGY AND POWER COSTS:
Energy and Power

ANNUAL COSTS: -
Capital
Depreciation
Operation and Maintenance
Energy '

TOTAL ANNUAL COSTS

'COST PER KILOGRAM OF FISH PRODUCED
COST PER POUND OF FISH PRODUCED

* Based on $0.44 1b value of live fish (269).
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300
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35

$ 195 .
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Cost of Achieving Pretreatment Requirements (PRETREAT)

Should waters from native fish pond culturing systems be diécharged
to a municipal system, they would require no pretreatment. The cost of

pretreatment would be zero.

NON-NATIVE FISH CULTURING SYSTEMS

Alternative A -- Chlorination

The cost for chlorination is developgd on ﬁhe basis of batch treat-
ment of a typical pond 18 mx 7.6 mx 1.8 m deép (60 ft x 25 ft x 6 ft)
Frequency of draining depends upon many factSrs‘including type of fish-
being culturéd and the ability of the pond to sustain production. For
cost pufﬁoses it has been assumed that the pond.is drained an average of
once per year. Finally, the costs of control per unit of production are
reportéd on the basis of 10,000 fish per typical pond per year. It is
assumed that stocks of granular chlorine can be stored in existing area§
not requiring investment fd? storage facilities. The cost estimates for

Alternative A are presented in Table VITII-10.

Alternative B —— Filtration and Ultraviolet Disinfection

Costs for this technology have been developed on the bésis of a
system combining a standard swimmiﬁg‘pool-type diatomaceous ear£h filter
with an-ultraviolet purifier. The culturing system consists of ten
ponds with an average size of 18 m x 7.6 m x 1.8 m deep (60 ft x 25 ft x
6 ft). Ponds are assumed to be drained once per year and to have an

-annual production of 10,000 fish per pond. For purposes of flow rate it
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TABLE VIII-1O

NON-NATIVE FISH CULTURING SYSTEMS
ALTERNATIVE A, COST ESTIMATE

CAPITAL COSTS:

ANNUAL OPERATION AND MAINTENANCE COSTS:
Labor
Chlorine

TOTAL COST
ANNUAL ENERGY AND POWER COSTS:

ANNUAL COSTS:
Capital
Depreciation
Operation and Maintenance
Energy and Power

TOTAL ANNUAL COSTS

COST PER FISH PRODUCED
Production of 10,000/pond/yr

DRAFT
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$ 40
50
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90
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is assumed that only one pond is drained at any time and that the drain-
ing takes place over a périod of 24 hours. Owing to the relative small
size of the proﬁosed treétment system, no costs are assigned to the
space occupied by the control equipment. The estimated costs for a
diatomaceous earth filter-UV system for a ten-pond non-native fish

culturing operation are presented in Table VIII-1l1.

Alternative C -— No Discharge With Land Disposal

The viable approaches to land disposal are the application of pond
drainage water to the land at irrigation rafes'or at pond percolation
rates.depending upon the availability of 1and‘and the local -soil drain-
"age characteristics. Costs have been developea for each of these
alternatives employing conservative assumptions about soil character-
istics,

The cost estimates have been developed for the same typical ten-
pond system assumed in Alternative B. In the case of #hé irrigatidn_altern—
ative, a one-day application of 631 cubic meters per hectare (67,500
gal./acre) ten times per year has been assumed. This rate is equiv-
alent to about 63.5 cm (25 in.) of water per year and would allow
the drainage of each of the ten ponds once per year. Approximately
0.405 heétare (one acre) of land would be required.

'The infiltration-percolation alternative requires the presence of
deep, continuous deposits of coarse-textured soils without impermeable
barriérs; the soil must have higﬁ hydraulic conductivify to permit rapid
.movement of applied liquids. Systems.héve been operated for secondary

effluent with application rates as high'as 61 m (200 ft) of water per
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TABLE VIII-11

NON-NATIVE FISH CULTURING SYSTEMS
ALTERNATIVE B, COST ESTIMATE

CAPITAL COSTS:
Diatomaceous Earth Filter
Ultraviolet Disinfection
Piping
Surge Tank

