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ACRONYMS

ADC — apparent digestibility coefficients
BMPs — best management practices
BOD — Biochemical oxygen demand
CES — Cooperative Extension System
CFR — Code of Federal Regulations
CWA — Clean Water Act
DEQ — Idaho Division of Environmental Quality
DO — dissolved oxygen
EPA — The United States Environmental Protection Agency
FDA — Food and Drug Administration
FFS — full-flow settling (pond)
FIFRA — Federal Insecticide-Fungicide-Rodenticide Act
HWMA — Hazardous Waste Management Act
IAA — Idaho Aquaculture Association
IDA — Idaho Department of Agriculture
IDF&G — Idaho Department of Fish and Game
IDWR — Idaho Department of Water Resources
INAD — Investigative New Animal Drug
LRP — low regulatory priority
MSDS — material safety data sheets
NADA — New Animal Drugs Applications
NPDES — National Pollution Discharge Elimination System
NRCS — Natural Resource Conservation Service
NRE — nutrient retention efficiencies
NTU — nephelometric turbidity units
OLS — off-line settling (pond)
QZ — quiescent zone
RCRA — Resource Conservation Recovery Act
R, — retention time
SARA — Superfund Amendment Reauthorization Act
SERC — State Emergency Response Commission
SS — settleable solids
TMDL — total maximum daily load
TSS — total suspended solids
USDA — United States Department of Agriculture
UST — underground storage tank
V_ — overflow rate
V, — settling velocity of a particle

v IpbAHO WASTE MANAGEMENT GUIDELINES FOR AQUACULTURE OPERATIONS



INTRODUCTION

Responsible environmental stewardship is critical to sustainable aquaculture.
Environmental deterioration can result from poor aguaculture practices. Indeed,
competing resource demands from society now make good environmental prac-
tices essential.

A waste management plan is composed of a variety of best management practices
(BMPs), and is an effective way to prevent or reduce pollution generated from
aquaculture production facilities. A waste management plan must be tailored to
each operation and site because of unique site characteristics, water quality goals,
customized facility practices, and management operations objectives.

The Idaho Waste Management Guidelines for Aquaculture Operations, with site-
specific information, will be used to develop a waste management plan to meet
water quality goals. This plan will address Idaho’s water quality concerns asso-
ciated with aquaculture in response to the federal Clean Water Act (CWA) and
Idaho Water Quality Standards and Wastewater Treatment Requirements.

Objectives of aquaculture waste management are to:

« design, build, and maintain aquaculture facilities in a manner that works
towards the elimination of the release of nutrients and solids to surface or
ground water;

=  operate aquaculture facilities in a manner that minimizes the creation of nutri-
ents and solids while providing optimal fish rearing conditions; and

< promote management of the collected biosolids as a resource, preferably in a
manner that utilizes the available nutrients while minimizing the potential of
the nutrients impacting ground or surface waters.

Purposes of these guidelines are to:

= provide design criteria for construction of waste management systems;
educate owners, operators, regulatory agencies, and communities on aquacul-
ture waste management systems; and

< identify and describe BMPs that meet primary objectives of an aquaculture
waste management system.

The Idaho Waste Management Guidelines for Aquaculture Operations is intended to assist an
aquaculture facility operator in developing BMPs to maintain discharges at a level
which does not violate the water quality standards of Idaho. Use of the Idaho Waste
Management Guidelines for Aquaculture Operations does not constitute an exemption,
variance, or exceptional privilege for not meeting the appropriate water quality stan-
dards or permit requirements that may be applicable to a particular aguaculture facility.
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INTRODUCTION

Agencies Regulating Aquaculture

The U.S. Environmental Protection Agency (EPA) issues the National Pollution Dis-
charge Elimination System (NPDES) permit which establishes regulations for the dis-
charge of various pollutants from point sources to waters of the United States. Proper
waste management will prevent exceeding permit limits. NPDES permits are required
for fish hatcheries, fish farms, or other facilities that grow aquatic animals under the
following conditions:

= cold water fish species or other cold water aguatic animals in ponds, raceways,
or similar structures that discharge at least 30 days per year, produce more than
20,000 pounds of aquatic animals per year, or receive more than 5,000 pounds
of food during the month of maximum feeding;

= warm water fish species or other warm water aquatic animals in ponds, race-
ways, or similar structures that discharge at least 30 days per year. This does
not include closed ponds which discharge only during periods of excess runoff,
or warm water facilities which produce less than 100,000 pounds of aquatic
animals per year; and

- facilities determined on a case-by-case basis by the permitting authority to be
significant contributors of pollution to waters of the United States.

The EPA also sets limits on the discharge of compounds, including some commonly
used water treatments. Discharge of pollutants to waters of the United States from
aquaculture production facilities, except as provided in the permit, is a violation of
the CWA, and may be subject to enforcement action by EPA.

The Idaho Division of Environmental Quality (DEQ) is responsible for protecting
surface and ground water quality in Idaho. Its regional offices issue 401 water quality
certification as part of the NPDES permitting process. A 401 water quality certification
states that any discharge will comply with the applicable provisions of the CWA, includ-
ing maintenance of all state water quality standards. DEQ’s regional offices also issue
401 certification in association with section 404 of the CWA (stream channel alterations).
DEQ’s central office performs NPDES inspections of major aquaculture facilities under
contract with the EPA. DEQ’s regional offices also provide information to aquaculture
facility operators to assist them in proper waste management. DEQ’s central office is
responsible for the waste water land application permitting program. DEQ’s regional
offices are responsible for the review and approval of plans and specifications submitted
in accordance with ldaho Code 39-118.

The Idaho Department of Agriculture (IDA) licenses commercial fish facilities under

Title 22, Section 4601 of the Idaho Code. This means that anyone obtaining, possess-

ing, preserving or propagating fish to sell must first secure a commercial fish-rearing
license from the Director of the IDA. The conditions for licensing that concern water

guality are discussed in Chapter Two.

The Idaho Department of Water Resources (IDWR) regulates commercial aquacul-
ture under Title 42 of the Idaho Code when water is appropriated for fish propaga-
tion. All waters in the state of Idaho are public waters and available for private
appropriation if they have not already been appropriated. Public waters include
rivers, streams, springs, lakes and ground water.
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INTRODUCTION

The Idaho Department of Fish and Game (IDF&G) regulates the importation of fish
into the state.

The Food and Drug Administration (FDA) is responsible for regulating medicated
fish feeds, drugs and other fish health products. The FDA is also the primary federal
agency responsible for assurance of the safety of seafood for consumption.

The United States Department of Agriculture Agencies (USDA):

Natural Resource Conservation Service (NRCS) provides technical assistance for
developing BMPs and design of waste management facilities.

