Use of Chemicals and Other Biological Agents in the
Management Practices Associated with Agquaculture

Introduction:  Aquaculturits  through
out the world have used a wide array of
chemicds and biologicd agents in an
atempt to improve soil and water
gudity and thereby prevent or control
different diseasess Some of these
substances are thought to kill the disease
causng agents or its potentid cariers.
Other substances ae clamed to
dimulete the immune sysem of culture
organism and hep them resg the
disease.  Substances that  improve
environmenta  conditions in ponds and
thereby reduce stress dso are thought to
enhance the resstance of culture
organism to disease. The agents used in
this attempt may be gpplied to pond soil
and water before culture organisms ae
stocked, applied to the water during the
crop or added to the feed. The purpose
of this review is to lig the mgor
chemicas and other substances used in
aquaculture and comment on their food
and environmenta safety datus and on
the risks associated with handling them.
The following groups of substances are
be induded: fetilizers liming materids,
oxidizing agents  anttibiotics  plant
extracts, coagulants, osmoregulators,
dgicides and herbicides, piscicides,
water qudity enhancers, probiotics and
immunogimulants  The mos  common
substances used in pond aguaculture are
fertilizers ad liming materids
Fetilizers are highly soluble and release
nutrients that can cause eutrophication
of pond waters. Some liming materias
are caustic ad can be hazardous to
workers if proper precautions are not
execdsed. Liming maerids do not
caue ewironmentd problems, and
liming ad inorganic fertilizer
compounds do not present food safety
concerns.  These  compounds  or
biologica products quickly degrade or

precipitate. They ae not
bioaccumulative and do not cause
environmenta  perturbations in  naturd

waters recelving aquaculture  effluents.
Most substances used in aguaculture to
improve soil or water qudity present
littte or no risk to food safety. The use
of human wades in aguaculture or the
contamination of aguaculture systems
with agriculturd or industrid pollution
could result in product contaminaion
and food safety concerns.

Fertilizers: Fertilizers ae agpplied to
aquaculture ponds to increase plant
nutrient concentrations, dimulate
phytoplankton growth and ultimady
enhance  production of fish or
custeceans. The most  common
inorganic  fetilizers ae nitrogen and
phosphorus compounds, but potassum,
trace metds and dlicaie may be
contained in some fetilizers. Fetilizers
may be agplied a individud
compounds or they may be blended to
provide a mixed fertilizer contaning
two or more compounds. Organic
fertilizers or manures are anima wadtes
or agriculturad by-products which, when
applied to ponds, may serve as direct
sources of food for invertebrate fish
food organisms and fish or they may
decompose dowly to relesse inorganic
nutrients tha dimulate phytoplankton
growth. Primary chemicd compounds
ued as featilize's ae highly water-
soluble sdts of nitrogen, phosphorus
and potassum. They usudly are applied
in quantities necessry to increase
concentrations  of  nitrate, ammonia,
phosphate, potassum and dglicate in
pond waters. In addition to the primary
nutrients, fertilizers usdly contan  a
sndl percentage by weght of fillers
and conditioners such as agriculturd



limestone, sand, rice hulls, granite dust
or keolin clay. Micronutrient eements
are sometimes applied to ponds in much
gndler quantities to supplement naturd
deficiencies. Because most
micronutrients are not  highly soluble,
they ae usudly cheated. Fertilizer
nutrients are absorbed by plants and
enter the food web of aqguaculture
ponds. Seldom is more that 25% of the
nutrients added to ponds in fertilizers
recovered in aguatic animas a harves.
These nutrients occur as condituents of
biomass such as protein, cacium,
phosphorous in bones and minerds.
None of the chemicad fetilizars ae
known to be of any hazard for food
sdety. The fraction of the fertilizer
nutrients not harvested in  aquaculture
products can be found in other pond
organisms, dead organic mater and
sediment or logt in outflowing water.
Nitrate can be converted to nitrogen gas
by denitrification and ammonia may be
logt to the air by diffusion.

