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PROJECT OBJECTIVES:

1. Characterize aquaculture effluents for
finfish and shellfish aquaculture production
systems.

2. Determinebest management practicesand
investigate available and new treatment
technol ogiesto maintainhigh effluent water quality.
These technologies will include water reuse,
conservationandrecycling techniques.

3. Compare the economics of the
management practices and treatment
technologiesin Objective2.

4. Develop and disseminate educational
material s and conduct demonstration projects
for producersand policy makers. Thisobjective
will be conducted throughout the duration of
thisproject.

ANTICIPATED BENEFITS:

Resultsfromthisstudy do not giveimmediate
benefits to the industry. The results obtained,
however, apply to all aquaculture in the
Southeastern United States. Characterization of
aquacultural effluents and investigation of best
management techniqueswill beinvaluabletothe
industry as permitting of effluents of all types
becomes more stringent. Thisdatawill givethe
aquaculture industry a pro-active position as
pertainsto agency permitting policies.

PRINCIPAL ACCOMPLISHMENTS:

Aquacultural effluentswere characterized
for catfish levee ponds by Mississippi State
University, for watershed ponds by Auburn
University, hybrid striped bass by Waddell
Mariculture Center and crawfish effluents by
LouisianaState University. Twenty commercial
catfish pondswereusedintheleveepond effluent
study. High nutrient input ratesand favorable
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conditions for plant growth during summer
monthsresulted in high phytoplankton growth,
settleablesolids, suspended solids, chemical oxygen
demand, and biochemical oxygendemand (BOD).
Total phosphorous, solublephosphorousandtotal
nitrogenwereal so highestinsummer. Ammonia
and nitrate were highest in the cooler months
because photosynthesis was reduced. The
seasonablewater quality parametershave positive
implications on when water isreleased as most
effluentisrel eased during thewinter when effluent
water quality parameters are best. However,
retention ponds for treatment would be more
effectiveduring summer.

Water samples were collected from 25
commercial catfish ponds in central and west-
central Alabama. Ranges for variables were as
follows: BOD ; 1.9-35.54mg/L ; settleablesolids;
0-1.8 mg/L; suspended solids; 5.2-336.7 mg/L;
volatilesolids; 0.02-221.0mg/L ; total phosphorous;
0-1.85 mg/L; soluble reactive phosphorous; 0-
0.74 mg/L; total Kjeldahl nitrogen; 0.58-14.04
mg/L ; total ammonianitrogen; 0.008-8.071mg/L ;
nitrite-nitrogen; 0.001-1.410 mg/L; nitrate-
nitrogen; 0-6.661 mg/L ; dissolvedoxygen; 0.8-16.8
mg/L; pH; 4.9-9.5. Concentrationsof water quality
variableswere skewed toward thelower ends of
theseranges. Concentrations of some variables
were occasionally higher than those normally
encountered in natural streams and exceeded
recommended effluent concentration limits.

Watershed pondswith maximum depths of
3-5 m which thermally stratify during warm
months are sometimes used for commercial
aquaculture. Hypolimnetic water in six
watershed ponds for aquaculture in Alabama
were depleted of dissolved oxygen and had 2.4-
43.2 mg/L of ferrousiron, 0.01-0.25 mg/L of
total manganese, 0.24-3.59 mg/L of total
ammonianitrogen, and 0.07-1.29 mg/L of total
sulfide. Concentrationsof nitrite-N and 5-day
BOD wereno higher in hypolimnetic water than
innormal surface water of aquaculture ponds.
Volumes of oxygen-depleted water averaged
3.2 to 20% of total pond volumes, but much

greater volumes of pond water contained less
than 3 or 5 mg/L of dissolved oxygen. Discharge
of hypolimneticwater from aguaculture pondsinto
natural waterwayscould haveanegativeimpact on
water quality.