Cooperative Extension System (CES) provides educational programs in construct-
ing, operating, and maintaining aquaculture production facilities.

Your local County Planning and Zoning can provide information on county ordi-
nances for aguaculture production facilities.

For additional information about federal agency involvement with aquaculture

activities refer to Aquaculture: A Guide to Federal Government Programs available
through the Cooperative Extension System.
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AQUACULTURE IN IDAHO

In 1996 there were 155 commercially licensed aquaculture facilities in Idaho, the majority
of which are located in the Magic Valley area (figure 1.1). In 1995 aquaculture production
consisted of: 43 million pounds of rainbow trout; 570,000 pounds of catfish; 1,008,000
pounds of tilapia; and 62,000 pounds of sturgeon (Fornshell personal communication).
Idaho is the nation’s number one producer of rainbow trout (figure 1.2). A wide variety

of species are licensed for aquaculture in Idaho (table 1.1).
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Figure 1.1: Commercially licensed private, state, federal, and tribal aquaculture facilities in ldaho.



1: AQUACULTURE IN IDAHO

Idaho’s aquaculture industry Others
ranks as the third largest Utah "eNM - “oge

. . . 3%
food-animal industry in 0
the state, with an
estimated annual value
of 92.5 million dollars. It
is a vertically integrated
industry that includes egg
producers, farm ponds,
independent growers,
processing plants, and
integrated growers/proces-
sors. One thousand Idaho-
ans are employed in the
aquaculture industry and its support industries which include veterinary services,
transportation, equipment manufacturing, feed production, and packaging suppliers.

California

5%

N. Carolina
8%

Figure 1.2. U.S. commercial trout production in 1993 (source: USDA)

Besides commercial production, state, federal, and private mitigation hatcheries operat-
ing under contract by the State of Idaho produce approximately 45,500,000 fish totaling
3,200,000 Ibs. annually for conservation and recreation purposes. These numbers include
both resident and anadromous fish species released throughout the state. All rules and
regulations applicable to private aquaculture also must be met by government operated

facilities.

Table 1.1. Currently licensed species for aquaculture in Idaho.

Cold Water Species

Warm Water Species

Arctic Char
Atlantic Salmon
Brook Trout
Brown Trout

Bull Trout
Chinook Salmon
Coho Salmon
Cutthroat Trout
Rainbow Trout
Sockeye/Kokanee Salmon
Sucker

White Sturgeon

Alligator
Australian Redclaw
Blue Catfish
Bluegill

Bullfrog

Bullhead Catfish
Channel Catfish
Crappie

Crayfish

Dace Minnow
Flathead Minnow

Freshwater Shrimp

Goldfish

Grass Carp

Koi carp
Largemouth Bass
Ornamental/Aquarium/Tropical
Pacu
Pumpkinseed
Redshiner
Smallmouth Bass
Snail

Tilapia

Yellow Perch
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AQUACULTURE REGULATIONS

This chapter will outline the laws and regulations pertaining to aquaculture and the
1996 requirements of the appropriate state and federal agencies (sections are cited in
appendix X). Laws and requirements may change; check with the appropriate agency to
update specific information.

The Federal Clean Water Act

In 1972 Congress passed the Federal Water Pollution Control Act (PL 92-500) commonly
called the Clean Water Act. The object of the CWA, as amended by the Water Quality Act
of 1987 (Public Law 100-4), was to restore and maintain the chemical, physical, and
biological integrity of the Nation’s waters. Title Il of the CWA contains the provisions
for standards and enforcement. Title IV of the Act covers permits and licenses.

National Pollution Discharge
Elimination System Permit Requirements

The Code of Federal Regulations (CFR), Title 40, Subchapter D, Part 122 includes the
NPDES permit which is issued by the EPA to fish hatcheries and fish processing plants
located in Idaho. When the EPA receives a hatchery permit application it issues an initial
draft permit. The public and DEQ then have an opportunity to review the permit, and
make comments or recommendations on the proposed facility. A final draft permit then
is issued to the applicant. Again, DEQ has an opportunity to make comments and
recommendations. The permit is finalized by EPA. The CWA, Section 401, requires any
applicant for a federal discharge license or permit, who conducts any activity which may
result in any discharge into navigable waters, provide the licensing or permitting agency
a certificate from the State that any such discharge will comply with applicable provi-
sions of Sections 122.1 through 122.7, 122.24, and 122.25, of the CWA.

Water Quality Act (Idaho Code 39-3601 et seq.)

Legislation was passed in 1995 requiring DEQ to develop a process for determining
beneficial uses and the status of those uses for all surface waters; to identify water
guality-limited water bodies; and to establish total maximum daily loads (TMDLSs) of
pollutants on a priority basis to ensure attainment of the water quality standards. A
critical component of Idaho’s water quality legislation is the establishment of citizen
advisory groups which advise DEQ on the development of TMDLSs and other pollution
control strategies on water quality-limited segments of Idaho’s surface waters.

Idaho Water Quality Standards
and Wastewater Treatment Requirements

The Idaho Water Quality Standards and Wastewater Treatment Requirements, Title 1,
Chapter 2, is administered by DEQ and regulates aquaculture waste management and
the protection of designated or existing uses of state waters. Restrictions are placed on
pollutant discharges and other activities which may affect water quality in Idaho.

IpAHO WASTE MANAGEMENT GUIDELINES FOR AQUACULTURE OPERATIONS



2. AQUACULTURE REGULATIONS

Surface waters are protected, in Section 200, with narrative criteria including: haz-
ardous materials; deleterious materials; radioactive materials; floating, suspended or
submerged matter; excess nutrients; oxygen demanding materials; and sediments.

General Criteria
The following general water quality criteria apply to all surface waters of the state,
in addition to the water quality criteria set forth for specifically classified waters.

Hazardous Materials—Surface waters of the state shall be free from hazardous
materials in concentrations found to be of public health significance or to impair
designated beneficial uses. These substances do not include suspended sediment
produced as a result of nonpoint-source activities.

Toxic Substances—Surface waters of the state shall be free from toxic substances in
concentrations that impair designated beneficial uses. These substances do not
include suspended sediment as a result of nonpoint source activities.

Deleterious Materials—Surface waters of the state shall be free from deleterious materi-
als in concentrations that impair designated beneficial uses. These materials do not
include suspended sediment produced as a result of nonpoint source activities.

Radioactive Materials—Radioactive materials or radioactivity shall not exceed the
values listed in the CFR Title 10, Chapter 1, Part 20, Appendix B, Table 2, Effluent
Concentrations, Column 2.