Because fetilizers increese  nutrient
concentrations in the water, they can
cause nutrient enrichment when pond
effluents are released into water bodies.
If there are a few days between fertilizer
goplication and water discharge to the
surrounding  environment, mog  fertilizer
nutrients will have been absorbed by the
pond organisms, absorbed by sediments
o lot to the amosphere through
denitrification of ammonia
voldilization. Ponds ae extremdy
efident in assmilaing nutrients if the
average hydraulic resdence time is
severd weeks. Pond bottoms are not
infinite  dnks for nutrients but by
periodicaly draining and drying pond
bottoms, their capacity to asamilate
nutrients can be extended. Nitrogen
fertilizers have the potentia to incresse
anmonia concentrations in  the water
and excessve use can reult in toxic
ammonia concentrations  within - ponds.
Ammonium fetilizls and urea ae

acidic in  pond waters because
nitrification  releases  hydrogen  ions.
Nitrate fertilizers are basic because of
bicarbonate produced when
denitrification occurs.  Manures  have
much lower concentrations of nutrients
than inorganic fertilizers. Because of
ther low nutrient content, manure
goplication rates usudly ae much
higher then those for chemicd
fertilizers. Decompostion  of  manures
by bacteria requires oxygen and the
amount of manure that can safdy be
added to a pond depends upon the
biochemicd oxygen demand of the
manure. Adding manures to a pond
increese the potentid for low oxygen
concentrations in pond water and pond
effluents. Manures can sometimes be
contaminated by heavy meds and
present a low risk for food safety. In
some pats of the world aguaculturists
use human wastes as fetilizers, which
increese the risk for contamination of
aguatic animds with potentid humen
pathogens. When possible, it is more
desrable to use inorganic fertilizers
than manures in aguaculture ponds.
Manures can be more safdy and
efficiently disposed of as organic
fetiliz)s and  soil  conditioners  for
terrestrid agriculture.

Liming materials: Liming maerids are
agpplied to pond waers and soils to
neutrdize acidity and incresse totd
dkdinity. Incressed dkdinity buffers
water agang dragic daly changes in
pH common in eutrophic ponds.
Increasing the pH of an acidic bottom
sediment enhances the avallability of
phosphorus added in fertilizers. Some
cdcdum ad magnesum  (Dolomite)
from liming materids are absorbed by
the pond biota to become normal
condituents of plats and animds,
adsorbed by the soil or dissolved in the
water. The anionic component is ether
neutralized by hydrogen ions or it reacts
with carbon dioxide to form bicarbonate




that remains in the water to incresse
dkdinity. The pond sediments in
coadd environments often ae acidic
and the liming of pond bottoms is done
to neutrdize acdity and dimulate
microbid decompostion of the organic
metter accumulated during the crop
period. Burnt lime and hydrated lime
ae drong caudic materids and they
should be handled cautioudy. Contact
with eyes can possble cause blinding
and severe irritations can result from
skin contact. If used excessvey, these
compounds increase water pH up to 10
or more and cause toxicity in aguatic
plants and animas. The waer pH will
decrease to acceptable levels within a
few days after gpplications of burnt or
hydrated lime and ponds can be stocked.
Agriculturd  limestone or dolomite is
safer to use and considered to be the
mog effective liming materid for ponds
under norma circumstances. However,
in ponds where severe dsease problems
were encountered in the previous crop,
applications of burnt or hydrated lime to
empty pond bottoms may be effective in
destroying disease organiams in the soil
before the next crop is stocked. None of
the liming materids are known to be of
any hazard for food safety.

Oxidizingagents:  Oxidizing  agents
ae used for controlling phytoplankton,
killing diseese organians or oxidizing
bottom soils. Potassum permanganate
has been clamed to oxidize organic and
inorganic substances and kill bacteria,
thereby reducing the rae of oxygen
consumption by chemicd and biologicd
processes. Some fish diseases are aso
treated by the application of potassum
permanganate to fish in holding tanks or
in ponds. In water, permanganate
quickly oxidizes labile organic matter
and other reduced substances and is
tranformed to reaively nontoxic
manganee dioxide, which precipitates
out. Potassum permanganate is toxic to
phytoplankton and will reduce the

production  of
photosynthess.

dissolved oxygen by

Peroxides and chlorine compounds are
powerful oxidizing agents and they ae
srong irritants when highly
concentrated. Cacium hypochlorite is
sometimes applied to ponds to oxidize
organic matter and reduce the biologica
oxygen demand. Treatments of pond
water with large doses of chlorine may
be an effective means of destroying
disease organisms.  Sodium, potassum
and cadcium nitrate are sometimes used
as oxidizing agents. Nitrate compounds
have a badic reaction with they are used
by bacteria to support anaerobic
decomposition (denitrification).
Oxidants are transformed to inactive
forms when they react with organic
matter.

