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Thermal Pollution Effect on Fishes
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ABSTRACT Research Paper- Zoology

I'n our recent environmental awareness, we have coined the phrase " thermal pollution” for extensivethermal changesto natural
aquatic environments that are believed to be detrimental to desired fish populations. The key to controlling " thermal pollution"
is a firm understanding of how temperature affects fish, and of the circumstances that truly constitute pollution. All other
environmental factors, such aslight, current, or chemical toxins, act upon fish simultaneously with a temperature regime. With
so much of a fish'smetabolic activity dependent upon temperature, both immediate and previous, it islittle wonder that responses
to other environmental factors change with differing temperature. The interactions are seemingly infinite, and the general
impression that one obtains is that temperature is masking a clear cut definition of the response pattern to any other
environmental parameter. It is clear that temperature is probably the preeminent master factor in the lives of fish. No study
of fish in relation to their environment would be meaningful without consideration of thermal relationships. This review can
direct the curious to more comprehensive treatises. From a different perspective, there are few environmental modifications
that man could make to aquatic systems that would be so assured of causing some ecological change as temperature. Within
limits, fish possess effective mechanism for adapting to thermal changes, for such changes are a normal part of their existence.
Man must be careful not to exceed these limits, however, if he wishes to preserve a productive commercial and recreational
fishery.

Introduction:

Temperature is one of the most important factor and all life processes are accelerated or slowed down by
the solubility of gasesand saltsinwater. Thevolume aswell asdensity of the water depends upon temperature. One
of thecharacteristic propertiesof water isitshigh specific heat. By absorbing and releasing heat slowly, water serves
asan excellent medium for heat exchange. Hence water has been used for many heating and cooling purposes. The
major use of water asacoolant isin the electric power industry. The steam el ectric generating unit receives exhaust
steam from the turbine, whichis subsequently cooled to condenseit to water. The cooling of exhaust steam requires
largequantitiesof coolingwater, whichisdrawnfromariver or estuary adjacent to the el ectric power plant and made
to circulate through the unit condenser. When water isfinally discharged to the stream, itstemperatureis generally
10-160C higher than the initial temperature, thus causing a progressive warming of the water body,

The discharge of waste heat into natural watersistermed asthermal pollution and is one of the prominent
causes of environmental damage. This article describes the catastrophic effects of thermal pollution on the popu-
lation of fish, followed by a synopsis on how thermal loading, if unavoidable, may be put to beneficial uses.

A good amount of information is available on how temperature affects the life processes of fish. Most of
the effectsstemfromtheimpact of temperature on therate of metabolism, whichisspeeded up by heat inaccordance
withthevant Hoff'sprinciplethat rate of chemical reactionincreaseswithrisingtemperature. Ingeneral, themetabolic
rate doubles with each increase of 100C.

Effect on Fish:

All organismshavetemperaturelimitsto their survival ability, but for most, acclimationispossibleto some
extent if thetemperature changeisgradual. The sudden change intemperature, however, isgenerally lethal. Hence
arapid changein temperature or the sudden transference of fish towarmwater, may result in death at atemperature
well below that regarded as lethal for the species.

Temperature al so affects the longevity of fish. High temperature may lead to a short but exhaustive spell
of rapid growth, Daphniacanlivefor 108 daysat 80C, but itslifespan at 280C isonly 29 days. Thewater fleaMoina
has alife span of 14 and 5 days at 130C and 330C respectively.

Anincreaseintemperature causes not only disappearance of dissolved oxygen, dueto the lower solubility
of oxygen at higher temperatures, but also an increase in the rate of respiration of fish. The oxygen consumption
for most fish increases four fold as the temperature of water is rai sed to the maximum at which they could survive.
At higher temperatures, the hemogl obin of fish'sblood has areduced affinity for oxygen and therefore becomesless
efficient in delivering oxygen to the tissues. The combination of increased need for oxygen and reduced efficiency
inobtainingit at higher temperaturescan put severestresseven onfishthat arenormally capableof livinginalimited
supply of oxygen.

Temperature profoundly affects the reproduction of aguatic animals. An increase in temperature induces
seasonal development of gonads and triggers femalesto deposit their eggs. A rise in temperature al so reduces the
timetakenby afish'seggtohatch. Ingeneral, thefishtendto rai setheir swimming speed and show more spontaneous
movement as the temperature rises. The decreasein speed at higher temperatures affect their ability to feed. They
slow down in pursuing minnows and at still higher temperatures are almost incapable of catching minnows.

Thetemperature of water hasapronounced effect on theassimilation of food infish. It hasbeen established
that digestionisfast at higher temperatures. Tracer experiments with young carp, in which food was |abeled with
colour, revealed that at 100C, thefood took 18 h to passthrough the alimentary canal, while at 260C it took only 4-
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5 h. Sinceat higher temperatures, the metabolic activity of thefish increases, asubstantial portion of thefood intake
inwarm watersis utilized for merely maintaining the body functions.

Temperature differences during growth and devel opment have induced morphological changesin aquatic
organisms. Whitefish subj ected tothermal pollution showed agapejaws, eyeabnormalitiesand twining. Above 300C
theincidence of spinal deformationishigh. Thetoxicity duetoinsecticides, detergents, paper mill effluentsand other
chemicalsincreases with risein temperature.

Beneficial Uses:

Itisbecomingincreasingly evident that we cannot continueto inject waste heat into water without causing
seriousenvironmental problems. Two mechanical meansareempl oyed for abatement of thermal pollution. Theseare
the wet cooling towers and the dry cooling towers. In the wet cooling method, hot water is sprayed over bafflesin
huge hyperbola shaped tower. Cool air rising through the tower carries waste heat and the cooled water is either
discharged into the stream or recycled. Two problems are associated with the wet tower technique. Firstly, a
substantial amount of water is lost through evaporation. This not only vitiates the benefit of recycling, but also
concentrates whatever pollutants the effluent may contain. Secondly, in cooler regions, there is extensive fog
formation in the vicinity of the wet cooling tower, causing damage to vegetation.

In adry cooling tower the heated effluent is contained in a system of pipes. Air is passed over the pipes
by alarge fan facilitating heat exchange by radiation and convection. Water loss and fog formation are controlled
by thismethod, but installation and maintenance costs are much higher ascompared to those of awet cooling tower.

Since both the abatement techniques suffer from one or more drawbacks, it is desirable to take advantage
of some positive aspects of thermal loading. Warm water outfalls in winter attract fish because they extend often
prevents adequate oxygenation of thewater beneath. The artificial rearing of catfishinwinter iscarried outin cages
exposed to thermal loading.

Conclusion:

By combining waste water from a power plant and effluents from a sewage treatment plant, the heat and
nutrients, considered a nuisance in most environments can be put to good use. But supplying heat-tolerant algae
asprimary producers and introducing warm-water fish to harvest the algae, water would havetimeto cool, haveits
nutrient content sharply reduced, and its algae harvested in the form of useful protein, before being returned to the
natural environment. It hasbeen established that growth of some cropsisaccel erated by irrigation withwarm water.
Hence heated water may be put to good use by applying it to such crops. Frost protection can also be achieved by
spraying fruit trees with warm water. Waste heat is also being used in desalination plants to aid in the evaporation
process.

* Head, Department of Zoology, Hawabagh Women's College, Jabalpur- M.P.
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