Radioactive materials or radioactivity shall not exceed concentrations required to
meet the standards set forth in Title 10, Chapter 1, Part 20, of the CFR for maximum
exposure for critical human organs in the case of foodstuffs harvested from these
waters for human consumption.

Floating, Suspended, or Submerged Matter—Surface waters of the state shall be free
from floating, suspended, or submerged matter of any kind in concentrations caus-
ing nuisance or objectionable conditions or that may impair designated beneficial
uses. This matter does not include suspended sediment produced as a result of
nonpoint source activities.

Excess Nutrients—Surface waters of the state shall be free from excess nutrients that
can cause visible slime growths or other nuisance aquatic growths impairing desig-
nated beneficial uses.

Oxygen Demanding Material—Surface waters of the state shall be free from oxygen-
demanding materials in concentrations that would result in an anaerobic water
condition.

Sediment—Sediment shall not exceed quantities specified in Section 250, or, in the
absence of specific sediment criteria, quantities which impair designated beneficial
uses. Determinations of impairment shall be based on water quality monitoring and
surveillance and the information utilized as described in Subsection 350.02.b.
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2: AQUACULTURE REGULATIONS

Beneficial Uses

All state waters are protected, in Section 250, for designated or existing uses. The
designated beneficial use categories include: aquatic life-general, cold water
biota, warm water biota, and salmonid spawning; water supply—domestic,
industrial, and agricultural; primary and secondary contact recreation; and
miscellaneous—wildlife habitat, aesthetics, and special resource waters. Surface
waters have designated use classifications with specific numerical limits for
parameters such as bacteria, dissolved oxygen (DO), ammonia, pH, turbidity,
and temperature.

For example, the waters of the Snake River from Milner Dam to King Hill are desig-
nated to be of beneficial use in the following categories: aquatic life-general, cold
water biota, and salmonid spawning; misc.—aesthetics; wildlife habitat; water sup-
ply-agricultural; and primary and secondary contact recreation. In the application of
the beneficial uses, the most stringent of multiple criteria applies. Water quality
criteria for agriculture, wildlife habitats, or aesthetic uses usually is satisfied by the
general water quality criteria in section 200. Should it be desirable or necessary to
protect a specific use, appropriate criteria will be adopted in sections 250 or 275
through 298. In the example above, the following define the remaining beneficial
uses.

Primary Contact Recreation Waters—surface waters which are suitable or
intended to be made suitable for prolonged and intimate contact by humans, or
for recreational activities when the ingestion of small quantities is likely to occur.
Such waters include, but are not restricted to, those used for swimming, water
skiing, or skin diving.

Between May 1 and Sept. 30 of each year, waters designated for primary contact
recreation are not to contain fecal coliform bacteria significant to the public health in
concentrations exceeding:

i. 500/100 ml at any one time;
ii. 200/100 ml in more than ten percent (10%) of the total samples taken over
thirty (30) day period; and
iii. a geometric mean of 50/100 ml based on a minimum of five (5) samples
taken over a thirty (30) day period.
(All toxic substance criteria are set forth in 40 CFR 131.36(b)(1), column D2, revised as of
Dec. 22, 1992, effective Feb. 5, 1993.)

Aquatic Life, General Criteria—applies to all aquatic life water use categories:
i. hydrogen ion concentration (pH) values within the range of 6.5 to 9.5;
ii. the total concentration of dissolved gas not exceeding one hundred and
ten percent (110%) of saturation at the point of collection; and
iii. total chlorine residual:
a) one hour average concentration not to exceed 19 g/L; and
b) four-day average concentration not to exceed 11 g/L.
(Al toxic substance criteria set forth in 40 CFR 131.36(b)(1), columns B1, B2 and D2,
revised as of Dec. 22, 1992, effective Feb. 5, 1993.)

IpAHO WASTE MANAGEMENT GUIDELINES FOR AQUACULTURE OPERATIONS 5



2. AQUACULTURE REGULATIONS

Aquatic Life, Cold Water Biota Waters—waters which are suitable or intended to be
made suitable for the protection and maintenance of viable communities of aquatic
organisms and populations of significant aquatic species which have optimal grow-
ing temperatures below 18° C. Waters designated for cold water biota are to exhibit
the following characteristics:

i. dissolved oxygen concentrations exceeding 6 mg/L at all times;

ii. water temperatures of 22° C or less with a maximum daily average of no
greater than 19° C;

iii. aone hour concentration of un-ionized ammonia (as N) is not to exceed
0.14 mg/L or total ammonia of 5.73 mg/L at 14° C at a pH of 8.0 (for the
complete table of ammonia levels refer to Section 250.02.c.iii(a)), and
a four-day average concentration of un-ionized ammonia (as N) is not to
exceed 0.03 mg/L or total ammonia of 1.10 mg/L at 14° C at a pH of 8.0 (for
the complete table of ammonia levels refer to Section 250.02.c.iii(b)); and

iv. turbidity, below any applicable mixing zone set by the Idaho Department
of Health and Welfare, shall not exceed background turbidity by more
than 50 nephelometric turbidity units (NTU) instantaneously or more
than 25 NTU for more than ten (10) consecutive days.

Aquatic Life, Salmonid Spawning—waters which provide or could provide a habitat
for active, self-propagating populations of salmonid fishes.

Waters designated for salmonid spawning must exhibit the following characteristics
during the spawning and incubation periods for the particular species inhabiting
those waters:

i. intergravel dissolved oxygen with a one day minimum of not less than
5.0 mg/L or a seven day average mean of not less than 6.0 mg/L;

ii. water column dissolved oxygen with a one day minimum of not less than
6.0 mg/L or 90% saturation whichever is greater;

iii. water temperature of 13° C or less with a maximum daily average no
greater than 9° C; and

iv. aone hour concentration of un-ionized ammonia (as N) is not to exceed
0.14 mg/L or total ammonia of 5.73 mg/L at 14° C at a pH of 8.0 (for the
complete table of ammonia levels refer to Section 250.02.c.iii(a)).

Review of Waste Treatment Systems

Plans and specifications for aquacultural waste treatment systems are reviewed by
DEQ under the authority of the Idaho Code 39-118.

Appropriation of Public Waters

Prospective water users must obtain a water right from IDWR to divert or appropri-
ate water for fish propagation. A water right may be acquired by obtaining a permit
to appropriate water, or by purchasing an existing water right and transferring its
designated use to fish propagation.

