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Abstract

Objective: Toxicity of contaminants in the aquatic ecosystems is found to be affected by rise in temperature due to global
warming. The main objective of the present study was to investigate the toxicity effects of some specific organic and
inorganic contaminants like iron, copper, endosulfan, chlorpyrifos, phenol, chlorine, cyanides, nitrites and ammonia at
different temperatures to fish fauna. Methodology: secondary data concerning with the impact of temperature fluctuations
on toxicology of contaminants in aquatic ecosystems especially with reference to fish fauna was collected to review and
predict their correlation. Findings: This review study indicated that toxicity of contaminants is greatly affected by climate
change and it may have adverse effects on biology of fish fauna. The concentration of toxic contaminants which is not active
at low and moderate temperature proved lethal with increase in water temperature. Application: This review study may
sensitize the ecologists to draw correlation between temperature and toxicity of contaminants for effective management
of aquatic ecosystems and fish fauna. This will also essentially helpful in understanding of basic mechanisms that allow the
aquatic fauna to survive in the contaminated waters. Conclusion: The study of interaction mechanisms of aquatic toxicants
with environmental factors and their management in aquatic ecosystems, hence, is the need of hour otherwise; they can

lead to loss of aquatic biodiversity and can disturb ecological balance.
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1. Introduction

Aquatic ecosystems are home to a vast diversity of
flora and fauna. They act as sinks for a great variety of
anthropogenic contaminants, many of which are toxicﬂ.
These toxic contaminants are broadly classified into three
main types-heavy metals, metalloids and pesticides. A few
of heavy metals like Zn, Cu, Co, Mn, Fe and Ni are needed
for regulation of biological metabolism in trace amounts
and hence, biologically important. They are found to be
toxic in their higher doses. Heavy metals like Pb, Hg,
Cd and As are potentially toxic at any concentration
and hence, are not biologically usefulﬂ. The fourth IPCC
report published in 2007 revealed that anthropogenic
activities are largely responsible for the observed and
projected changes in the environment that may adversely
affect life and these changes may get more intensified
in the near futureﬂ. There are several environmental
variables like temperature and pH that have marked

* Author for correspondence

effect on the toxicity of contaminants. Temperature is
a key factor that can have serious physiological effects on
living systems and directly influences the tolerance limits
of toxic substances in the aquatic biota. It has long been
known to cause significant alterations in the chemistry
of a number of chemical pollutants that effects aquatic
faunaﬂ. Rise in temperature is found to increase the rate of
uptake of pollutants with increase of metabolic rate and
decrease in oxygen solubility. It has been reported that
the upper temperature tolerance limits are decreased in
the presence of certain organic chemicals for a variety of
freshwater fish speciesﬂ. At optimal temperature range,
growth and reproduction rate is high and abundance of
the species will be more. Outside this range, there are
zones of physiological stress that may affect distribution
as well as activities of organisms by producing stress and
discomfortﬁ. Temperature tolerance ability of fish may be
affected by presence of contaminants in the water bodies,
their concentration and time of exposure. It has been
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reported that high temperature tolerance ability of fish
is directly reduced by chronic exposure to contaminants.
High temperature may further augment the toxicity of
contaminants in aquatic ecosystems. It may directly affect
the growth and development of fish. Developmental
abnormalities especially during osteogenesis may be
induced by such thermal changes. Many substances
like cyanides, phenol, zinc, ammonia, nitrites exhibit
increased toxicity at elevated temperatures. The purpose
of this review paper is to survey the present knowledge of
contaminant toxicity to fish with relation to temperature
parameter and is an indicator of the fact that climate
changes may have ill effects on fish biology.