The most common chlorine compounds
for dignfection are chlorine gas (Ch),
cdcum hypochlorite [CAOCl);] and
sodium  hypochlorite  (NaOCI). When
chlorine gas is added to water, it
hydrolyzes to form hypochlorous acid
(HOCI) and hydrochloric acid (HCI):
Cly + H,O = HOCI +H" +CI

Hydrochloric acid is completdy ionized
and depending upon pH and
temperature, hypochlorous acid ionizes
to hydrogen ion (H") and hypochlorite
ion (OCT):

HOCL = H'+ OCI

Above pH 2, there will be essentialy no
Cly in waer. The ionization of HOCI
reaches 50% at pH 7.4 and at higher pH
vaues there will be more OCI than
HOCI. When sodium o cddum
hypochlorite is added to water they aso
form HOCI and OCI in reationship to
pH and temperature. Hypochlorous acid
and hypochlorite are cdled free chlorine
reduds. The rdative didribution of
these two species is very important
because the dignfecting effidency of



HOCI is 40 to 80 times that of OCI.
Chlorine readily oxidizes substances
such as Fe?*, Mré*, H,S and organic
matter and is reduced to nontoxic
chloride ion. Once oxidation is
complete, chlorine reacts with ammonia
to form chloramines. After ammonia
and other reduced substances have
reected  with  chloring, continued
addition of chlorine will result in a
direct increese in free chlorine residuds
(HOClI and OCI). The amount of
chlorine that must be added to reach a
desred level of resdud is cdled the
chlorine demand.

Chlorination is a commonly usd
method for dedruction of pathogenic
and other harmful organisms in drinking
water. In disnfection, enough chlorine
is added to meet the chlorine demand
and provide free chlorine redduds.
Some organic condituents of water
reect with chlorine resduds to form

toxic compounds such as
trihalomethanes, dioxins and
polychlorinated biphenyls (PCB9).

These compounds ae  suspected
cacinogen and they may contaminae
food. Dioxins and PCBs are thermaly
dable molecules that resst oxidation
and hydrolyss and pesd in the
environment. EPA  mentions that  both
dioxin and PCB molecules rarely cause
acute toxicity in humans, but they have
marked effects after repetitive or
chronic exposures. The magor threat
asociated with their presence in shrimp
is the increesng concens  in
international markets over contaminated
food and KloSant is the better
dternative to bleaching powder. The

implementetion of more  dringent
regulations for food importation will
utimady lead to the rgection of

drimp containing dioxins or PCBs. Of
course, the main source of
contamination for dioxins and PCBs in
cultured shrimp is not thought to result
from the use of chlorine in hatcheries or

production ponds, but from the use of
fish ail in the preparation of feed.

Chlorine dioxide —ClO, (KloSant) have
advantages over chlorine gas and
cdcium hypochlorite for use in water
containing ammonia and organic matter
in appreciable concentrations.  Chlorine
dioxide is grester than chlorine in
disnfecting power. It has an extremdy
high oxidation potentid, which accounts
for its potent germicidd powers.
Chlorine dioxide resduds and end
products are believed to degrade quicker
than chlorine resduds Formation of
halogenated organic compounds has not
been observed with the use of chlorine
dioxide, as has been the case with
chlorine and hypochlorites. There is no
evidence that any of these compounds
other than chlorine compounds leave
hamful reddues in the waer or
accumulate in the tissues of aguatic
organisms, 0 no food hazard is
asociated with them. Although chlorine
compounds have been reported to form
resdua compounds that are suspected
carcinogens, they have a long higory of
safe and beneficid use in  the
disnfection of drinking water.
Therefore, the use of  chlorine
compounds in aquaculture does not pose
a dggnificant food safety risk, but there
is some posshility of environmenta
contamination by reaction products of
chlorinein effluents