6 IpbAHO WASTE MANAGEMENT GUIDELINES FOR AQUACULTURE OPERATIONS



2: AQUACULTURE REGULATIONS

To obtain a permit

Notice of an application for a permit to appropriate water must be published in the
newspaper for two consecutive weeks. Anyone objecting may protest the applica-
tion. The application must demonstrate that:

the proposed use of water will not injure other water rights;

the proposed use of water is sufficient for the purpose sought;

the application is filed in good faith;

the applicant has sufficient resources to construct the project;

the proposed use of water is in the local public interest; and

the proposed use of water is consistent with conservation of water of the
state of Idaho.

BN

To purchase and transfer an existing water right
An application for transfer must be filed and a notice published. An application can
be protested. The applicant must demonstrate that:

other water rights will not be injured,;

the proposed use will not enlarge the original use;

the proposed use will not conflict with the local public interest; and

the proposed use is consistent with principles of conservation of water of
the state of Idaho.

PR

Most uses of water for aquaculture must be non-consumptive.

If approved, a permit is issued granting a development period of up to five years.
One extension of time can be granted. After development, the water user must file a
proof of beneficial use with the IDWR. The use of the water right will be inspected
by IDWR. If all permit conditions are satisfied, IDWR will issue a license.

Commercial Fish Facilities

Commercial fish facilities are licensed by the Idaho Department of Agriculture
under Title 22, Section 4601 of the Idaho Code. This means that anyone obtaining,
processing, preserving, or propagating fish to sell first must secure a commercial
fish-rearing license from the Director of the IDA.

Guidelines
1. The conditions for licensing are:

a. such commercial facilities are not to be constructed in or across any
natural stream bed, lake or other watercourse containing wild fish;

b. any dam constructed to divert water into said facility must meet all the
requirements of Title 36, Section 906(a), of the Idaho Code;

c. all water inlets to said facility must be screened in the manner provided in
Title 36, Section 906 (b), of the Idaho Code;

d. the application for such license must be made upon a form provided by
the department which sets forth such reasonable information as may be
required by the IDA;

e. the effluent control facilities must have been approved by the legally
designated state and federal agencies; and
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f.  the approved application must be accompanied by a license fee of twenty-
five dollars ($25.00);
2. Avalid license must be obtained for each separate location. Licenses shall
expire February 1 in each even numbered year; biennially thereafter.
3. Avreceipt shall be issued to each purchaser of fish. The receipt will:
a. identify the hatchery source;
b. specify the number of fish and the species of the fish;
c. note the date of sale for all sales from fish ponds for a fee; and
d. identify the transaction as the sale of live fish for stocking destined for
release as wild fish in private or public waters.
4. The director of the IDA or his designee may, from time to time, inspect licensed
facilities to determine its conformity with the licensing requirements and to
determine the species being propagated.

Importing Fish into Idaho

The Idaho Department of Fish and Game regulates the species of fish which can be
imported into the state under the authority of the Idaho Code 36-701. Agricultural
or domestic fish are limited to the following species:

1. Rainbow Trout (all color phases)
2. Coho Salmon
3. Blue or Channel Catfish

No import permits from IDF&G are required for these species. Commonly accepted
ornamental or tropical aquarium fish legal for interstate shipment may be imported
into Idaho without a permit from the director of IDF&G.

Itis illegal to import the following species of fish into Idaho without a permit from
the director of the IDF&G:

1. Green Sturgeon 6. Piranhas

2.  White Sturgeon 7. Rudd

3.  Walking Catfish 8. Grass Carp
4. Bowfin 9. Snakeheads
5 Gar 10. China Fish

No permits are required to transport fish between properly licensed commercial fish
facilities.

To import live fish into the state, a CFR Title 50 certification to verify disease-free
status is required. Some species may also require certification of sterility.

8 IpbAHO WASTE MANAGEMENT GUIDELINES FOR AQUACULTURE OPERATIONS



PLANNING A WASTE
MANAGEMENT SYSTEM

Proper planning is the key to good waste management and effluent water quality. A
combination of factors, a few unique to each facility, determine the optimum waste
management system. Some of these factors are:

water supply and site location;

waste collection and handling options;

operational practices;

permit requirements and additional regulations; and
available capital

Water Supply and Site Factors

The quantity and quality of available water determines the type of aquaculture
facility which can be operated, as well as the most appropriate methods for manag-
ing wastes.

Water supplies generally are classified as surface water (i.e. stream, river, irrigation
return) or ground water (i.e., source spring or well). Both types are used for aquacul-
ture production. Surface waters often carry nutrient and sediment loads which must
be considered in addition to the wastes generated by the aquaculture facility. The
total solids loads must be determined so that settling areas are properly designed.
Seasonal scheduling of waste harvest and removal also will be affected.

Land area must be large enough to accommodate fish production and adequate
waste management areas. Site topography, particularly the amount of vertical relief
available, will aid in determining how best to remove and transport collected wastes
(gravity flow or mechanical). The use of adjacent properties (residential, recrea-
tional, agriculture, etc.) may ultimately affect how, when, and where wastes may be
handled. Proximity to agricultural land available for the application of collected
wastes also should be considered.

Waste Collection Options

Determining water flow volumes is important when developing waste management
options. Aquaculture facilities with small flow volumes can consider a variety of
options for solids removal, including:

« settling of solids in the rearing area (in-pond settling);

= settling and removing solids from a separate basin that receives the full-flow
from the facility (full-flow settling (FFS));

= collecting solids in the quiescent areas at the end of the rearing areas and
removing this waste to separate off-line basin(s); and

= use of constructed wetlands or alternative treatments.
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Operations using large flows may have fewer waste management options. The best
option may be to remove wastes collected in quiescent areas below production areas
to off-line settling (OLS) basin(s).

It is important to remove biosolids from rearing areas as efficiently as possible to
maintain good effluent quality. Waste products readily settle out from the water
column and can be collected in designated zones at the ends of raceways or ponds
for easy removal. Selection of one of the three basic methods of waste collection
relying on solids settling (in-pond, full-flow, and quiescent/off-line) is facility
dependent and based upon five interrelated factors:

overflow rate (V,) in the settling area;
water retention time (R,);

waste particle size and density (sink rate);
water velocity and flow distribution; and
depth of the settling area.

agkronE

Design and operation are specifically addressed in chapter seven.

Operational Practices

A facility’s operational production scheme determines the volume of biosolids it
generates. The facility loading, or biomass, fish size, cropping method (i.e. continu-
ous harvest or specified “crop”), and feed type and practices all influence the
amount and composition of biosolids. The frequency with which waste is harvested
also is an integral part of a waste management system. Therefore, maintaining a
schedule for biosolids cleaning or harvesting is critical. Over time, biosolids which
have not been harvested will begin to decompose, making removal more difficult
and solubilizing nutrients into the receiving stream. Generally, the more frequently
the settled biosolids are harvested, the more efficient the waste management system
will be.