TOTAL COST

ANNUAL OPERATION AND MAINTENANCE COSTS:
Labor
Diatomaceous Earth

TOTAL COST

ANNUAL ENERGY AND POWER COSTS:
Energy and Power

ANNUAL COSTS:
Capital
Depreciation
Operation and Maintenance
Energy and Power

TOTAL ANNUAL COST

COST PER FISH PRODUCED
Production of 10,000/pond/yr

DRAFT

$1,100
2,700
1,100

1,100

$6,000

S 800
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$ 900
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600
900

20

$2,120
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year. In some cases rates have been as low as 21 m (70 ft) of water per
year for primary effluents. For purposes of cost estimation, an applic;
. ation rate of 30 m (100 ft) per year has been assumed. This rate trans-
lates to an application of 33m (10 ft) per drainihg. The infiltration-
percolation rate for each pond draining would be 3 m (10 ft) and a
percolation pond of about 0.1 hectare (0.25 acre) size would be neces-
sary.

Based on these assumptions, the costs for the two alternative
.methods of landzdisposaliappear in Table VIII—iZ.

Cost of Achieving Best Practicable Control Technolqu Currently
Available (BPCTCA)

The BPCTCA has been recommended as no discharge of process wastewater
pollutants. The BPCTCA is to be achieved by land disposal via an irri-
gation or an infilfration—percolation system. The costs for these

systems appear in Table VIII-12.

Cost of Achieving Best Available Technology Economlcall Achievable
(BATEA) _

The BATEA is the same as BPCTCA. Therefore, the costs of achieving

BATEA above those of achieving BPCTCA are zero.

Cost of Achieving New Source Performance Standards (NSPS)

The NSPS technology is the same as BPCTCA. The costs of NSPS

appear in Table VIII-12 presented earlier.
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TABLE VIII-12

NON~NATIVE FISH CULTURING SYSTEMS
ALTERNATIVE C, COST ESTIMATE

CAPITAL COSTS:
Land
Earthwork
Pump and Piping
Hose

TOTAL COST

ANNUAL OPERATION AND MAINTENANCE COSTS:

Labor

ANNUAL ENERGY AND POWER COSTS:
Energy and Power

ANNUAL COSTS:
Capital
Depreciation
Operation and Maintenance
Energy and Power

TOTAL ANNUAL COST

COST PER FISH PRODUCED
Production of 10,000/pond/yr

DRAFT

Spray Percolation
Irrigation Pond
'$2,000 $ 500
00 6,000
1,300 2,800
1,500 Q0
$4,800 $9,300
$1,600 $1,200
$ 25 $ 10
$ 580 . $ 930
560 560
© 1,600 1,200
25 10
$2,765 $2,700
$0.028 $0.027
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Cost of Achieving Pretreatment Requirements (PRETREAT)
Wastes from fish culturing ponds are organic in nature and pollu-
tants are not present in concentrations that require pretreatment. The

costs of achieving pretreatment for existing and new sources are zero.

SUMMARY
To facilitate comparison, the costs for each treatment alternative -

discussed in this section-are summarized by subcategory in Table VITI-13.

ENERGY REQUIREMENTS OF ALTERNATIVE TREATMENT,TECHNOLOGIES

Fish production is a very low energy gonsuming industry. The'only
energy consumed at most oberations is thatAreqdired for building heating
and lighting. Some facilities use well water requiring energy té oper#ie
pumping equipment. The great majority of fish culturing facilities,
however, use surface water that flows by gravity through rearing units.
Automatic feediﬁg eduipment thaﬁ requires very small amQunts of energy
is sometimgs used. Manual feeding 1s usually accomplished by walking
or driving along the edge of the éulturing unité and broadcasting feed‘
by hénd.

Annual energy and power costs have been estimated [Tables VIII-1
through 12] for the alternatives preseﬁted for each subcategory. For
native fish -- flow-thru culturing systems Alterpatives A through E,
power costs are composed almost entirely of energy consumed in pumping
prior to treatment. Alternatives A or B were selected as BPCTCA and
Botﬁ have very low pumping costs because only a fraction of the flow is
treated. Energy requirements for Alternatives F, G and H are high due

to the dependence upon mechanical equipment.
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TABLE VIII-13

* .
COST ESTIMATES FOR ALTERNATE TREATMENT TECHNOLOGIES:

NATIVE FISH -- FLOW-THRU CULTURING SYSTEMS
Hatchery Flow’
3,785 m>/day 37,850 m/day  94,600°m>/day” 378,500 m>/day
Alternative ) (1 mgd) (10 mgd) (25 mpd)- (100 mgd)’

