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ABSTRACT

The experiment was conducted in glass aquaria to determine the growth potentials of 240-day three
fish species viz., Catla catla, Labeo rohita and Cirrhina mrigala under chronic exposures (1/3 of
LCso) of Al, As, Ba, Cr and their mixture (Al + As + Ba + Cr) for 90 days. The growth parameters
viz. increase in wet weights, fork and total lengths, feed intake, feed conversion efficiency and
condition factor of fish were correlated with physico-chemical parameters viz. total ammonia,
dissolved oxygen, carbon dioxide, electrical conductivity, sodium, potassium, calcium and
magnesium of the test media (water) of different treatments. The ammonia contents of the test media
(water), used for growth trials with three fish species, escalated due to aluminum and arsenic toxicity
while it remained lowest in the control media. Dissolved oxygen contents of the control media were
significantly higher than all other treatments. However, dissolved oxygen contents of water
decreased significantly due to arsenic treatment to the fish predicting variable changes in the
metabolic rates of fish exposed to either individual metals or metal mixture from that of control.
During growth trials, the increase in dissolved oxygen contents of the media used for Labeo rohita
under chromium stress is indicative of decrease in oxygen consumption by the fish due to onset of
acute hypoxia. The average sodium contents of the test media increased significantly due to
exposure of Labeo rohita to metal mixture. Physico-chemical variables like pH, sodium, calcium and
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dissolved organic matter are known to cause metallic toxicity.

INTRODUCTION

Fish is an important source of quality protein and

contributes significantly towards global aquaculture
production (Naz et al., 2012). Fish meat is amongst
preferred food items for humans because it is highly
nutritive, palatable with high protein innards, low
saturated fats and rich in omega-3 fatty acids. Fish is a
very good bio-indicator of ecological toxicity and often
used to assess quality of water bodies (Dautremepuits et
al., 2004; Vutukuru et al., 2005).

Main cities, tanneries and industries are usually
located near water passages and their ultimately gain
entry into the rivers or seas. The discharges especially
from paints, mining, electroplating, dye and battery
making industries contain heavy metals that deteriorate
water quality at massive scales (Azmat et al., 2012).
Similarly, pesticide also enter into the aquatic ecosystems
(Mahboob et al., 2014), altering the physico-chemical
properties of water bodies which may cause toxicity to
fish (Shoaib et al., 2013). These elements are posing
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threat to the survival of the fish because these heavy
metals can persist in living bodies for a longer period of
time and have high potential for bioaccumulation and
biomagnification in the food chain (Ozparlak et al.,
2012). In addition these elements escalate animal’s
sensitivity towards changes in temperature, dissolved
oxygen contents and vice-versa (Gundogdu, 2008).

Fish is an integral part of human food in many parts
of the world and has been used as an experimental animal
to understand chronic effects of sub-lethal toxicity of
several metals. The studies on metallic toxicity make
possible to assess the sub-lethal (1/3 LCsg) effects on
behavior, physiology, biology and growth of numerous
animals, to predict possible toxic effects and their
consequences on adaptive abilities of these organisms
(Pane et al., 2004).

Aguatic toxicity is essential for the evaluation of
environmentally hazardous pollutants (Ambreen and
Javed, 2015). Aluminum (Al) is found in the form of
silicates and oxides on Earth (Scancar et al., 2004). The
solubility of aluminum increased linearly with the
decrease in water pH causing. Inorganic aluminum is
considered to be most harmful to numerous fish species
(Camargo et al., 2009). Arsenic is a metalloid element
and is abundantly found in the aquatic bodies (Reimer et
al., 2002). The geogenic and anthropogenic processes
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Table I.- Treatments/sub-lethal concentrations (1/3 LCsp) of various metals and their mixture.
Fish species Treatments/Sub-lethal concentrations (1/3 LCso)
Aluminum Arsenic Barium Chromium Mixture Control
(mgL™) (mgL™) (mgL™) (mgL™) (mgL™) (mgL™)
Catla catla 37.96 3.1 51.30 33.86 12.48 0.00
Labeo rohita 46.86 3.76 49.16 48.32 14.39 0.00
Cirrhina mrigala 49.71 3.21 50.23 40.00 14.37 0.00