Waste Management Plan

A waste management plan describes the actions taken by an aquaculture facility to
minimize, collect, and dispose of pollutants generated in the course of operations. It
is a site specific tool which consistently controls waste discharges and minimizes
pollution of the waters of the state of Idaho. A waste management plan defines and
demonstrates the effectiveness of the BMPs used to control the discharge of pollu-
tants and helps to ensure compliance with waste management requirements and the
maintenance of optimum effluent water quality. At a minimum the plan should
include:

a description of the solids handling and removal system components;

= schedules for cleaning the various waste collection components;
a plan for a solids disposal or other approved uses of the harvested waste
material, including seasonal options;

< amonitoring plan that evaluates the effectiveness of the overall system; and
a description of procedures governing quality assurance and quality control for
the information collected.
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Consider the Alternatives

As evidenced by the variety of preceding factors, no specific combination of facility
design and operating practices can be recommended for all aquaculture operations.
A best management plan should be developed for each operation, based upon the
unique factors applicable to that farm. Planning for the construction of new facilities
will differ from expanding, rebuilding, or retrofitting existing operations. Consider
the options available as presented in these guidelines, and obtain as much informa-
tion as possible from additional sources.

Getting Help

Consulting with professionals is an important step in planning an aquaculture waste
management system. For planning, site evaluation, engineering, and design ser-
vices, consult:

= Aquaculture Institute, University of Idaho, Moscow;

e Cooperative Extension System, University of Idaho;

< Idaho Department of Health and Welfare, Division of Environmental Quality at
your local regional office;

« Idaho Aquaculture Association (IAA) in Buhl, and the IAA’s Appendix A-1
(Proposed Watershed Reduction Plan for Aquaculture Facilities for the Middle
Snake River) of The Middle Snake River Watershed Management Plan: Phase 1
TMDL;

« Idaho Department of Agriculture, Boise;

independent consulting engineers in your area;

local planning and zoning commissions (will know about any restrictions in

your area);

other local aquaculture operators;

Natural Resource Conservation Service, U.S. Department of Agriculture;

waste handling equipment manufactures;

United States Trout Farmers Association’s: Trout Producer Quality Assurance

Program;

Idaho Department of Water Resources;

Idaho Department of Fish and Game;

independent water quality laboratories; and

U.S. Army Corps of Engineers.
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WATER QUALITY AND WASTE
MANAGEMENT CONCERNS

Idaho’s waters are put to many different uses, all potentially affecting water quality.
The effluent from the majority of Idaho’s aquaculture operations discharges directly
into the Snake River or its tributaries. Nutrients and/or biosolids may be discharged
into surface waters, resulting in violations of state water quality standards and
adversely affecting designated beneficial uses. Improper disposal of aquaculture
wastes or improperly designed storage lagoons may cause ground water contamina-
tion. Good waste management and water stewardship are necessary to ensure the
guality of water in receiving streams.

Just as water quality on the farm affects the health and productivity of an aquaculture
facility, the effluent water quality affects the health and productivity of the waters into
which it is discharged. Appendix IV lists suggested minimum and/or maximum values
for common water quality parameters in an aquaculture operation. Some of the chemical
or physical parameters having the greatest potential affect are water temperature,
dissolved gases, pH, phosphorus, nitrogen, and sediment.

Water Temperature

Temperature patterns of aquatic habitats affect the kinds of organisms that can live
in them. Salmonids and other cold water biota require specific temperatures for
maintenance and reproduction; water temperatures which fluctuate dramatically or
move beyond this optimal range can impart stress reducing production efficiency,
increasing disease susceptibility, and altering waste generation within the facility.

Spring water from the Snake River Plain Aquifer is a perennial source of water with
temperatures ideal for trout production, hence the majority of the Idaho trout indus-
try is located in south central Idaho. Warming of the water from sunlight is minimal
because of short water retention times in trout farms, therefore trout rearing nor-
mally does not change the temperature of the water enough to affect the receiving
waters.

Catfish, tilapia, and tropical fish are produced using warm water wells or hot
springs. If this warm water is not cooled before being discharged, it could increase
temperatures in receiving waters. ldaho’s point-source waste water discharge
requirements for waters designated for cold water biota or salmonid spawning
prohibit discharge of water that will affect the receiving waters, outside of the
mixing zone, by more than +1° C (1.8° F).

Dissolved Gases

Oxygen and nitrogen are the dissolved gases hormally found in highest concentra-
tions in water, due primarily to their relative abundance in the atmosphere. Because
of their differing atmospheric partial pressures and solubilities, fresh water at
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equilibrium contains approximately twice the amount of nitrogen as oxygen.
Concentrations of dissolved gases outside of the normal range in an aquacultural
environment can require removal or supplementation through additional water
treatment, often at great expense.

Oxygen is by far the most important dissolved gas in an aquatic environment—
aquatic animals cannot live without it. Dissolved oxygen is produced through
photosynthesis by aquatic plants and consumed during respiration by aquatic plants
and animals. Aquatic animals require adequate levels of DO in rearing areas for
maintenance of health and growth. Oxygen concentrations typically are expressed in
terms of concentration [milligrams/liter (mg/L)], parts per million (ppm), or as a
percent of saturation. Saturation refers to the amount of gas present in water when
equilibrium with the atmosphere is obtained. This equilibrium concentration is
directly influenced by water temperature, salinity, barometric pressure, and eleva-
tion. Appendix IV provides DO concentrations, at equilibrium, for various tempera-
tures and elevations in fresh water.

Dissolved oxygen concentrations in an aquaculture operation are depleted by
aquatic animal respiration and chemical reactions with organic material (wasted
feed, dead fish or plant matter, feces, etc.). Limited restoration, or “recharge,” of
depleted oxygen can be achieved by periodically breaking up the water column and
exposing the oxygen-depleted water to the atmosphere. Common methods used for
this purpose in an aquaculture facility are splash boards or screens in a flow-through
raceway system, or electric or gas powered mechanical aerators in pond or raceway
systems. Oxygen levels can be restored by the direct addition of gas (atmospheric or
pure oxygen) to the rearing unit. The passive methods of oxygen recharge that
utilize the vertical drop commonly found at most aquacultural sites (at least 18" of
fall) are generally the most effective methods of oxygen restoration and should be
considered early in facility design.

Aquaculturists should routinely monitor DO levels in the rearing water, especially
during periods of elevated water temperatures, reduced flows, or high stocking
densities. Optimum loading densities for each facility should be estimated based
upon desired oxygen levels at each point in the facility. Data required for this calcu-
lation include oxygen consumption rates of the aquatic animals in culture, water
flow rates through the facility, and the level of any oxygen recharge that may occur
as water passes from use to use. Every effort should be made to keep the biomass
within this guideline. Appendix IV shows how such calculations are made.