2. Impact of Water Temperature
Fluctuations on Fish Biology

Fisharecoldbloodedanimals;hencetheirbodytemperature
vary with the surrounding water temperature. They are
abundant in those water bodies whose temperature
show minor fluctuations with respect to environmental
temperatures. The fish body temperature is almost
isothermal with the surrounding water temperature with
minor fluctuations of + 0.5 to 1°C. Water temperature
directly influences the fish metabolismﬁ. Higher the
water temperature greater is the fish body metabolism.
This is applicable particularly to fish residing in the
warm water. Certain fish like salmonids and whitefish
residing in the cold water show normal metabolic activity
at comparatively low temperatures, in contrast to high
water temperatures. When the water temperature is
above 20°C, they become passive and even take the little
food. Elevations in water temperature effects aquatic life
by decreasing the solubility of dissolved oxygen, thereby,
increasing the oxygen demand of fish and metabolism.
Rise in temperature increases the solubility of many toxic
contaminants in the water bodies. It also increases the
permeability of tissue towards toxic contaminants, with
increase in their basal metabolic rate, water and oxygen
consumptionﬁ. Immune power of majority of fish is also
affected by water temperatures showing optimal activity at
15°C. Minimal and maximal temperature tolerance range
in the majority of fish is 0°C and 20-30°C respectively.
Abrupt seasonal changes in temperature and shifting of
fish to new water body whose temperature is high or low
than the native aquatic ecosystem may lead to temperature
shock in fish. It may lead to paralysis of respiratory
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and heart muscles followed by death of the fish. Hence,
a concentration of a toxicant which is not active at low
and moderate temperature proved lethal with an increase
in temperature in a water bodyH.There are a number
of factors on which temperature tolerance limits of an
adult fish depends like fish species, prior acclimatization,
oxygen concentration and the synergistic effects of other
contaminants. Researches carried on fish toxicology
indicate increased toxicity of contaminants with rise
in temperature and revealed that rate of absorption of
inorganic contaminants such as lead, mercury and zinc
and their biomagnifications in the tissue will increase
with temperature and may prove lethal at their excessive
concentrations|>'{. The rate of accumulation for mercur

and DDT has been shown to increase with temperature
In contrast, studies on other organic contaminants have
shown toxicity to decrease with increasing temperaturesﬂ.

2.1 Effect of Temperature on Pesticide
Toxicity

Toxicity of contaminants in the water bodies is found
to be augmented by global warming and it initiated the
complex interactions between contaminants and aquatic
creatures. A study was conducted in order to evaluate the
effects of temperature on acute toxicity of pesticides like
endosulfan; chlorpyrifos and phenol. The three warm
water species of fish namely silver perch, rainbow fish,
and western carp gudgeon and one cold water species
of rainbow trout were taken for this study. It was found
that an elevation in temperature significantly affects the
pesticide toxicity. It is evident by endosulfan toxicity
impact values at low and high temperature to silver perch
and rainbow trout. Its toxicity is reported to increase at
30°Cand 35°C than at low temperature range from 15°C to
25°C during short exposures of 24 hours, but, temperature
had no effect on toxicity at 96 hours. Chlorpyrifos show
more toxicity to all species with increasing temperature.
A decrease and increase in toxicity of phenol is observed
in all fish species at low to intermediate temperatures and
toward the upper thermal limit respectivelyﬂ. On entering
the aquatic environment, the original active ingredient of
a pesticide (like parathion) may undergoes biochemical
degradation and changes into secondary pollutants
(paraoxon) which may prove more fatal to fish than the
original active primary pollutant. Trichlorphon based
organo-phosphorus chemical insecticides are generally
used to kill predatory cyclopids in natural water bodies
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and fish cultivation sites before stocking the pond with
juvenile stages of fish. These may further decompose into
highly toxic secondary stage pollutant namely dichlorvos.
High water temperature increases the permeability of
fish tissue towards pesticide and hence, facilitates the
transport of pesticides in the fish tissue. Majority of
organic Pesticides like DDT, carbamates, pyrethroids and
diazines are found to show biological magnification in fish
fauna by concentrating in their tissues, thereby, reducing
and altering the tissue functionality. The condition may
prove lethal at higher concentrations of pesticide in water
bodies as well as with increase in water temperatureﬁ.

2.2 Ammonia Toxicity in Relation to Water

Temperature to Fish Fauna
Aquatic ecosystems are generally contaminated with
ammonia which exists in water in molecular and/or
ionic form (NH,/NH*). The concentration of molecular
and ionic forms of ammonia depends on the pH and
temperature of the water bodies. Out of these two
chemical forms, ammonia can readily pass through the
biomembranes of fish and is, therefore, potentially toxic
to fish. It has been found that acidity in the fish tissue
and high temperature of surrounding water promotes
the transport of ammonia from outside water to fish
tissue interior. Hence, ammonia transport in the tissue
is pH and temperature dependent. If acid-base balance is
altered at water and tissue interface, additional molecular
ammonia will be attracted on the side that is towards the
low pH waterﬁ. Furthermore, low oxygen concentration
in water also facilitates ammonia toxicity. Ammonia
poisoning is found to cause toxic necrosis of the gills.
It greatly affects brain; hence, an ammonia poisoned
fish shows nervous symptoms indicated by restlessness,
rapid movements, loss of balance, leaping out of water,
increased rate of respiration as reported in carps and
cyprinids. It is followed by spasmodic opening of the
mouth and gill opercula. Apparent recovery phase is
reported thereafter, as indicated by normal swimming.
But soon after apparent recovery, the body surface
turns pale and the fish die. Post death signs of ammonia
poisoned fish include color change, increased production
of mucus over the skin, visceral dysgenesis, hemorrhage
of pectoral fin gills and ocular cavity. Fish epithelium
showed more water permeability under conditions of
ammonia poisoning. It is evidenced from increase in
the urine output. Disturbances in water balance may
induce oedema. Acute toxicity tests yield LC, values for
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ammonia that vary from species to species. A study report
submitted by centre for aquatic ecology, Illinois Natural
History Survey indicated the species specific effects of
cold temperature (3-5°C) on ammonia toxicity. The study
was conducted on three fish species and highlighted the
fact that sensitivity of fish fauna towards ammonia is

diﬁerentﬁ.