Formaldehyde solution (or formdin)-
Microlin is a generd dignfectant used
as a germicide, fungicide or preservetive
in various indudtries Its man mode of
action is to form covaent crosslinks
with  functiond groups on proteins.
Formdin will cause iritaion of the
repiratory sysem and skin reactions in
humans. It is suspected to be a
cacinogen. In the context of
agueculture, the chemicd may be
applied to the entire pond volume, but
more commonly, trestment is limited to



puddles of water in the bottom of ponds
after harvest. It is dso used as a
disnfectant in hatcheries. Formadehyde
is thought to be degraded by natura
processes before shrimp are stocked for
the next crop. No food safety hazard is
thought to be associated with the use of
formadehyde solution.

The geamicidd effect of iodine
(SparkDin)is based on its concentration.
It is commonly used to disnfect nauple
and lavee in hacheies and fams
lodine is thought to be degraded by
natural proceses in waer and should
not pose athresat to the environment.

Quaternary ammonium  compounds
(BKC) (BioNex) are used in hatcheries
and fams to disnfect larvae, tanks and
other equipment. These compounds are
sometimes added to ponds a 400g/ha in
attempts to kill bacteria Quaternary
ammonium  compounds  disrupt  cel
membranes and are most active agangt
gram-negetive bacteria There is no
evidence on the posshility that these
compounds, ther reaction products or
their degradation products  are
bicaccmulative or pose any threet to the
environmen.

Antibiotics: Furazolidone 5 a
common antibacterid used by humans
a a prophylactic treatment, in
aquaculture, it is used to disnfect larvae
and as a prophylactic agent during
transport. Other antibiotics are dso used
for the treatment of fish and shrimp
diseases in hatcheries and grow-out
ponds or applied prophylacticdly to
prevent outbreaks of disease. The use of
antibiotics in  dwrimp culture rases
sverd issues of concern to  human
hedth, product qudity and the
environment. Severd dudies on samon
fams have shown tha antibiotic
resdues can be extremdy persgent in
marine sediments and may lead to the
devdopment of bacterid  antibiotic

resgance. Use of chloramphenicd has
caused increased bacterid resistance in
drimp  hatcheries  The  ecologicd
implications of such antibictic misuse
ae not known, but a the very least
there is a direct threst to shrimp farming
crested by the emergence of antibiotic
resgant pathogens. There is d0
concern that transfer of such resstance
to human pathogens could have serious
human hedth implications. Antibiotics
can leave reddues in drimp flesh that
may lead to rgection of products in
export markets. Resddues of the
antibiotic oxytetracycline were detected
in famreared shrimp from Thailand,
India and caused rgection of shipment

to Japan.

Plant _extracts: The plant extracts like
KILOL, galic, extract of passon fruit
and neem ae used in aguaculture as
disnfectants. KILOL is made from
extracts of grapefruit seed and contains
a mixture of ascorbic acid and large
amounts of amino trace dements. It is
goplied to aguaculture ponds, either
directly or mixed with lime and is
clamed to be a generd water qudity
enhancer and bactericide. It is dso
added sometimes to fish or shrimp feed.
Both mgor compounds of KILOL are
consdered generdly safe if added to
human food. Garllic and extract of
passon fruits are dso applied to ponds

as  potentia bactericides.  These
compounds should not cause
environmentd harm or pose worker

safety or food contamination concerns.
Naturd  insecticides derived  from
products of the neem tree (Azadirachta
indica) are dso used occasondly. They
ae active agang nematodes, fungi and
ostracods.