Other factors can influence DO levels in an aquaculture facility. Aquatic plants, often
present at high densities in source waters, can reduce DO levels when they respire at
night. Aquaculture facilities with surface water sources can be adversely affected
during these periods by the reduced DO available for consumption by the fish. This
is particularly true for warm water aquaculture facilities, where water temperature
limits the amount of oxygen present. Biochemical oxygen demand (BOD) from
bacteria and other microorganisms acting on organic matter can reduce oxygen
levels, particularly if solid wastes are allowed to accumulate in rearing areas.

Depleted DO levels can have adverse effects on receiving waters. Different species
display a wide range of tolerances for DO conditions in water. Most aquatic organ-
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isms can survive brief periods at low oxygen levels, but prolonged exposure to low
oxygen levels can have detrimental effects on organisms not adapted for such
conditions. Furthermore, low oxygen levels can result in the release of nutrients
stored in sediments. Repeated periods of depletion can cause indigenous aquatic
organisms to perish and/Zor be replaced by a few specialized organisms tolerant of
low oxygen levels. Idaho’s cold water biota beneficial use category has a DO stan-
dard of 6 mg/L at all times.

Dissolved nitrogen generally is not a problem in aquaculture and normally is found
at concentrations at or below 100% of saturation. At supersaturation levels of 102%
or above, however, dissolved nitrogen can induce gas bubble trauma in fish. Nitro-
gen, biologically inert for nearly all higher aquatic organisms, remains supersatu-
rated in the blood until conditions reduce dissolved gas pressures which result in
the formation of gas bubbles, or emboli, in the blood vessels. This condition is often
lethal, or can cause chronic health problems, reduced growth, and reduced respira-
tory efficiency. Common causes or sources of nitrogen supersaturation include
artesian wells, pumping of water under pressure, and heating of the source water.
Whenever possible, water supersaturated with dissolved gas (particularly nitrogen)
should be avoided as an aquaculture source. If supersaturation does occur, nitrogen
levels can be brought back to equilibrium by degassing in packed columns, or other
methods that break up the water column and expose it to air. Idaho’s general aquatic
life beneficial use category specifies the total concentration of dissolved gas shall not
exceed one hundred and ten percent (110%) at the point of collection.

pH

pH is defined as the negative logarithm of the hydrogen ion concentration in water.
The lower the pH, the more “acidic” the water. The higher the pH, the more “basic”
the water. A pH of 7 is considered to be neutral. Spring water and water in the mid-
Snake River has a pH of about 8. Surface and ground waters in Idaho commonly
have a pH near 8.

Alone, pH tells very little about chemistry in a given water sample. The ability of
water to resist changes in pH (buffering), generally resulting from the presence of
dissolved salts of carbonic acid, is important. Aquatic organisms may be harmed

when conditions lead to pH values beyond the normal range in the environment.

Wide diurnal fluctuations of pH in natural surface waters can result from photosyn-
thetic activity of aquatic plants in poorly buffered waters. During daylight hours,
these plants use free carbon dioxide and some bicarbonate ions, causing pH to rise.
At night, aquatic respiration can then lead to a decrease in pH, because the respired
carbon dioxide becomes a weak acid in water. Although pH changes normally are
very small across an aquaculture facility, decreases in pH can sometimes be ob-
served as water moves through a heavily stocked farm.

Phosphorus

Phosphorus is an essential nutrient for the growth of aquatic plants, but excessive
amounts of phosphorus combined with certain other conditions can allow un-
restricted growth of aquatic plants. Biologically available phosphorus in aquaculture
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and other industrial discharges can contribute to the growth of nuisance levels of
aquatic plants in receiving waters and accelerate the natural eutrophication
processes. It is essential that aquaculturists understand how to minimize phospho-
rus contributions through proper facility design and management.

Phosphorus in aquatic animal feeds at levels above dietary requirements will be ex-
creted in urine and solid fecal wastes. A major portion of this excreted phosphorus is
found in the solids. Systems designed to facilitate frequent solids removal from the
rearing environment, along with management practices optimizing feed utilization
while minimizing feed waste, should help reduce phosphorus contribution to receiving
waters. Alternate methods of phosphorus treatment may be appropriate under certain
sets of conditions.

Little is known about the effects of dissolved phosphorus on aquatic animals.

Nitrogen

Nitrogen commonly is found in several forms in the aquatic environment. The
compounds of greatest concern to aguaculturists are ammonia and nitrite. Ammonia
is a direct by-product of aquatic animal metabolism, and in the decomposition of
organic matter. Ammonia is a gas which dissolves in water to form ammonium ion
(NH,+), and un-ionized ammonia (NH,) which is harmful or lethal to aquatic organ-
isms. This toxic, un-ionized fraction varies with pH, temperature, and salinity,
increasing as the pH and temperature increase. Tables in the ldaho Water Quality
Standards and Wastewater Treatment Requirements list the appropriate standards
for warm and cold water conditions for ammonia and ammonium. When un-ionized
ammonia levels exceed 0.0125-0.025 mg/L, growth rates of rainbow trout are re-
duced and damage to gill, kidney, and liver tissue may occur. The proportion of total
ammonia in un-ionized form is shown for varying temperatures and pH levels in
appendix IV, along with sample calculations for estimating un-ionized ammonia
fractions.

Nitrite (NO,") is an intermediate product in the biological conversion of ammonia to
nitrate (NOy), referred to as nitrification. Nitrite, highly toxic to freshwater fish, is
not considered to be a problem in most flow-through rearing systems as nitrification
usually will not occur in the amount of time water is retained. In addition to being
present from nitrification, nitrate can be present in source water and is generally
harmless to aquatic animals.

Sediment

Sediments in an aquaculture operation are composed primarily of fecal and feed
solids (biosolids), and inorganic and organic sediments from source waters. Sedi-
ments discharged into receiving waters can adversely affect habitat, and can alter
the types and abundance of species that use those habitats. Unless sources of inor-
ganic sediments are known to be high, those sediments of most concern to aquacul-
turists are the biosolids generated during the production of aquatic animals. Because
these solids are primarily organic matter, their oxidation reduces DO levels and
results in the release of dissolved nutrients. In addition, solids suspended in rearing
areas can affect fish health and may lead to conditions such as environmental gill
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disease. Relative to the dissolved components of waste, such as phosphorus and
ammonia, solids are much easier to capture and remove from the aquaculture
operation prior to effluent discharge. Prompt attention to solids accumulations, a
regular program of solids removal, facility design that maximizes solid removal
efficiency, and feeding practices that minimize wasted feed are the core of a sound
aquaculture waste management program.