2.3 Nitrite Toxicity in Relation to Water

Temperature to Fish Fauna

Nitrogen fertilizers and sewage effluents are the main
sources of nitrite pollutant in the water bodies. It is
produced as an intermediate during the oxidation of
ammonia to nitrates. Since they are quite unstable, hence,
foundinlower concentrationinsurface watersﬂ. Itstoxicity
to fish varies considerably and determined by a number
of physiochemical factors prevailing in the aquatic media
like pH, temperature, ion and oxygen concentration along
with duration of exposure, fish species, fish size, age and
individual fish susceptibility. Nitrite poisoning produces
haematological effects besides acting as a disrupter of
multiple physiological functions including ion regulatory,
respiratory, cardiovascular, endocrine and excretory
processes. It resulted into oxidation of haemoglobin to
methaemoglobin, which is indicated by browning of blood
and gills. This affects oxygen transport. Nitrite poisoning
proved lethal when the amount of methaemoglobin in
the blood exceeds 50%. Before death, fish become torpid,
lose their orientation and fail to give response to stimuli.
Lethality can be reversed if the affected fish is transferred
to the nitrite free water due to reductase enzyme activity
which can convert methaemoglobin back to haemoglobin
within 24-48 hours. Nitrite act as competitor for chloride
when its concentration increases in the fresh water bodies
and actively taken up across the gills in turn of chlorideﬁ.
Since increase in temperature influences tissue oxygen
demand, it could also be expected to affect nitrite toxicity.
No significant relationship can be drawn between nitrite
toxicity and temperature over a relatively small range of
temperature (22-30°C) P}, A double fold increase in
the methaemoglobin concentration has been reported in
channel catfish kept at 30°C in the presence of 0.91 mg/l
nitrite-N over a period 24 hours in comparison to fish
held at 10°C.Recovery to background haemoglobin level
has been observed when fish is transferred to nitrite free
water even at the 30°C temperature. Nitrite poisoning
gets reduced under the conditions of high oxygen
concentrations and low water temperature.
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2.4 Chlorine Toxicity Relations with

Temperature

Industrial effluents discharged into water bodies act as
sources of chlorine contamination. In addition to this,
Chlorine containing salts are also used as disinfectants
in fish culture bodies especially for the fish stock affected
from gill disease. Concentration factor for chlorine in
this regard is of vital concern as excess of chlorine is
deleterious to fish fauna. Chlorine toxicity is directly
influenced by the water temperature. Temperature
effects on chlorine toxicity has been evaluated on carp
and results clearly revealed that if water temperature
ranges 3-7°C containing chlorine concentration of 3.5
mg per litre, it proved sub lethal to carp and an increase
of temperature upto 15-20°C proved lethal to the carp
at same concentration of chlorine. Furthermore, it
also depends upon the time period for which the fish
is exposed to the chlorinated water. Chronic exposure
may prove lethal even at low concentrations of chlorine.
Chlorine poisoning may show localized or systemic effects
in fish fauna. Localized effects involve skin and gills of the
fish and resulted in pale color of skin, hypersecretion of
mucus, congestion of gills followed by haemorrhage of
gill. The systemic effects are executed through brain tissue
deterioration that causes restlessness, unilateral leaping
movements, sustained contractions of the muscles and
spasmodic contractions of the mouth, fins and tail. The
sudden involuntary muscular contractions of the mouth
region hinder respiration by producing suffocation and
ultimately death in ﬁshﬁ.