Seventeen commercial and two experimental
crawfish ponds in south-central and southwest
Louisiana were selected for effluent
characterization. Thepondsrepresented cultivation
systems including rice-crawfish ponds (rice-
crawfish rotation, rice double cropping);
sorghum-sudan grasses or colonized by native
terrestrial/native aquatic vegetation); and wooded
ponds(nativeterrestrial/nativeaquati c vegetation
and leaf litter). Macrophytic standing crop was
estimated in each pond in mid-October, mid-
January, and mid-April with quadrat sampling.
Effluent sampleswere collected onfour daysina
two-week period in November 1991 (late fall),
February 1992 (winter), and late March - early
April 1992 (spring). Summer samples were
collected onat least threedaysduring pond draining
from late April through early July. Water was
analyzedfor parametersdecided uponby theSRAC
working group.

The Waddell Mariculture Center (WMC)
assessed commercial striped basshybrid (SBH)
pond and effluent water quality. Anattempt has
been madetoincludecommercial pondswitha
wide range of production goals, including
fingerling production ponds. Saltwater and
freshwater pondswereincluded aswell. Since
pond dynamics can result in dramatic short-
term fluctuations in many water quality
parameters, more frequent sampling of SBH
pondsat WM C wasdone. WM C pondsinclude
intensivejuvenile production pondsand grow-
out pondsstocked at two densities. Thelower
stocking density and feeding rate was close to
theaverage of commercial farmsandthehigher
density wasapproached or slightly exceeded the
limitsof fish productionin pondswithout water
exchange. All data sets were sent to North
Carolina State University for inclusion into
databases.
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Excluding fingerling production ponds, the
fish biomass encountered in the commercial
pondsranged from 450to0 12,500 |bs/ac with an
average of 3,700 Ibs/ac. Feeding rates for
production pondsranged from 2 to 133 |bs/ac/
day with an average of 50 Ibs/ac/day. It is
generally believed that digestion processes
within the pond were capable of assimilating
about 100 Ibs/ac/day of feed if supplemental
aeration is available to maintain dissolved
oxygen. Thus, at the higher feeding ratesbeing
used by some commercial SBH farms, adegree
of water exchange may be necessary to transfer
part of the digestion process to the receiving
stream or highland crops. Indeed the highest
water exchangerates have been encounteredin
these pondswith the highest feeding rates.

In summary, the potential for adverse
environmental impact from effluents of striped
bass hybrid ponds is no greater than that of
catfish ponds. Through thoughtful and well-
informed farm design and operation, the potential
for environmental impact can be virtually
eliminated.

In order to determinethe best management
practices (BMP) for catfish effluents it was
necessary to determinethetiming and quantities
of effluentsdischarged from commercial catfish
farmsin Mississippi.

Datawerecollected from commercial catfish
farmswith 10,413 water surface acresdevoted
to food fish production, 1,261 water surface
acres devoted to fingerling production and
hatcheries that hatch more than 100 million
catfishfry annually. These dataindicated that
thefollowing conclusionsarewarranted:

* Thecost of pumping (economics) tendsto
minimizethe amount of water used on
catfishfarms.

* Foodfishandfingerling production
resultsinonly about 20 inches of water
per acre per year being discharged into
theenvironment.

» Dischargeof water fromexcessrainfall for
food fish producersand management
practices(draining pondsprior to stocking
fry) for fingerling producersaccount for
most of thewater rel eased.

* Thetimeof dischargeissuchthat thewater
in pondscontainsthe seasonally lowest
concentration of potential pollutantswhen
discharged.

* Thetimeof dischargeissuchthat the
receiving streamsareat, or near, their
maximumflow.

» Hatchery dischargewater presentsfew, if
any, potential problems.

* Basedonthesedataand analysis, the
commercial catfishindustry presents
minimal environmental pollution problems
fromeffluent discharge.

* Thereisno apparent need to develop a
plan for discharge water treatment at this
time.

Researchersin Mississippi also found that
the best time to release effluents from catfish
pondswasduring thewinter whenwater quality
wasbest. Thiscoincidedwiththerainy season
when most effluentswerereleased. The study
also found that water quality from ponds not
drained each year had suitablewater quality as
in ponds where biological processes reduced
nutrients and organic matter in excess of a
singlepond - volumedischarge. Thisresultsin
lesseffluents and reduced pumping costs.