Growth parameters of the fish in all the aquaria viz., increase/decrease in average wet weights, fork.

increase the availability of arsenic to aquatic organisms,
including fish (Hopkins et al., 1999). In natural waters,
barium is mostly found along with sulphur, oxygen and
carbon. Barium compounds are used to prepare paints,
rubber, ceramics and glass. However, these barium
compounds have the ability to dissolve in aquatic
medium that is why they become part of lakes, rivers,
soils and food at little quantities. Chromium is found
commonly in micro molar concentrations in the aquatic
bodies (Zhang et al., 1994). However, chromium is
considered the most harmful chemical to the aquatic
animals, especially the fish (Al-Akel and Shamsi, 1996).

Increased concentrations of heavy metals in to the
water bodies have serious consequences on aquatic biota
and in order to conserve the native fauna it is essential to
check their tolerance limits against metallic ion toxicity.
Indian major carps i.e., Catla catla, Labeo rohita and
Cirrhina mrigala are the preferred edible fish species
which are present in natural freshwater bodies of the
country. The present study was planned to study the
growth performance of major carps under chronic sub-
lethal exposure of metals viz. aluminum, arsenic, barium,
chromium and their mixture.

MATERIALS AND METHODS

Present study on growth performance of Indian
major carps under chronic sub-lethal exposure of selected
heavy metals was conducted in glass aquaria (each
having dimensions 3ft x 2ft x 2ft length x width x depth).
Fish species Catla catla, Labeo rohita and Cirrhina
mrigala (240-day old) were used as experiment animals
and their growth potential was assessed under chronic
exposures (1/3 of LCsp) of aluminum (Al), arsenic (As),
barium (Ba), chromium (Cr) and their mixture (Al + As +
Ba + Cr) for 12 weeks. The control (un-stress) fish were
grown in metal free water. The trials of each fish species
were accomplished with three replications each.

The fingerlings of all the three fish species were
placed in cemented tanks (each having dimensions 12ft x
2.5ft x 3ft length x width x depth) for a period of two
weeks for acclimation. After acclimation period, ten

fish/species with almost similar weight and size were
selected and placed in separate aquaria containing 50 liter
tap water and were fed to satiation twice daily at 9:00
a.m. and 05:00 p.m. The feed had following ingredients:
Fish meal, 39.01%; Corn gluten (30 % CP), 40.54%;
Cotton seed meal, 01.72%; Rice polish, 07.17%; Wheat
flour, 05.00%; Oil (sun flower), 03.56%; Vitamin and
Mineral Mixture, 03.00%; Digestible protein was 34 %
and digestible Energy = 3.00 Kcalg™. Major profile (%)
was Lysine, 2.0153; Methionine, 0.8522; Ca*™*, 2.3740;
PO4, 1.0890; and Na*, 0.4444

Each fish species in treatment aquaria was exposed
to wvarious levels of sub-lethal (1/3 of LCsp)
concentrations of metals (Table 1) determined by Azmat
(2011) for a period of 12 weeks. The experiment was
conducted under controlled laboratory conditions using
static water assay with continuous supply of air. Water
temperature (30°C), pH (7.50) and total hardness (300
mgL1) were kept constant.

Growth parameters of the fish in all the aquaria viz.
increase/decrease in average wet weights, fork and total
lengths, condition factor, feed intake and feed conversion
efficiency of three fish species were examined on weekly
basis throughout the experimental period. The physico-
chemical parameters viz. temperature, pH, total hardness,
total ammonia, dissolved oxygen, carbon dioxide,
electrical conductivity, sodium, potassium, calcium and
magnesium of the water media used for 90-day growth
trials with each species of fish under sub-lethal exposure
of aluminum, arsenic, barium, chromium, metal mixture
and control were monitored on daily basis and their
weekly means were taken.

The exposure media were repetitively replenished
and exchanged partly to sustain the above mentioned sub-
lethal concentrations in the test media for all the three
fish species for 12 weeks. Metal concentrations of the test
media were measured using Perkin Elmer (AAnalyst 400)
Atomic Absorption Spectrophotometer.