2.5 Cyanides Toxicity Relations with

Temperature
Cyanide is added to aquatic ecosystems due to discharge
of effluents mainly from metal plating industrial plants. It
is found in both free and combined states in water in the
form of cyanide ion and hydrogen cyanide respectively. It
also occurs in the form of co-ordination complexes with
iron, cobalt, nickel and other metals. It is found to be more
toxic in the ionic state. Cyanides are extremely toxic and
lethal to the fish species even at the low concentrations
of 0.03 to 0.5 mg per litre. Its toxicity is dependent upon
water quality parameters like pH, water temperature and
oxygen concentration of the water. An increase in water
temperature and a decrease in its pH or concentration
of dissolved oxygen increase the chances of cyanide
toxicity. An increase in water temperature causes rapid
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dissociation of cyanide compounds and hence, increases
the incidence of its toxicity to aquatic ecosystems. Cyanide
is recognized as a potent respiratory enzyme inhibitor
and hence executes its toxicity by inhibition of respiratory
enzyme specifically cytochrome oxidases. Due to its
inhibition of this key respiratory enzyme, the transfer
of oxygen from the blood to the tissues stops, thereby,
reducing tissue respiration and results in tissue asphyxia.
Cyanide poisoned fish may show morphologically visible
symptoms like change of color of the gills to cherry red
color and physiological effects like nervous breakdown
and loss of equilibrium. Cyanide toxicity may get reversed
in the early stages of its toxicity, if the fish are shifted to
clean and cyanide free water.

3. Effect of Temperature on
Heavy Metal Toxicity

The presence of hazardous heavy metals in aquatic
ecosystems is an important ecological problem. A
few of them are biologically useful in their minimum
concentrations metals like Zn, Cu, Co, Mn, Fe and Ni,
however, their higher dose may show toxic effects and
lethality. While others, such as Pb, Hg, Cu, Cd and As
are recognized as potentially harmful heavy metals®
in this review, copper and iron toxicity with respect to
temperature fluctuations is briefly discussed.

3.1 Copper Toxicity Relations with

Temperature
Copper toxicity in water bodies depends largely on the
physio-chemical properties of the water as well as fish
species under exposureﬁ. It is found both in free ionic
State and in the form of soluble as well as insoluble
copper salts in water bodies. Its toxicity effects include
labored breathing, leaping movements out of water, over
secretion of mucilage on the body surface especially on
the respiratory surfaces of gills. A study was conducted
to evaluate the copper toxicity effects on juvenile stages
of the Neotropical freshwater fish prochilodus scorfa at
two different temperatures with low and high pH. In the
first stage of the experiment, acclimatization of Fry and
fingerling stages of fish was done at 20°C and 30°C and
in the second stage of the experiment, they were exposed
to copper in water with pH 4.5 and 8.0 respectively. The
96 h-LC, were determined at each temperature and pH.
The results of the study indicated that when the pH value
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of the water varies between 4.5 and 8.0, the 96 h—LC50
for copper was significantly dissimilar, but no difference
was reported in these values when pH kept constant
at different temperatures. The physiological changes
reported in this case include changes in blood parameters
due to disturbances in the ion regulatory mechanisms
and hence, respiratory trouble that imply an increase in
energy consumption to restore homeostasisﬁ. Copper
toxicity has been evaluated not only in fish but also in
the related ecological fauna. The erratic heart rate was
interpreted as a response to enhanced copper toxicity at
higher temperature (25°C) in case of common shore crab
Carcinus maena’.

3.2 Iron Toxicity Relations with Temperature
Iron occurs in both ionic and combined states in surface
waters. In combined state, iron occurs in Fe*? state in
the form of soluble compounds or Fe** states in the
form of insoluble compounds. The percentage of these
two forms of iron in the water bodies is dependent
upon the physiochemical characteristics of water like
oxygen concentration, pH and temperature’. High
water temperature decreases the solubility of gases like
oxygen as per Henrys law. Poorly oxygenated waters
with a low pH increases the probability of adverse effects
of soluble iron compounds on fish populations. These
soluble compounds having ferrous ion may get oxidized
into insoluble ferric compounds that covers surface of
gill lamellae and inhibit respiration. Gills may show
deposition and proliferation of filamentous iron bacteria
at low temperature which oxidize iron compounds and
cause their precipitation over the gill surface. It reduces
the respiratory surface area of the gills, damages the
respiratory epithelium and results in suffocation. Eggs
and juvenile stages of fish may get affected in a similar
way due to precipitation of ferric compounds over their
which then die due to a lack of oxygen.

4. Conclusion

The present review may sensitize the ecologists about
the toxicity impacts of contaminants which are greatly
affected by climate change and may adversely affects
biology of fish fauna. The principle outcome of this study
is that it is necessary to consider the effects of temperature
when assessing the toxic effects of organic and inorganic
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contaminants on the survival of aquatic fauna. High and
low temperature that is lethal to individual organism of a
species also determines the biogeography and abundance
of its populations. The study of interaction mechanisms
of aquatic toxicants with environmental factors and
their management in aquatic ecosystems, hence, is the
need of hour otherwise; they can lead to loss of aquatic
biodiversity and can disturb ecological balance. This
will also essentially helpful in understanding of basic
mechanisms that allow the aquatic fauna to survive in the
contaminated waters.
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