— SETTLING OF CLEANING FLOW 0.99° 0.20 0.15 0.07
: (0.45) (0.09) (0.07) (0.03)-

—- VACUUM CLEANING 0.92 0.22. 0.18 0.09
(0.42) (0.10) (0.08) (0.04)-

—- SETTLING OF ENTIRE FLOW . 1.76 1.06. 0.95: 0.62
. WITHOUT SLUDGE REMOVAL (0.80) (0.48) (0.43) (0.28)
— SETTLING OF ENTIRE FLOW 2.20 1.21 0.95 0.68
WITH SLUDGE REMOVAL (1.00) (0.55) (0.48) 0.31)

-~ STABILIZATION PONDS 4.07 1.36. 1.12. 0.55"
(1.85) (0.62) (0.51) (0.25y

— AERATION AND SETTLING 6.27 3.26 2.82 1.47
(5 HOURS) : (2.85) (1.48) (r.28) (0.67)

-- AERATION AND SETTLING 6.53 3.45 2.99. 1.61
(10 HOURS) . (2.97) (1.57). (T.36) (0.73)

—- RECONDITIONING 28.49 9.09 7.55 3.43
(12.95) (4.13)" (3.43) (1.56)

NATIVE FISH -- POND CULTURING SYSTEMS
-- DRAINING AT CONTROLLED RATE : 0.29
(0.13)
—- DRAINING THROUGH ANOTHER POND -

—~ HARVESTING WITHOUT DRAINING -

RON-NATIVE PISH

-~ CHLORINATION 0.01
~- PILTRATION AND ULTRAVIOLET DISINFECTION 0.02
~— NO DISCHARGE WITH LAND DISPOSAL 0.03

Costs are in terms of cost per kilopram (pound) of fish produced for native fish and. cost per fish

for non~native fish. X :
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For native fish-pond culturing systems, annual energy and power
costs are zero [Table VIII-9]. Energy and power requirements for
non-native fish culturing system alternatives are negligible [Table

VIII-10 to Table VIII-12].

NON-WATER QUALITY ASPECTS

Non-water quality aspects for each alternative treatment technology:
have been identified and discussed in Section ViI. ‘Sludge disposal is
the only non-water quality consideration of significance in terms of
-environmental impact.

Sludée resulting from treatment alternatives for the nativé fish --
flow-thru subcategory is primarily organic in néture and high in oxygen
demanding constituents. On the other hand, sludge from pond draining in
the native and non-native fish subcategories is characterized by high
levels of inorganic.éélids. In either case this material is of value as
a fertilizer or soil conditioner and as such can have a positive environ-
mental imbact if properly handled. Sludge may be spread 5n agricultural
land or used as a home lawn or garden fertilizer. Aesthetically, fish
waste solids should not be any less desirable as a fertilizer than
manure from othef agricultural activities. It should be mentioned,
however, fhat wastes from non-native fish culturing actiﬁities should
not be applied to edibie crops due to the.possibility of contamination
from pathogenic organisms.

To identify the magnitude oflthe sludge handling problem, sludge
volumes havé been es;imated for each alternative in the native-flow-

thru subcategory. These volumes are presented in Table VIII-14 for a
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TABLE VIII-14

SLUDGE VOLUMES-NATIVE FISH -- FLOW-THRU
CULTURING SYSTEM ALTERNATIVES ‘

Alternative | Sludge Volume*
Technology -Per Day
liters cu ft
A 136 4.8
B 136 4.8
c - 294 10.4
D 329 '11.6
E 0 0
F 394 13.9
| G 524 18.5
H B 589 20.8

* Based on flow of 3,785 ma/day (1 mgd) and sludge moisture
content of 90 percent.
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3,785 m3/déy (1 mgd) flow. The volume of siudge resulting from pond
culturing of native and non-native fish is dependent to a large degree
on the type of soil in which the ponds are consfructed. Due to the
small volume of sludge ffomxpond culturing as compared to flow-thru
systems, and the inorganic nature of the material, disposal is usually

accomplished on site without measurable environmental impact.
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SECTION IX.
EFFLUENT REDUCTION ATTAINABLE THROUGH THE