Coagulants : Coagulants are applied to
pond waters to flocculate suspended

clay paticles and cause them to
precipitate in order to clear the water of
turbidity. Cdcium  aulfae  (gypsum)



disolves in waer to increase cacium
and sulfate concentrations. Cdcium and
sulfate may be absorbed in smdl
anount by plats and anmds to
become normd biologicad condituents.
Aluminum and feric iron ions from
duminum sulfae and feric chloride
goplications  quickly  precipitate  as
duminum and iron oxides Never-the-
less, these two compounds have a
drongly acidic reaction in  water
because of the hydrolyss of iron and
duminum. Because of thar high
potentid to create acidity, they should
be dored indoors and risks of soills
minimized. Aluminum sulfate and feric
chloride both should be handled with
cae because <kin irritation can result
from contact. None of these coagulants
are bioaccumulative and should not be
of any hazard to food safety.

Osmoregulators : These substances are
goplied to water to increase the dinity
or the cacium concentration and
improve conditions for osmoregulation
by cetan culture species. They ae
dmple «dts that dissolve in the water
and have little influence on the
composgition of aguatic animd products.
The two most common osmoregulators
are sodium chloride and calcium sulfate.

Algicides and herbicides : Algicides
and herbicides are gpplied to ponds to
reduce  the &bundance of nuisance
aquatic plants. Excessve phytoplankton
may rexult in chronicdly low dissolved
oxygen concentrations during the night
and blue-green agee are responsible for
off-flavor in fish and crustaceans
Larger aguatic plants create dense
communities that interfere with feeding
and harvest. A number of herbicides are
used to control weeds in aguatic
ecosystems, but only a few of them have
been cleared for use in aguaculture
ponds. Because of ther expense and
lack of effectiveness rddive to
mechanicd and  biologicd  control

techniques, their use is sddom judtified
in agueculture. A vaiety of dgicides
has been used in ponds, but four, copper
aulfate, chelated copper compounds,
dmazine and potassum  ricinoleste,
have been employed most extensvely.
Copper inhibits both respiraion and
photosynthess in dgee. High doses of
copper sulfate may be acutely toxic to
fish but copper compounds quickly
precipitate from water as copper oxide
and toxicity can be avoided if the dose
does not exceed one hundredth of the
totd dkainity concentration of the
water to be treated. Organisms may
absorb some copper, but concentrations
in tissues ae no greater than those
normdly found in ndive plants and fish.
Decapod crustaceans dso have the
ability to regulate essentid trace
edements, such as copper and zinc, a
least to some degree. No food hazard is
asociated  with  copper  aulfate  use
Copper is often chelated with citric acid
or triethanol amine to increese its
solubility and reddud time in water.
These organic compounds are degraded
farly by bacteria in ponds and they do
not accumulate in plants and animals.

Smazine (2-chloro 4,6 bis ethylamino-
S-triazine) is a powerful photosynthess
inhibitor and is extremdy toxic to
phytoplankton but non-toxic to fish a
the treatment rates used for dgd
control. Bacteria degrade Simazine, its
hdf-life is about 2 weeks and it is not
known to be bioaccumulative.
Potassum ricinoleste is a sgponified
fatty acid. It is degraded by bacteria and
is not bicaccumulative. Some  times
dyes ae usad in aguaculture to shade
the pond bottom and limit light for
underwater weeds. These are food dyes
that have a hdf-life of a month or more.
They ae not biocaccumuldive or
directly toxic to plants and animds. In
summary, copper sulfate, chelaed
copper compounds and Smazine ae
vay effective dgicdes They may



cause problems in ponds with low

dissolved oxygen concentrations
immediately after trestment, but they
have not been reported to cause

ecologicd problems in receiving waters.
None of these agicides are known to be
bioaccumulative and should not be of
any hazard to food sofety.

Piscicides : The mog common
piscicides are teaseed cake, sgponin
(SapoNex-Aqua), deris root powder
(rotenone), mahua  oilcake,  lime,
potassium permanganate and
ammonium fertilizer. The teaseed cake
contains 5.2—7.2% sgponin, a glucoside
that causes hemolyss in organiams. The
higher  sendtivity of  finfish  then
crustaceans to the glucoside has made it
an dfective pisticide in shrimp ponds.
The concentrations of these compounds
used for eadicating fish vay widdy.
The entire pond volume is sometimes
trested, but usudly trestment is limited
to puddles of water that reman in the
bottom of ponds after harvest. These
compounds ae degraded through
natural processes before the fish and
shrimp are stocked for the next crop. No
food safety hazards are thought to be
associated with piscicides.