Research at Auburn University indicated
that of the nitrogen, phosphorous, and BOD
discharged, 50% was discharged in the last
15-20% of the effluent discharged. Of the
settleable solidsdischarged, 50% wasrel eased
inthelast 5% of the effluent discharged. These
findingssuggest that the best way to minimize
the pollution potential of aquaculture pond
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effluents is to harvest ponds as quickly as
possible, and either to not dischargewater during
the seining phase or to discharge this highly
contaminatedwater intoasettlingbasinor retention
pond. It isfeasible to allow effluents to flow
untreated into the environment during the pre-
seining phase of draining as concentrations of
potential pollutantsarelow. Resultsfromundrained
and drained ponds were similar in the Alabama
study. It was concluded that harvest without
drainingwasafeasibletechniquefor reducingthe
pollution potential of catfishfarming.

A study utilizing fish effluents for crop
irrigationwasconductedin Georgia. Bothsoybean
andwheat weregrown. Itwasconcluded that pond
effluent can beapplied asirrigation water to crops
to satisfy aportion of thenitrogen requirement, but
little phosphorous is provided. Pond water is
generally not changed by flushing (25%), but
effluent applicationto cropland could reducethe
volumeof effluent reaching natural systems. Pond
flushing and refilling may reduce the amount of
emergency aeration required for channel catfish
ponds.

Theinfluenceof water recircul ationin outdoor
ponds coupled with the use of filter feeding fish
wasinvestigated asaBM P at acommercial catfish
operation in southeast Texas. They found that
effluent parameterswerewithintherangesreported
by other authors. Thisresearch suggests, although
the pond systems were managed inconsistently,
that production was significantly higher in the
recirculated pondsversusstatic pondswithonly a
slight increaseinlevelsof some of the measured
water quality parameters.

Investigatorsat North CarolinaStateUniversity
researchedtheuseof water hyacinth based treatment
systemsand wetland plant nurseriesfor effluent
treatment. Tolook at theeffectivenessof thewater
hyacinth based treatment system, asystemwasset
up at Tidewater Research Station, Plymouth, N. C.
Twodifferent flow ratesof 80001/d and 160001/
dwerechosenandstudied. Thesystemwasfound
tobefairly efficientinremoving suspended solids.

Thehighest removal efficiency wasabout 90%
whiletheaverageremoval efficiency was 60%.
The average removal efficiency, at the lower
rate of 8000 |/day, was 67% whilethe average
removal efficiency at the higher flow rate of
16000 l/day was 51%. Some reduction of
phosphates was observed in the system. The
average removal efficiency at the lower flow
rate was 16.5% while the average removal
efficiency at ahigher flow ratewas9.5%. The
average removal efficiency for nitrates at the
lower flow rate was 38% while the average
efficiency at thehigher flow ratewas11%. The
average TKN removal efficiency at the lower
rate was 42% while the average removal
efficiency at the higher flow rate was 31%.
Thus, better efficiency wasobtai ned at the higher
detention time. Though a reduction in
ammonia-N content of the effluent was observed
in somecases, overall, theammonia-N content
of the effluent did not show any appreciable
reduction and seemedtoincreasein quiteafew
caseswhich could have been caused by:

a) Decomposition of organic matter into
ammonia.

b) Fixation of N, from the atmosphere by
blue-green algae.

c) Nitrifying bacterianot having achanceto
establishthemselves.

The use of aquaculture effluents to grow
nursery plantswasalsoinvestigated. Thethree
wetland plant species propagated during the
twoyear study grew very well withno additional
nutrient input. From this perspective,
aquaculture pond water/effluent is a suitable
(low cost) irrigation and nutrient sourcefor the
propagation of those plants. From an
aquacultureeffluent control point of view, the
only major benefit wassuspended solidsremoval.
From afarmer'sperspective, thisisanimportant
finding. Through the application of this
technology or by utilizing aconstructed wetland,
aquaculturepond farmershavean alternativeto
discharging untreated waters.