APPLICATION OF THE BEST PRACTICABLE CONTROL TECHNOLOGY
CURRENTLY AVAILABLE

INTRODUCTION

The effluent limitations which must be achieved by July 1, 1977,
specify the degree of effluent reduction attainable through applica-
tion of the Best Practicable'QontrolvTechnologf Currently Available
BPCTCA). The Best Practicable Control Technology Currently Available
is generally based upon the average of the best existing performance
by plants of various sizes, ages and uniﬁ processes within the in-
dustry. This average is not based upon a broad range of plants with-

in the fish culturing industry, but upon performance levels achieved
'by exemplary plants. In industrial cétegories where present control
and treatment pracf;ces are uniformly inadequate, a higher level of
control than any currently in pléce may be required>if the technology
to achieve such higher level can be practicably applied by July 1, 1977.

In establishing BPCTCA effluent limitations guidelines, consider-
ation must also be given to:

1. The total cost of application of technology in relation"

- to the effluent reduction benefits to be achieved from
such application;

2. The age and size of equipment and facilities involved;

3. The processes employed;

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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4. The engineering aspects of the application of various
types of control techniques;

5. Process changes;

6. Non-water quality environmental impact (including energy
requirements).’

Best Practicable Control Technology Currently Available empha-
sizes treatment facilities at the end of manufacturing processes,
but includes control techneglogies withiﬁ the process itself when
the latter are consideredlfo be normal practice within an industry.
A further consideration is the degree of economic and engineering
reliability which must be established for the-technology to be
"currently available." As a result of demonstration projects, pilot
plants, and general use, there must exist a high degree of confi-
dence in the engineeriﬁg and economic practicability of the tech-
nology at the time of commencement of construction or imstallation

of the control facilities.

IDENTIFICATION OF BEST PRACTICABLE CONTROL TEGHNOLOGY CURRENTLY AVAILABLE

*
Native Fish —— Flow-thru Culturing Systems

Best Practicable Control Technology Currently Available for the
flow-thru systems subcategory of thé fish culturing industry is sedi-
mentatién of the cleaning flow with sludge removal or vacuum cleaning

of the culturing units. A description and discussion of sedimentation

* All fish culturing operations which discharge wastewaters more
than 30 days per year

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION

IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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and vacuum cleaning is included in Section VII of this document.

Effluent characteristics achievable through 1mp1émentation of BPCTCA

and disinfection as needed are as follows:

Effluent Characteristic

Suspended Solids

settleable Solids

NH3—N

Fecal Coliform Bacteria

*
Effluent Limitation

Maximum for any one day = 2.9
kg/100 kg of fish on hand/day

Maximum average of daily values
for any period of thirty conse-
cutive days = 2.2 kg/100 kg of
fish on hand/day

Maximum instantaneous = 0,2 ml/l

Maximum for any one day = 0.12
kg/100 of fish on hand/day

Maximuh aﬁerage of daily values

-for any period of thirty conse-

cutive days = 0.09 kg/100 kg of
fish on hand/day

Maximum concentration = 200
organisms /100 ml (Salmonid op-
erations are excluded from this
effluent limitation).

Native Fish -- Pond Culturing Systems

Pond culturing systems which overflow more than 30 days per year

are considered flow-thru culturing systems and are subject to efflu-

ent limitations for the flow-thrﬁ culturing subcategory.

* Effluent limitations are net values

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION

However, pond

IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED

AND FURTHER INTERNAL REVIEW BY EPA.
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draining discharges are subject to effluent limitations for the pond
culturing subcategory.

Control of pollutants from discharges during pond draining for
harvesting is practicabie with current technology. The Best Practi-
cable Control Technology Currently Available is in-plant control in-
cluding: a) draining from the surface at a controlled rate to allow
settling in the pond; b) draining at a controlled rate through an
existing rearing pond or a settling pond; or c) harvest without
draining. These méasures and effluént disinfection as needed
can be used to achieve the following effluent characteristics:

: *
Effluent Characteristic Effluent Limitation

Settleable Solids Maximum instantaneous concentra-
tion during draining period = 3.3 ml/1

Fecal Coliform Bacteria Maximum concentration = 200 organ-
- .isms /100 ml (Salmonid operations
are excluded from this effluent
limitation).

Non-Native Fish Culturing Systems

Best Practicable Control Technology Currently Available for the
non-native fish culturing industry is no discharge of process waste-
water pollutants achieved by the use of land disposal practices des-

cribed in Section VII.