Statistical analyses of data
The obtained data was subjected to statistical
software SPSS!! and Analysis of Variance (ANOVA)
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was applied to explain the impacts of physico-chemical
parameters of water on the growth performance of three
experimental fish species (Steel et al., 1996).

RESULTS

Table Il shows effect of water quality parameters
such as ammonia, dissolved oxygen, CO,, electrical
conductivity, Na, K, Ca and Mg on fish growth in
medium containing heavy metals such as Al, As, Ba, Cr,
and metal mixtures.

Aluminum

During present study, total ammonia contents of the
test media showed positive correlation with dissolved
oxygen, potassium, increase in fish weight and fork
length, and feed conversion efficiency of fish while
correlation coefficient between total ammonia and
electrical conductivity appeared negative but statistically
significant. Dissolved oxygen had negatively significant
correlations with calcium and feed intake while it was
positively significant with magnesium, increase in fish
fork length, feed conversion efficiency and condition
factor of fish. Carbon dioxide of the test media increased
concomitantly with an increase in calcium concentration
while it had inversely significant correlations with
magnesium, metallic ion concentration and condition
factor of fish. Electrical conductivity of water had
negative relationship with potassium while that with
metallic ion toxicity remained positive but highly
significant. Sodium was negatively but significantly
correlated with potassium while its correlation coefficient
with the extent of metallic toxicity remained positively
significant. Potassium of the test media declined
significantly with an increase in metallic ions while it
showed positively significant correlations with increase
in fish weight, fork length and feed conversion efficiency
of fish. Calcium exhibited negative but significant
correlations with magnesium and metallic ions of the test
media while its relationships were significantly direct
with feed intake and condition factor of fish. Magnesium
contents increased significantly with concomitant
increase in metallic ion concentrations of the test media
and condition factor of fish while its correlation with feed
intake was significantly inverse. Increase in fish weight
was significantly and positively correlated with its fork
and total length increments, and feed conversion
efficiency of fish. Under the influence of aluminum sub-
lethal chronic stress, the feed intake by the fish was
negatively but significant correlated with feed conversion
efficiency and condition factor of fish (Table I11).

Arsenic

During 90-day growth trials, arsenic exposure to the
fish caused significantly positive relationships of total
ammonia with potassium, fish weight, fork and total
length increments, and feed conversion efficiency of fish
while it was negative but significant with carbon dioxide.
Dissolved oxygen contents of the test media decreased
significantly with an increase in the concentration of
exposed metal to the fish while dissolved oxygen
exhibited significantly positive impact on fish weight
increments and feed intakes. Carbon dioxide contents of
the media had positively significant impacts on electrical
conductivity and condition factor of fish while carbon
dioxide showed inversely significant relationships with
an increase in potassium contents, fish weight, fork and
total length increments and feed conversion efficiency of
fish. Sodium contents of water showed positively direct
relationship with magnesium only. Potassium caused
significantly positive impacts on the increase in fish
weight, fork and total lengths, and feed conversion
efficiency of fish while correlation coefficient between
potassium and condition factor of fish remained
negatively significant. The correlation coefficient
between calcium and magnesium was positively
significant. Under sub-lethal arsenic toxicity, an increase
in fish weight showed positive correlation with feed
conversion efficiency while the same remained
negatively significant with condition factor of fish. The
condition factor of fish had negative but highly
significant correlations with total ammonia, potassium,
increase in fork and total lengths and feed conversion
efficiency of fish while it was positive with carbon
dioxide and electrical conductivity. An increase in arsenic
concentration in water caused significant decrease in
dissolved oxygen, electrical conductivity and feed intake
by the fish (Table V).