Aquaculture facilities with NPDES permits are required to control and monitor their
solids discharge levels. Maximum average settleable and suspended solids levels are
described in the NPDES permits as being 0.1 ml/L for settleable solids (SS) and 5 mg/L
for total suspended solids (TSS) for rearing area and full-flow settling discharges. Solids
include fecal material, uneaten feed, plant material, miscellaneous organic material, and
organic and inorganic sediments from the aquaculture facility’s source waters. Only the
net value for solids is considered for permit purposes as long as a source water sample is
taken concurrently.
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Feed, its manufacture, storage, and delivery to the fish is one of the most important
aspects of aquaculture waste management. Nutritionists and feed manufacturers
combine valid scientific data, quality ingredients, and good manufacturing practices
to produce high quality diets. Knowledgeable culturists properly deliver the rations
to maintain desired growth and fish health.

Variations in feed formulations can make significant differences in digestibility and
subsequent waste production. Fish meal, a major component of many fish feeds,
contains high amounts of protein which provides both nitrogen for growth and
energy for metabolic processes. Nitrogenous wastes, primarily ammonia, are pro-
duced through protein catabolism. Fat and carbohydrates provide most of the
energy needed for metabolic processes without the production of ammonia nitrogen
wastes. Optimum balances of protein and energy are used to ensure that energy
requirements are met and nitrogen excretion is reduced while growth is maintained.
These balanced rations produce less waste in the effluent when fed properly. Ongo-
ing testing of protein and energy sources is necessary for continued quality assur-
ance and improvement in dietary efficiency. Remember that fish produce waste from
the feed they are given. Improved feed composition and proper feeding techniques
help to minimize waste production. Waste removal follows as an equally important
means of preserving water quality.

Waste aquacultural phosphorus may enhance plant growth in receiving streams.
Waste phosphorus exists in uneaten feed, feces, and urine of fish. Therefore, an
important means of reducing wasted phosphorus is maximizing dietary efficiency,
thus reducing fish waste. Another way of lowering effluent phosphorus is to mini-
mize the overall level of phosphorus in the feed. This can be accomplished through
the use of good manufacturing practices, high quality ingredients (some specially
processed), and supplemental bioavailable phosphorus.

Long term storage of feed can adversely affect dietary efficiency. Feed should be
rotated (use oldest feed first) and only stored for the period recommended by the
manufacturer. In this way, the fish receive fresh feed with a full complement of
active ingredients.

Fines are small feed particles which result from any activities or conditions which cause
the feed to physically break down prior to use. This can include rough handling of
bagged feeds, improper unloading or discharge of bulk feed, or high humidity during
storage. Fines should be screened off when bulk bins are used for feed storage at the mill
or on the aquaculture facility. Most cultured species cannot utilize fines due to the small
size of the particles. Fines will irritate gills which leads to environmental and bacterial
gill disease. When fines are fed, water quality declines through increased solids and
dissolved nutrients which increases BOD and reduces available oxygen in rearing areas
and receiving waters. A light spray of fish oil can be used to complete fat specifications
and coat the outer portion of the pellets. This helps to hold unbound particles to the feed
and prevent some breakdown.
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Types of Feed

Methods of feed manufacturing include compac-
tion pelleting, extrusion with heat, cold extrusion,
and expansion. The difference in these processes
affect the price of the products as well as their
performance. Determining the feed cost-per-pound
of fish weight gained is useful in evaluating the
various brands and different types of feeds on the
market. The amount and type of waste generated is
another important parameter to consider when
comparing feeds.

Methods of feed manufacturing will affect the amount and Compaction Pelleti ng

type of waste generated. Left: an extruded feed.
Right: A traditional pelleted feed.
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Traditionally, trout rations have been steamed
compacted pellets. This type of pelleting provides a
relatively low cost feed with acceptable performance. The sinking nature of pelleted
feeds is important for bottom feeders such as sturgeon.

The shorter heating period and low pressure in compaction pelleting results in only
moderate binding by the starch. As a result, pellet durability is limited. The sharp
edges of pelleted feeds have a higher potential for erosion, resulting in fines. Pelleted
feeds are soft and easily broken when manufactured with the higher levels of fat
sometimes used in salmon feeds.

Feeding behavior is difficult to monitor when sinking pellets are used in turbid
water. Excess or wasted feed may go unnoticed. Pellets which sink to the bottom and
are not utilized will cause water quality deterioration if not removed. Extra attention
to feeding rates is necessary when feeding sinking rations.

Heat Extrusion

Extrusion is the process of passing feed ingredients through a die under high
temperature and pressure, resulting in expansion of the feed. Significant use of
extruded feeds in the Idaho aquaculture industry began in 1993. Prior to this,
pelleted feeds had been the main feed type employed. High temperature and
pressure and increased area retention time encountered during extrusion more
fully gelatinizes starches providing better binding and higher digestibility. Car-
bohydrates become more bioavailable improving feed conversion ratios and
reducing fish waste. Extruded feeds can contain higher levels of fat and maintain
their integrity. Rounded, extruded feeds are very durable and present little or no
problems with fines. Both floating and sinking feeds can be produced by extru-
sion. Extruded, floating diets can facilitate observations of feeding behavior. The
feed will also float downstream where smaller fish can feed away from larger
fish. Floating feed can become a problem if it is carried out of the raceway and
into the receiving stream. A board spanning the width of the raceway can be used
to catch floating feed at a desired location. Extruded feeds have a higher initial
cost due to more expensive equipment and increased energy requirements for
manufacturing and drying. However, feed cost-per-pound of fish weight gained
can be less for heat-extruded feeds due to increased digestibility and lower feed
requirements.
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Cold Extrusion

Cold extruded feeds do not require steam conditioning or drying after manufacture.
The lower temperatures result in lower digestibility and higher fish waste. However,
this process works well for the preparation of soft feeds which contain higher
moisture. The softer consistency is often preferred by species of fish feeding at lower
water temperatures. Mold inhibitors are necessary to store moist, non-frozen pro-
ducts. These feeds can only be manufactured to sink.

Expansion

Expansion is the process of conditioning feed mash with heat and pressure in much the
same way as extruded feed is conditioned. However, in expansion, the “cooked” mash
is sent through a pellet mill which results in sinking pellets. Advantages of expanded
feeds are increased digestibility and more efficient feed conversions. The use of ex-
panded feeds will result in less fish waste than in traditionally pelleted feeds.