* Effluent limitations are net values

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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RATIONALE FOR SELECTION OF TECHNOLOGY

Native Fish -~ Flow-thru Culturing Systems

Sedimentation of the cleaning flow with sludge removal or vacuum
cleaning of the culturing units 1s judged to be BPCTCA because it is
being practiced by exemplary hatcheries within the industry. A factor
of 1.3 was used in determining maximum one-day effluent limitatioms.:
A larger peaking factor was not selected'because sedimentation is con-
sidered a siable process not subject to wide variations in treat-
ment efficiency. There are no data available to substantiate that
either the age or size of hatchery facilities justify special consi-
deration for different effluent limitations. _On the other hand, cul-
turing processes are different and subcategories have been established
for flow-thru and pond culturing systems. Process changes are not ne-
cessary in the impleﬁentation of BPCTCA. |

At some hatcheries it may be possible to meet ﬁhe Level I guide-
linés solely through implementation of the in-plant control measures
discussed in Section VII. Where'Nﬂa-N concentf;tions exceed limita-
tions during cleaning, rearing units will require mdre frequent
‘cleaning. |

The4eﬁgineeripg design and operation of sedimentation facili-
ties is well defined. Design criteria may be developed by using

the fish waste in question and employing established bench scale

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA. '
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testing procedures. The operation of sedimentation facilities or
vacuum cleaning devices is not complex and should require only minimum
training of hatchery personnel.

The major nondwatef quality environmental impact from the imple-
mentation of BPCTCA will be solids disposal. Sludge must be removed
periodically from the settling basin. Solids disposal may be accom-

plished as described in Section VII.

Native Fish -~ Pond Culturing Systems

Pond culturing‘systems which overflow ﬁoré than 30 days per year
are considered floﬁ-thru culturing systems, thgrefore_rationale pre-
sented for pond culturing systems appligs only to pond draining
discharges.

The BPCTCA for pond culturing systems is in-plant control by one
of the following méésures: a) draining from the surface at a con-
trolled.rate to allow settling in the pond; b) draining at a con-
trolled rate thfough an existing rearing pond or a settling pond,
or c) harvesting without draining. Each of these measures will pro-
vide some reduction in the settleable solids discharged. Because con-
trol of draining discharges is not presently practiced, the following
assumptions are inclﬁded in the rationale for BPCICA.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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First, draining from the surface at a controlled rate can ac-—
complish a 40 percent removal of settleable solids. Much of this
removal may be accomplished after harvesting by allowing settling
before the remaining water is discharged. 1In some cases this may
require a change in harvesting procedures.

Second, draining at a controlled rate through an existing rear-
ing pond or settling pond can accomplisﬁ an 80 percent removal of
settleable solids. Typically, rearing ponds provide deteation
times measured in-days rather than hours. aTherefore, settleable
solids removal efficiency would be expected‘tﬁ approacﬁ 100 per-
cent and the assumed 80 percent removal efficiency is considered
;onservative.

’Tﬁird, harvesting without draining can eliminate the discharge -
of settleable solids and other pollutants. When draining is re-
quired after harveéting is combleted, ponds-can be drained from
the surface very s;awly'to insure settling within the pond. Scme
discharge of settleable solids mﬁy occur; howé?ér,‘an estimate of
80 percent reduction is considered conservative. Where porous
gsoil exists, water may be allowed to seep into the groundwater or
nearby su;face'water. Thus, no settleable solids are released
when harvesting is accomplished without draining and very low
levels of settleable solids are released when post harvest drain-
ing is necessary. |
NOTICE: THESE ARE TENTATIVE RECOMMfNDATIONS 3ASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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Rationale are not available justifying the es;ablishment of dif-
ferent effluent guidelines based on siée or age of hatchery facili-
ties. Subcategories have been established based on culturing pro-
cesses for flow-thru and pond culturing systems . Harvesting pro-
cedures will require changing in most cases for implementation of
BPCTCA. |

With respect to the engineering aspeécts of the application of
BPCTCA, two factors will require consideration. First, pumping of
the turbid portion of the draining discharge may be necessary to
implement drainingithrough an existing rearing pond or éettling 7
pond. Second, discharge and harvesting structures ma& require
significant modification to allow contfolled surface draining
and harvesting in the pond. Where such modification is necessary, -
these measures are cpnsidered treatment alternatives and are dis-

cussed under Treatment Technology, Section VII.