Barium

The sub-lethal concentrations of barium caused
significantly positive impacts on dissolved oxygen, fish
weight, fork length and total length escalations while it
remained inversely significant with carbon dioxide. Both
feed conversion efficiency and condition factor of fish
decreased while feed intake had positively significant
correlation with the total ammonia concentrations of the
test media. Dissolved oxygen had negative but significant
correlation with carbon dioxide while it was positively
significant with fish weight, fork and total length
increments, and feed intake. The relationship of carbon
dioxide with fish growth parameters viz. increase in
weight, fork and total lengths, and feed intake remained
negative but statistically highly significant. Feed intake
caused significant escalations in weight, fork and total
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Table I1.- Water quality parameters of the test media during 90-day growth trials.

Media used for

Metals/Treatments

fish Aluminium Arsenic Barium Chromium Metal mixture Control
Total ammonia (mgL™)
Catla catla 2.73+0.01 a 2.40+0.02de  2.37+0.02e 2.52+0.02 ¢ 2.60+0.04 b 1.35+0.02 f
Labeo rohita 2.16+£0.01d 2.44+0.02b  2.40+0.01 bc 2.38+0.02 ¢ 2.55+0.01 a 1.37+0.02 e
Cirrhina mrigala 2.5240.01 a 2.5240.01a 2.53+0.02a 2.4240.03 b 2.00+0.13 ¢ 1.57+0.02d
Overall Means 2.47+0.29 a 2.45+0.06 ab  2.43+0.08 b 2.44+0.07 b 2.38+0.33 ¢ 1.43+0.12d
Dissolved oxygen (mgL™?)
Catla catla 5.08+0.01 cd 5.03+0.02d  5.09+0.01c 5.03+0.02 d 5.15+5.15 b 5.75+0.04 a
Labeo rohita 4.97+0.01 ¢ 4.87+4.87d 4.98+0.03 ¢ 5.10+0.01 b 4.95+4.95 ¢ 5.67+0.07 a
Cirrhina mrigala 5.17+0.01 b 5.0845.08 ¢  5.13+0.01bc  4.97+0.07d 5.09+0.03 ¢ 5.64+0.03 a
Overall Means 5.07+0.10 b 4.99+0.11d  5.07+0.08 b 5.03+0.06 ¢ 5.06+0.10 bc 5.69+0.06 a
Carbondioxide (mgL™?)
Catla catla 1.84+0.02 a 1.84+0.02a 1.76+0.02 cd 1.72+0.02 d 1.78+0.02 bc 1.17+0.02 e
Labeo rohita 1.71+0.02 ¢ 1.77+0.01 b 1.84+0.02 a 1.63+0.02 d 1.82+0.01 ab 1.22+0.01 e
Cirrhina mrigala 1.64+0.02 e 1.73+0.02c 1.76+0.03bc  1.68+0.03d 1.78+0.03 ab 1.23+0.01 f
Overall Means 1.73+0.10 b 1.78+0.06 a 1.79+0.05 a 1.68+0.04 ¢ 1.79+0.02 a 1.21+0.03 d
Electrical conductivity (mScm™?)
Catla catla 3.33+0.01 b 3.38+0.01 ab 3.40+0.03ab  3.14+0.03c 3.40+0.02 ab 3.46+0.04 a
Labeo rohita 3.38+0.03 a 3.2620.01b  3.42+0.02 a 3.43+0.05 a 3.43+0.04 a 3.44+0.04 a
Cirrhina mrigala 3.3740.02ab  3.29+0.01b  3.36+0.28ab  3.40+0.03 ab 3.42+0.03 a 3.45+0.02 a
Overall Means 3.36£0.03bc  3.31+0.06c  3.39+0.03ab  3.32+0.16 ¢ 3.42+0.01 ab 3.45+0.01 a
Sodium (mgLY)
Catla catla 310.1945.54a 319.83%#6.39 a 319.35+7.03a 319.31+5.19a 308.09+4.95 a 319.9945.51a
Labeo rohita 319.90+3.84 b  308.38+3.93 b 319.70+5.53 b 320.02+5.34 b  354.42+4.55 a 308.47+5.98b
Cirrhina mrigala 317.76+5.02a  315.85+11.01 a 320.26+5.04 a 319.05+3.10a 314.09+6.01 a 319.52+6.82a
Overall Means 315.95#5.10a  314.694#5.81a 319.77+0.46a 319.46+0.50a 325.54+7.53 a 313.96%6.52a
Potassium (mgL™?)
Catla catla 10.55+0.01 abc  9.92+0.02 cd 10.35+0.02 abcd 10.33+£1.75 abcd 9.81+0.02 d 10.07+0.03