Page 22



SRAC Seventh Annual Progress Report

December, 1994

ResearchersfromtheUniversity of Arkansas
at PineBluff (UAPB) conducted economicanalyses
on effluent management strategiesfor catfish and
hybrid striped bass production in ponds and for
trout production in raceways. Effluent
management strategies analyzed for the
warmwater pond systems included: usingpond
water toirrigaterice, useof constructed wetlands,
and useof filter-feedingfish stockedin ponds. For
the trout model, effluent management strategies
analyzedincluded: constructed wetlands, filter-
feedingfish stockedin pondsfed by theraceways,
and the use of settlement basins. Resultsshowed
that effluent treatment with these technologies
wouldincrease production costsby $0.02to $0.05
per poundfor catfish and $0.28t0 $0.31 per pound
for hybrid striped bass.

The use of effluent for crop irrigation was
shownto betheleast expensivetreatment option.
Thetechnique selected for effluent treatment,
however, will bedetermined by regulationsand
impact on production. However, all treatments
analyzedreduced net farmrevenuesdueto either
treatment cost, optimal farm size, or stocking
rates. This study also showed that imposing
effluent control will create barriers for new
catfish farmers, particularly small-scale (less
than 320 acres) farms.

Aneconomic engineering approachwasused
to construct cost estimates for the parameters
shown below:

3levelsof production
small - 30,000 to 50,000 Ibs/yr
medium - 100,000 Ibs/yr
large- 230,000 | bs/yr
2raceway sizes
6'X35X3
122X 70X 3
3flow rates
500gpm
1500gpm
3000gpm
2 management levels
new
experienced

2final fishweights
140z
48 0z

5effluent treatment methods
surfaceflow constructed wetlands
subsurfaceflow constructed wetlands
settlementbasin
filter-feeding bighead carp
notreatment

Filter-feeding bighead carp had an ability to
reducetheBOD level. Only when BOD levels
were reduced to 2.5 mg/I did the constructed
wetlandsbecomefeasible. Thewetland system
appeared to be more cost effective at lower
water flow ratesand with smaller fish.

Bighead carp production may not be practical
inall trout producing regions. When bighead
carpwereremoved from themodel, net returns
remained the same, but water flow rates (500
gpm) were reduced. When a tax of $60 per
mg/l BOD discharged was levied, net returns
were reduced. However, new producers or
smaller farms in the model, paid the tax on
effluent dischargerather than build constructed
wetlands. Net returnswerereducedby 1%to2%.

A tremendousamount of work hasbeen done
by scoresof researchersonthecharacterization of
effluent from flow-through fish systems,
particularly thosefrom salmonid production. The
enormous variation seen in the reported values
illustratestheimportance of factorssuchasmode
of operation during measurement, stocking density,
compositionof feedandfeed conversionefficiency,
and the intensity of water use. Designers of
systemsfor wastetreatment optionsmust consider
very site-specific and management-specific
parameters in planning to meet the myriad of
environmental regulations applicable to flow-
through systemsin aquaculture.

IMPACTS:

Itisdifficult to estimate theimpactsof the
study directly on productionfarmers. Thedata
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collected doescharacterize aquaculture effluents
and presentsdataon BMP’s. Thisdatawill be
valuable to both farmers and regulators as they
devel op permitting criteriaand options. Economic
dataindicatesthemost feasi bl eeffluent treatment
methods and BMP’s. If treatment methods are
required by public agencies, they could cause
economic barriers to entry into the aquaculture
industry.
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SUPPORT:
OTHER SUPPORT TOTAL
SRAC+
SRAC OTHER TOTAL OTHER
YEAR | FUNDING | UNIVERSITY [ INDUSTRY FEDERAL OTHER OTHER SUPPORT SUPPORT
1 145,000 90,294 90,294 235,294
2 169,000 146,369 146,369 315,369
3 141,500 129,375 129,375 270,875
Total 455,500 366,038 366,038 821,538
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