Non—Natiye Fish Culturing Systems

No discharge with land disposal of process wastewater pollu- |
i'tants is judged to be BPCTCA. This level of technology is practi- -
cal because many of the exemplary facilities in the inaustry are
_practicing this method of disposal. The concepts are proven,
available for implementation and, in some.cases, enhancé produc-
tion. Process changes in the industry are usually minor and should

not affect the practicability of BPCTCA.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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There 1s no evidence that different effluent limitations are
juétified on the basis of variations in the age or size of cultur-
ing facilities. Industry competition ané general improvements in
production concepts have resulted in modernization of facilities
throughout the industry. This, coupled with the similarities of
wastewater characteristics for plants of varying size and the rela-
tively low flow rates required, substantiates that no discharge
with land disposal is practical;

All plants in the industry use similar production methods and
have similar wastewater characteristics. There 1s no evidence |
that operation of any current process or subprocess will substan-
tially affect capabilities to implement best practicable control
technology currently available.

At many localities land disposal facilities can be installed

“at the lowest elevafions of the-production facility, enabling the

- use of gravity for water tramsport. In others, small amounts of
energy are now required to pump ﬁonds dry and ﬁbuld be required

to distfibuté wastewater to the land disposal area. In the latter
case, land disposal might increase the energy use, but the small
increase would be justified by the benefits of no discharge of pol-
lutants and the fact that other treatment methods require more
energy use. |

NOTICE:' THESE ARE TENTATIVE RECbMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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SECTION X.
EFFLUENT REDUCTION ATTAINABLE THROUGH THE

APPLICATION OF THE BEST AVAILABLE TECHNOLOGY
ECONOMICALLY ACHIEVABLE

INTRODUCTION

The effluent limitations which must‘bé'achieved by July 1, 1983,
specify the degree of effluent reduction attainable through-applica—
"tion of the best available technology economiéally achievable (BATEA).
The BATEA is to be based on the very best control and treatment tech-
nology employed within the fish culéuting ihdustrylof based upon
technology which is readily transferable to the induéfry. Since limi-
ted data exist on the full-scale operation of éxemplary facilities,
pilot studies and short-term plant scale studies are also used for
assessment of BATEA. -

Consideration ﬁust be given to the following in determining BATEA:

1. The total cost of achieving the effluent reduction resulting
- from application of BATEA; ‘ :

2. The age and size of equipment and facilities involved;
- 3. The processes employed;

4. The engineering aspects of the aﬁplication of various types
of control techniques;

5. Process changes;
6. Non-water quality environmental impact (including energy

requirements).

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORHATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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In contrast to BPCTCA, BATEA assesseé the availability of in-
process controls as well as additional treatment techniques employed
at the end of a production process.

The BATEA is the highest degree of control technology that has
been achieved or has been dembnstrated to bé capable of being de-
signed for plant scale operation up to and inc;uding no discharge
of process wastewater pollutants. This level of control is in-
tended to be the top-of-the-line of current technology subject to
limitations imposed by economic and engineéfing feasibiiity. The
BATEA may be characterized by some technical risks with respéct
to performance and certainty of costs. Some further fndustrially-

sponsored development work prior to its application may be necessitated.

IDENTIFICATION OF BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE

*
Native Fish —- Flow-thru Culturing Systems

The BATEA is sedimentation of the entire flow with sludge removal
as described in Section VII. Effluent guidelines achievable through

implementation of BATEA and disinfection as needed are as follows:

* All fish culturing operations which discharge wastewater more than
30 days per year. Facilities which discharge less than 30 days per
year are classified in the pond culturing subcategory.

NOTICE:  THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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*
Effluent Characteristic Effluent Limitation

Suspended Solids Maximum for any one day = 1.7
kg/100 kg of fish on hand/day

Maximum average of daily values

for any period of thirty conse-

cutive days = 1.3 kg/100 of fish
on hand/day

Settleable Spiids Maximum instantaneous‘= 0.2 ml/1

Maximum average of daily values for.
any period of thirty consecutive
days = <u.1 ml/1

NH, -N Maximum for any one &ay = 0.12 kg/1
' 100 kg of fish on hand/day

Maximum average of daily values
for any period of thirty conse-~
cutive days = 0.09 kg/100 kg of
fish on hand/day

Fecal Coliform Bacteria Maximum concentration = 200 or-
- ganisms /100 ml (Salmonid opera-
tions are excluded from this ef-

fluent limitation).