Water guality_enhancers : The group
of chemicds cdled waer qudity
enhancers comprises products used in
attempts remove ammonia and improve
water qudity in ponds. The most
commonly used are zeolite, KILOL and
probictics. Zeolite is an duminoslicae
cay of high cation exchange capacity
and is applied to aguaculture ponds.
Fames aoply zeolite with the am to
reduce ammonia concentration through
ion exchange, providing physicd cover
over sediments to prevent leaching of
metabolites into the water column,
removing  suspended  solids and
improving waer colour and dgd
blooms. These functions are believed to
be achieved by ether flocculation of

sugpended solids, ionic exchange and
absorption of ammonium ions by zedlite
or the prevention of toxic metabolites
leaching from pond sediments by
coveing the sediments with a layer of
zeolite. Zeolite will settle to the pond
bottom and it does not cause food safety
problems or environmentd threets.

Probiotics : The common probiotics
used in pond management ae live
bacteria inocula (non-pathogenic
organisms) and fermentation products
rich in extracdlular enzymes. Clams
about the potentia benefits of probiotics
in aguaculture ponds include enhanced
decompostion of  organic  matter;
reduction in nitrogen and phosphorus
concentrations,  better  aga  growth;
greater avallability of dissolved oxygen;
reduction in blue-green agae; control of
ammonia, nitrite and hydrogen sulfide;
lower incidence of disease and grester
aurvivd and beter fish and shrimp
production (BioRemid, TerraGard,
Spark-PS — Neospark). The addition of
probiotics to aguaculture ponds should
not result in any damage to the fish and
ghrimp crop or to the environment. No
food safety hazards are thought to result
from probiotics.

[ mmunostimulants: The  immuno-
dimulants are used to boog the fish or
crugacean immune system. It indudes
extracts of Chanca piedra (Phyllantus
niruri), Yucca schidigera (Sarsaponin),

vitamin  mixes, products contaning
glucan, probiotics, extracts of other
naturd  products and homeopathic

products and these products are mixed
with the feed. In generd,
immunodimulants should not cause any
hazard to the environment or food safety
problems.

Summary: Most chemicads used in
aguaculture management pose little or
no food safety risk. However, some
fames my apply insecticides and



antibiotics to ponds and these
substances can be biocaccumulative and
present a food safety hazard. Accidental
contamination of aguaculture products
by pedticides and heavy metds does not
aopear to be a maor risk. Although
aqueculture chemicads ae generdly not
a food hazard, some of the compounds
pose risks to workers who apply them to
ponds. Enrichment of waer in
aquaculture ponds is dedrable, but the
direct discharge of such waters may not
dways be ewironmentdly sound.
Management practices that will reduce
potentid problems from aguaculture
effluents should be promoted and
implemented on a lager scde The
adoption of best management practices
by aguaculturigts is a practicdl way to
goproach environmental management  of
aquaculture. Most substances used to
improve waer qudity or to dimulate
the immune system of fish or crustacean
present litle or no risk to the
environment or food sofety.
Aquaculture farmers who use these
substances should follow product labels
regarding dosage, withdrawal period,
proper use, storage, disposal and other
condraints including environmentd and
human safety precautions.

Also, caeful records should be
mantaned regading use of chemicds
in ponds, as suggested by the Hazard
Andyss and Criticad Control Point
(HACCP) method. A greater effort must
be made to prepare lists of acceptable
chemicas and recommendations for the
use of these chemicds. Some chemicds
ae necessxy in aguaculture and a
sydem for usng them in a safe and
publicly acceptable manner must be
implemented by the aguaculture
industry worldwide.

Concluson : In future, as naurd fish
docks are getting depleted, it is likey
that we will have to rely increesingly on
agueculture for the production of fish
and crustaceans for human
consumption. Therefore, it is important
that the sudainability of this indudry is
maintained and it is essentid that this be
done with the minimum of impact on
the aguatic environment. Improved
aguaculture practices coupled with the
more effective assessment and need-
based use of cientificdly approved
chemothergpeutants and other biological
agents should a least go pat way in
mesting these objectives.