bed

Labeo rohita 9.80+0.02 ¢ 10.21+0.02 abc 10.39+0.02 abc  10.33+0.04 abc 10.39+0.02 abc 9.90+£0.02 bc
Cirrhina mrigala 10.20+£0.03 b 10.75+0.04 ab 10.39+0.02ab  10.45+0.02ab  10.86+0.03 ab 10.89+0.01 a
Overall Means 10.18+0.37 a 10.29+0.42a 10.38+0.02 a 10.37+£0.07 a 10.35+0.52 a 10.29+0.53 a
Calcium (mgL?)
Catla catla 26.05+0.02a  24.28+0.04ab 23.71+1.90 b 24.07+3.50 ab  24.33%1.02 ab 24.19+1.44 ab
Labeo rohita 25.57+0.06 a  25.58+0.05a 24.12+1.90a 24.10+0.43 a 23.87+0.05 a 24.34+0.56 a
Cirrhina mrigala 23.60+0.03b  24.38+2.75ab 24.06+0.03ab  23.96+0.06 ab  25.65+0.06 ab 24.92+1.43 ab
Overall Means 25.07+#1.30a 24.75+0.72a 23.96%0.22 a 24.04+0.07 a 24.62+0.92 a 24.48+0.38 a
Magnesium (mgL?)
Catla catla 58.83+0.02a 59.84+3.39a 60.60+3.52 a 59.98+4.47 a 59.79+3.20 a 59.88+0.30 a
Labeo rohita 59.52+0.04a  59.15+0.01a 59.94+4.10 a 59.97+5.29 a 60.14+1.61 a 59.84+4.43 a
Cirrhina mrigala 59.91+0.02a 59.79+7.07a 60.06+2.02 a 60.1445.47a  59.00t1.31a 59.47+4.64 a
Overall Means 59.42+0.79a  59.60+0.38a 60.20+0.35a 60.03+0.09 a 59.64+0.58 a 59.73+0.23 a

Means with same letters in a single row are statistically similar at p< 0.05.
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Table III.

Correlation coefficients between fish growth and physico-chemical parameters of the water media during growth trials with three fish species under
sub-lethal concentration of aluminum.

Sub-lethal Total Dissolved Carbon Electrical s u . y Increase ~.=Q.9.mm ~.= Crease  peed Hmo@.
i . A .. Sodium Potassium Calcium Magnesium . ! infork intotal . conversion
concentration ammonia oxygen dioxide  conductivity in weight intake :
length  length ratio
(mgL™) (mgL")  (mgL")  (mgL") (mSem™)  (mgL") (mgL") (mgL') (mgL") (mg) (mm)  (mm) (mg) (%)
Total ammonia -0.61418
Dissolved 0.17499 0.66641
oxygen
Carbon dioxide -0.98191 0.53515  -0.26181
Electrical 0.68895 -0.68891  -0.19604 -0.59662
conductivity
Sodium 0.65271 -0.63443  -0.15086 -0.64598  0.55217
Potassium -0.69797 0.99238  0.57964  0.62359 -0.72493 -0.68197
Calcium -0.80892 0.03411 -0.71590 0.84736 -0.35530 -0.3551  0.14578
Magnesium 0.80570 -0.02801  0.72180 -0.84052  0.34971 0.33909 -0.13898  -0.99880
Increase in -0.62330 0.82282  0.43570 0.56241 -0.65943 -0.64781 0.82026 0.18157 -0.17081
weight
Increase in fork -0.34773 0.87927  0.74533  0.29205 -0.55564 0.57592 0.84103 -0.20389 0.21638 0.79969
length
Increase in total  0.56036 -0.60722  -0.24284 -0.49189  0.28327 0.37688 -0.60492  -0.24365 0.26337 0.67798 -0.37191
length
Feed intake -0.32454 -0.54640  -0.98320 0.40031 0.08550 0.08154 -0.44840 0.81808 -0.82058 -0.32420 -0.67727 0.15325
Feed conversion -0.09496 0.80463  0.90900 0.01182 -0.39472 -0.39538 0.73399 -0.47647 0.48370 0.75554 0.88935 -0.46990 -0.86417
Ratio
Condition factor 0.67572 0.08980  0.73311 -0.73121 0.25663 0.33890 -0.02644  0.93031 0.91615 -0.11687 0.26576 0.02295 -0.82940 0.51827
of fish