Native Fish -~ Pond Culturing Systems,

Pond culturing systems whiéh overflow moreithan 30 days per year
are considered flow-thru éulturing systems and are subject to efflu-
ent limitations for the flow—-thru culturing subcategbry. However,
pond draining discharges are subjéct to effluent limitations for the

pond culturing subcategory.

* Effluent limitations are net yalues.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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The effluent limitations for BATEA are the same as those estab-
lished for BPCTCA as developed in Section IX.

Non~Native Fish Culturing Systems

The effluent limitétions for BATEA are the same as those estab-

lished for BPCTCA as developed in Section IX.

RATIONALE FOR SELECTION OF TECHNOLOGY

Native Fish -- Flow-thru Culturing Systems

The BATEA is sedimentation of the entire flow with sludge removal.
Sedimentation ponds have been operated on ﬁlant scale By exemplary
hatcheries and it is the best documented and proven method of treatment
in use. Study results and discussions of this treatmeqt‘method are
presented in Section VII. In establishing the effluent limitations
set forth in this sgction, a factor of 1.3 was used in determining
maximum one-day vaiues. A larger peaking factor was not selected
because the treatment methods are considered stable processes not
- subject to wide variations in treatment efficiency.

The selection of BATEA is sedimentation of the entire flow, means
that construction could be phased and the investment made for BPCICA
would not be lost. Facilities could be installed to provide sedi-
mentation of tﬁe cleaning flow (BPCTCA) and then later enlarged to

provide sedimentation of the entire flow (BATEA).

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA. '
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The major non-water quality environmental impact will be solids
disposal. The preferred method‘of'sludgé disposal, as with other
agricultural waste solids, is direct land application. This practice
should not cause an advérse environmenﬁal impact as long as disposal
sites are located on flat terrain not adjaéent to water bodies.

Native Fish ~—- Pond Culturing Systems

Pond culturing systems which overflow more than 30 days per year
are considered flow-thru culturing systems. Therefore, ration;le pre-
sented for pond culturing systems aﬁplies only to pbnd draining dis~
charges.

The.rationale is the same as developed for BPCTCA in Section IX.

Non-Native Fish Culturing Systems

The rationale is the same as developed for BPCTCA in Section IX.

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA. )
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"SECTION XI.

NEW SOURCE PERFORMANCE STANDARDS

INTRODUCTION

This level of technology is to be achieved by new sources. The
term "new source" is defined in the Act to mean "any source, the
construction of which is commenced aftef‘publigation of pfoposed regu~
lations prescribing a standard of performance”. WNew source perform-
ance standards are evaluated by adding to the consideration underlying
the identification of BPCICA, a determination of what higher levels of
pollution control are available through the use of improved production
processes and/or treatment techniques. Thus, in addition to consider-
ing the best ih-plaﬁt and end-of-process control technology, new
source performance s;andards-are based upon an analysis of how the
level of effluent may be reduced by changing the p%oduction process
itself.._Alternétive processes, operating methods or other alterna-
tives are considered. However, the end result'af the analysis iden-
tifies effluent standards which reflect levels of con£rol achievable
through the use of improved production processes (as well as control’
technology),-rather than prescribing a particular type of process or
tgchnology which must be employed. A further determination made for
new source performanée standards is whether a standard permitting no
discharge of pollutants is practicable. |
NOTICE: THESE ARE TENTATIVE RECOMMﬁNDATIONS BASED UPON INFORMATION
IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.
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The following factors were considered with reépect to produc-—

tion processes analyzed in assessing new source rerformance

standards:

5.

The type of process employed and process changes;

Operating methods; |

Batch as opposed to continucus operations;

Use of alternative raw materials and ﬁixes of raw materials;
and.

Recovery of pollutants as by-products.

IDENTIFICATION OF NEW SOURCE PERFORMANCE STANDARDS

Native Fish -- Flow-thru Culturing Systems

The effluent limitations for new sources are the same as for

BATEA as developed in Section X.

Native Fish —— Pond Culturing Systems

The effluent limitations for new sources are the same as for

BPCTCA as developed in Section IX.