Feeding Methods

Feeding methods are varied; however, standard practices must be employed to mini-
mize waste and maintain fish health. An important rule is to feed the fish and not the
raceway or pond. Regardless of the delivery system, the feed must be directed to the fish
to maximize feeding opportunity, thereby reducing the amount of wasted feed and the
effect on water quality. Feeding behavior must be observed on a regular basis to evaluate
fish health and monitor feed utilization.

Feeding rates involve a number of factors including fish size, water temperature, DO,
fish health, and management goals. The high growth rate of young fish require regular
increases in daily feed amounts. Fish metabolism increases as water temperature in-
creases which causes higher food requirements. However, as fish grow, their feed
requirement (expressed as percentage of body weight) declines. Most feed manufactur-
ers publish charts which provide guidelines for feeding levels, but feeding characteris-
tics of your fish must be considered to maintain proper levels. Appendix V shows a
typical feed chart for rainbow trout. Periodic sampling to determine fish size and total
biomass is necessary to select appropriate feed sizes and adjust feeding levels. The size
of feed particles must be increased with increasing fish size. Feed sizes that are too small
will irritate gills in much the same way as feed fines do. Additional energy is also
expended by the fish to ingest more small pellets for an equivalent weight of feed as
compared to larger pellets.

Generally, frequent feedings of smaller amounts are better than giving the day’s ration in
a few feedings. This is particularly true with small fish because they posses higher
metabolic rates than larger fish. Oxygen levels drop dramatically where large amounts
of feed are fed at one time. The oxygen debt after intense feeding sessions along with
BOD creates an unfavorable environment for fish. Poor performance and increased
waste will result.

Fish should be fed during the coolest parts of the day in hot weather. Reduce feeding
when water temperatures reach 65-70° F for trout. Feeding in low oxygen environments
reduces dietary efficiency and can result in fish health problems. Alternate feeding in
serial reuse ponds during low oxygen periods minimizes the oxygen debt created by
feeding and fish metabolism.
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Normally, feeds are delivered to promote maximum growth. However, situations arise
which require restricted feeding regimens. Fish health is important in determining
feeding rates. Fish will often refuse feed as a sign of unfavorable environmental condi-
tions or disease. Reduced appetite is a cue to adjust feeding levels to prevent waste.

Hand Feeding

Early life stages such as fry are usually hand fed. Fry require many regular feedings
throughout the day, providing opportunity to observe fish behavior. Feed the fish
only that amount which is consumed within a short period of time. Monitoring will
assure appropriate feed amounts are fed. Overfeeding not only results in wasted
feed but also creates unfavorable environmental conditions leading to gill disease
and mortality.

Mechanical Feeders

Mechanical feeders are normally operated to deliver a predetermined amount of
feed to the fish. Observations of the fish are important to insure the proper amount
of feed is delivered. Commercial feeder designs range from stationary units to
truck-mounted ones. Almost continuous feeding, which is useful in feeding fry, can
be accomplished with automatic designs such as spring-loaded belt or auger-driven
feeders. These designs deliver small amounts of feed at any one time and lessen the
negative impact on water quality.

A demand feeder.

Demand Feeders

A basic difference among feeding
methods is giving the fish a restricted
amount of food each day versus allow-
ing fish to feed to satiation. Demand
feeders were developed to allow fish to
make the decision of not only how much
but when feed is needed. Fish activate
the suspended feeder, dispensing small
amounts of feed, by bumping a rod
which extends to the water. Use of
demand feeders results in lower feed
conversions due to less stressful feeding
conditions and the absence of high
oxygen debts. Proper usage must be
addressed to ensure proper operation.
The feeders must be adjusted according
to the feed size and type. The rounded
nature of extruded feeds requires a
tighter adjustment on demand feeders.
This adjustment is critical to prevent underfeeding (adjustment too tight) or wasted feed
(adjustment too loose). Birds and other animals can trigger demand feeders, as can wind
and wave action. Animals can be fenced or screened away from demand feeders. Wind
deflectors have helped to decrease unwanted release of feed. Minor modifications have
been employed to help in adjustments for small sizes of extruded feeds. One example is
to extend the exit hole of the feeder with a section of PVC pipe. The flow of feed is
slowed as it travels through the PVC extension. This can prevent excessive releases of
feed during use. Demand feeders, as with any other design, must be monitored for
proper operation.
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WAasTE CHARACTERIZATION

Waste generated in raceway culture is related to the amount and composition of
feed fed. These wastes are composed of biosolids and soluble nutrients. Biosolids
result from uneaten feed and feces. The nutrients originate from fish excretion and
nutrient leaching from the biosolids. Influent water, depending upon the source,
also can contribute to the total loading of solids (inorganic sediments) and nutrients
on the farm. Particularly where surface waters are used, these solids can contribute
significantly to the burden of sludge removal and disposal.

The major components of biosolids are amino acids, proteins, fats, carbohydrates,
phosphorous, non-digestible fiber, and inert material. The amount of biosolids
generated is highly variable and depends upon quality of diet, digestibility of feed
ingredients, feed conversion efficiency, management practices, and fish health. It is
very difficult to accurately quantify the total amount of biosolids generated, and
even more difficult to separately quantify the amount of different waste components
generated. Chemical monitoring of the effluent is the traditional approach. The
biological and nutritional approach is based on measurements of apparent digest-
ibility coefficients (ADC), nutrient retention efficiencies (NRE), and the quantity of
uneaten feed. Total biosolids and soluble nutrients are calculated on a dry matter
basis. As feed ingredients and diet formulations change, ADC and NRE values will
change. Castledine (1986) provides factors which can be used to estimate the waste
generated from salmonid culture based upon feed consumption (see appendix I11).

The soluble nutrients include forms of phosphorus and nitrogen. Phosphorus is excreted
in soluble and particulate forms. The form of phosphorus consumed by the fish will
affect the amount of soluble and particulate phosphorus excreted. Phosphorus is avail-
able from the plant and animal ingredients used to formulate the diet. Feedstuffs of
animal origin (fish meal, meat, and bone meal) contain the highest concentrations of
phosphorus. Phosphorus from animal feedstuffs is more readily utilized than from plant
materials. From 60 to 70 % of phosphorus in plant material is unavailable to the fish and
is passed out with the feces. Any surplus dietary phosphorus is largely excreted by the
kidneys. As with phosphorus, feed is the source of nitrogen, which specifically comes
from dietary protein. Fish excrete nearly all waste nitrogen as urea and ammonia. Only a
small amount is excreted with the feces.

An individual fecal pellet is covered by a mucous sheath. The mucous sheath will
remain intact if the pellet is removed soon after deposition. If left where deposited
for an extended period of time, the swimming motion of the fish or scouring will
cause the feces to break into smaller particles. 