Critical Value (2 tail) = +/- 0.66422
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lengths of fish. Increase in fish total length showed
positively direct relationship with feed intake also. Feed
conversion efficiency of fish had positively significant
relationship with condition factor of fish (Table V).

Chromium

Chromium toxicity of the test media showed
negatively significant relationships with total ammonia
and carbon dioxide while these were positive and highly
significant with electrical conductivity, fish weight, fork
and total lengths and feed intake by the fish. Total
ammonia of the test media had positively significant
correlation with carbon dioxide and condition factor of
fish while that with electrical conductivity, fish weight,
fork and total lengths and feed intake remained inversely
significant. Dissolved oxygen contents of the media
showed positively significant correlation with fish fork
length increments only. Carbon dioxide had negative but
significant correlations with electrical conductivity, fish
weight, fork and total lengths and feed intake while it
remained significantly direct with condition factor of fish.
Increase in fish weight had positively significant
relationships with the increase in fish fork and total
lengths, and feed intake while it was negative but
significant with condition factor of fish. Feed intake by
the fish, under sub-lethal stress of chromium, caused
significantly inverse relationship with fish weight
escalations (Table VI).

Metal mixture

The metal mixture toxicity of the test media, used
for three fish species, showed positively significant
correlations with potassium, increase in weight and feed
intakes by the fish. Total ammonia caused negatively
significant correlations with potassium, calcium and feed
intake while it remained positive and highly significant
with fish total length, feed conversion efficiency and
condition factor. Dissolved oxygen contents of the test
media did not show any significant relationships with
either physico-chemical parameters or growth variables
studied during these experiments. Carbon dioxide had
significantly  direct relationship ~ with  electrical
conductivity. Potassium exhibited significantly positive
relationships with increase in fish weight and feed intake
while it was negative but highly significant with increase
in fish fork and total lengths, and condition factor of fish.
Calcium showed significantly positive relationship with
feed intake while the same with increase in total lengths
and condition factor of fish exhibited negative but highly
significant correlation. Increase in fish weight correlated
negatively with the increase in fish fork and total lengths
while the correlation coefficient between increase in fish
weight and feed intake was positively significant.

Increase in fish fork length had significantly direct
relationship with an increase in total length while it
remained negative but highly significant with feed intake
by the fish. Increase in total length caused positive
correlation with both feed conversion efficiency and
condition factor of fish while it remained negative but
significant with feed intake. Feed intake by the fish was
correlated negatively with feed conversion efficiency and
condition factor of fish with statistically significant
correlation coefficients. Feed conversion efficiency
showed positive correlation with condition factor of fish
also (Table VII).

Control fish

In control test media, total ammonia contents
showed positively significant relationships with carbon
dioxide, potassium, increase in fish weight and feed
intake while it remained negatively significant with
condition factor of fish. Dissolved oxygen contents of the
media had negatively significant correlation with carbon
dioxide while its correlation coefficient with fish
condition factor was positively significant. Carbon
dioxide had negative but significant correlation with feed
conversion efficiency and condition factor of fish.
Electrical conductivity of water exhibited positively
significant correlation with calcium only. Sodium caused
significantly positive relationships with fork and total
length increments of fish. Potassium contents of the
media had positively significant correlation with increase
in fish weight, fork length and feed intake while it
remained negative but highly significant with condition
factor of fish. Increase in fish weight showed
significantly direct relationships with the increase in fish
fork and total lengths and feed intake by the fish. The
correlation coefficient between fish weight increment and
condition factor remained negatively significant. Total
length increments of fish showed significantly direct
relationship with feed conversion efficiency of fish while
correlation coefficient between feed intake and condition
factor of fish was negative but significant (Table VIII).