Non—-Native Fish Culturing Systems

The effluent limitations for new sources are the same as for

BPCTCA as developed in Section IX.

NOTICE:

THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON INFORMATION

IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED UPON COMMENTS RECEIVED
AND FURTHER INTERNAL REVIEW BY EPA.-
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SECTION XV,
GLOSSARY
DEFINITIONS
BOD-Biochemical Oxygen Demand -- The amount of oxygen required by

microorganisms while stabilizing decomposable organic matter under
aerobic conditions. The leéevel of BOD is usually measured as the

demand for oxygen over a standard five-day period. Generally expressed
as mg/l. '

Broodfish —-- Fish reared and/or maintained for the purpose of taking
and fertilizing eggs. |

Cleaning Intervals -- The length of time between the cleaning of
culturing units., Typically the cleaning interval varies at different
hatcheries from daily to weekly to monthly.

COD-Chemical Oxygen Demand -~ A measure of the amount of organic matter
which can be oxidized to carbon dioxide -and water by a strong oxidizing
agent under acidic conditions. Generally expressed as mg/l.

Conversion Ratio -- The ratio of total number of pounds of food fed to
the total gain in weight of the fish during the period. It is some-
times referred to as 'conversion factor."

Fry -- Fish up to the time when the yolk sac has been absorbed.

Milt -- The combination of sex cells (spermatozoa) and fluid medium
.from male fish. ‘ ‘

Plate Separators -- High rate sedimentation units consisting of closely
spaced parallel plates resulting in a very short vertical settling
distance.

Raéewag -—- A greatly enlarged trough with a stream of water flowing

into one end and out the other.
Rearing Unit -- A container used to culture fish,
Settleable Solids -- A volumetric determination of the solids which

settle during a given period of time under quiescent conditions in
an Imhoff cone. '
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Suspended Solids -- The suspended material that can be removed from the
wastewater by laboratory filtration but does not include coarse or
floating matter that can be screened or settled out readily.

Tube Settlers -- High-réte sedimentation units consisting of inclined
tubes each of which acts as a small settling basin resulting in a
very short vertical settling distance.

SYMBOLS

ce/liter - volumetricﬂﬁatio cubic centimeters per liter =
1,337 x 10 ~ cubic feet per gallon '

°C -- temperature in degrees Centigrade = 5/9 (°F-32)

cm == length in centimeters.= 0.3937 in. or 0.03281 ft

cu ft : ~- cubic feet = 0.02832 cubic meters

DO - dissolve& oxygen

gal, -- volume in gallons = 3.785 liters

gm - -- weight in grams = 0.03527 ounces

g per m2 -— grams per square meter = 2,05 x 10_4 pounds

' per square foot

gpd ~- flow rate in gallons per day = 0f003785 m3/day

gpm | -- flow rate in gallons per minute = 0,0631 liters
per second

hectares ‘ ~— area = 2,471 acres

kg -- weight in kilograms = 2,205 pounds

kg/m : ~- kilograms per meter = 0.672 pounds per foot

1 -~ volume in liters = 0,2642 gallons

lps/m2 -- overflow rate in liters per secoﬁd‘per square
meter = 1.48 gallons per minute per square foot

m - lengfh in meters = 3.281 feet or 1.094 yards

m3 —- volume in cubic meters = 1.307 cubic yards or

264-2 gallons
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m3/day ~- flow rate in cubic metérs/day = 22.81 million
gallons per second

mm -- length in millimeters

mgd -- flow rate in million gailons per day = 3.785
cubic meters per day

mg/1l . —— concentration given in milligrams per liter

ml -- volume given in milliliters = 0.0002642 gallons
or one cubic centimeter

ml/1 -- concentration given in ﬁilliliters per liter

m. ton . - weight in metric tons = 1.102 tons or 2204.6
pounds -

MPN —-- most probable number

N‘ -- nitrogen

NH3-N —-- ammonia as nitrogen

N031N : -- nitrate as nitrogen

Org N . -- organic nitrogen

pH - the logafithm (base 10) of the reciprocal of
hydrogen ion concentration

ppm ~-- concentration given in parts per million parts

P047P - phosphaté as phosphorus

TKN -- total Kjeldahl nitrogen

y3 4A . -- volume in cubic‘yards = 00,7646 cubic meters or

27 cubic feet
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