DISCUSSION

Aguatic pollution can be checked by assessing the
accumulation of heavy metals in fish and its environment
(Jabeen and Javed, 2011). The fish are closely linked
with water and constitute a significant food item in diet
of humans (Naz et al., 2012). Growth is a straight
forward manifestation of metal’s effect on the fish
because it integrates all the impacts within the body
(Azmat, 2011). Metals mixture in their mode of action
may be additive, antagonistic or synergistic in fish body
(Javed and Yaqub, 2010). The ammonia contents of the
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test media (water), used for growth trials with three fish
species, escalated due to aluminum and arsenic toxicity
while it remained lowest in the control media. Dissolved
oxygen contents of the control media were significantly
higher than all other treatments. However, dissolved
oxygen contents of water decreased significantly due to
arsenic treatment to the fish predicting variable changes
in the metabolic rates of fish exposed to either individual
metals or metal mixture from that of control. Hayat
(2009) during his studies on metals’ chronic toxicity
reported reduction in dissolved oxygen contents while
increase in ammonia excretion by fish. This shows
significant effects of heavy metals toxicity on fish
respiration (James et al., 2009). These respiratory
enzymes are also inhibited in the fish when exposed to
heavy metals (Balavenkatasubbiah et al., 1984). The
increase in dissolved oxygen contents of the media used
for Labeo rohita under chromium stress is indicative of
decrease in oxygen consumption by the fish due to onset
of acute hypoxia. McGeer et al. (2000) reported
significant effect of copper exposure on the daily feed
consumption and appetite in Oncorhynchus mykiss. The
inhibitory effect of metals on the growth of fish has also
been reported due to their ability to take food under
variable chronic stress of metals (Puvaneswari and
Karuppasamy, 2007). Furthermore, the drop in fish
metabolism as a protective adaptation to pledge low
intake of metal, during chronic exposure, cannot be ruled
out. Fish can reduce oxygen consumption during chronic
exposures due to the factors that could inhibit respiration.
In fish, gills are the important osmoregulatory and
respiratory organs and cellular damage provoked by
various metals may damage the respiratory surface area.
Therefore, alteration in respiratory activity has been
employed as an indicator of stress in organisms living in
polluted waters (Dharmalata and Joshi, 2002). Heavy
metals like nickel, cadmium, chromium and lead can
decrease the affinity of hemoglobin for oxygen binding
ability also. Therefore, fish erythrocytes would become
more permeable to metals and became fragile (Witeska
and Kosciuk, 2003) causing significant decrease in
oxygen consumption by the fish (Sarkar, 1999).
Sherwood et al. (2000) reported adverse effects of zinc,
cadmium and copper on the growth rate, feed
consumption and feed conversion efficiency of yellow
perch (Perca flavescens). Higher concentrations of either
individual metals or metal mixture caused increase in
carbondioxide contents of the test media significantly
showing concentration and metal species specific stress
induced in three fish species to liberate significantly more
carbon dioxide in water through respiration and thus,
increasing the carbon dioxide concentrations of the test

media (Abdullah, 2007). The average sodium contents of
the test media increased significantly due to exposure of
Labeo rohita to metal mixture. Physico-chemical
variables like pH, sodium, calcium and dissolved organic
matter are known to cause metallic toxicity to the aquatic
organisms, including fish (Niyogi and Wood, 2004). The
observed uptake of metals by the fish during sub-lethal
exposures engross branchial toxicity with metals that
interferes with active sodium uptake (Bury et al., 2003;
Pyle and Wood, 2008). Yaqub and Javed (2012) reported
influence of various physico-chemical parameters on
bioaccumulation of metals by fish. Therefore, exposure
of metals upset the homeostasis in fish. However, fish
physiology is adjusted to recompense the specific effects
by altering the mode of chemical reactions to re-establish
the equilibrium in fish body (Beyers et al., 1999).
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