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ABSTRACT Common carp, Cyprinus carpio; was exposed to different con-
centration of suI ph uric acid (H2SO4)' The calculated LCSII value was 2511.1/1.
The treated fish showed remarkarble behavioural changes. A marked de-
cline in haemoglobin and glycogen content was observed. The physiologi-
cal/behavioural responses of the fish were directly related to the acid con-
centrations.

Introduction

The effect of acid deposition in aquatic species has been observed. The fish species
are of prime interest due to their economic and ecological significance[I]. In many
countries, there is a decrease in the size of populations of freshwater fish associated
with increasing acidity in rivers, lakes, watersheds and reservoirs. Mining opera-
tions, especially for coal, run off from peat waters, intensive mineral fertilization of
cultivated lands, industrial waste water and acid rains are the main sources of acidifi-
cation!2-8].

The elimination of fishes from habitats polluted by acid precipitation. is usually
gradual and generally related to reproductive failure[9l or mortality of eggs and
fry[!O-ll], although occasional kills of adult fish do occur[12].

Recent researches have shown that physiological changes reflected in such
parameters as depletion of certain plasma ions[I.13-16J, reduced ionoregulatory abil-
ity[17] and anoxia!S] !ippear to be important factors contributing to the fish death in
acidified water.
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Histopathological changes in liver, epithelial lining, muscle layers and connective
tissue of the gut in carp exposed to pH 5.0-7.0 have been documented[181. In the pre-
sent study, authors have studied the behavioural and biochemical changes in the fish
exposed to different concentrations of sulphuric acid. LCso of this to carp, Cyprinus
carpio was also investigated.

Material and Methods

Specimens of carp, Cyprinus carpio (Length 14-15 cm, weight 62-68 gm), obtained
from fish farm (Dirab), were kept in aquaria of 70 gallon capacity and acclimatized to
laboratory conditions (water temperature, 22.0 :t 0.5°C, dissolved oxygen, 7.8 :t 0.4
mg/i, hardness of water as CaC03 132.0 :t 3.5 mg/i, and pH, 7.5 :t 0.4) for 15 days.
During the period of acclimation, the fishes were fed a commercial fish food to sati-
ety. As per the prevalent practice in toxicological investigation, the fishes were dep-
rived of food during the bio-essay.

Five different concentrations (15, 20, 25, 30 and 40 ~l/l with pH values 3.9,3.7,
3.5, 3.3 and 3.0, respectively) were prepared by adding required quantity of sul-
phuric acid into 30 liters of stored tap water. Ten fishes were transferred in each test
solution and exposed for 96 hours. The experiment was run in two replicates. Equal
number of fish (ten) representing control set were also released in a separate con-
tainer having the same volume of water but without sulphuric acid. Dead fishes were
removed immediately after death and their number recorded. LCso and regression

equation:
Y (Probit Kill) = a + b x (Log concentration were calculated by the method of Fin-

ney~19].
In another set of experiment, fishes were exposed to four different concentrations

(10, 15,20 and 25 ~l/l) for 48 hours. Six fishes from each solution were taken and sac-
rified. Blood samples were collected in heparinized vials by excising the caudal
peduncle to allow the blood from dorsal aorta to flow out. Same number of fishes
were also sacrificed from the control group. Haemoglobin was estimated according
to the method of Blaxhal and Daisley[2°J. Intensity of colour was read on Backman
spectrophotometer at 540 m~. Haemoglobin was quantified with the help of a calib-
ration curve prepared by using commercially available cyanmethaemoglobin.

Muscle samples were taken from the trunk region below the dorsal fin. Extraction
of glycogen from muscle, liver and kidney was done by the method of Ashman and
Seed[21] and estimated by the method of Montogomery[22]. The behavioural observa-
tions being based on direcct examination and were made at 12 hours intervals for 15
minutes. Student "t" test was employed to test the significance of the results ob-.tamed.

Results

Data related to mortality of carp exposed to sulphuric acid are represented graphi-
cally by Fig. 1 and 2. The LCso of sulphuric acid to Cyprinus carpio was found to be 25
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ILI/I and this corresponds to pH 3.5. The regression equation describing the dosage-
mortality relationship was:
Y (Probit Kill) = 4.513 + 6.78 x (Log concentration).

Some of the behavioural changes exhibited by acid exposed fish include: faster rate
of opercular beats, coughing and yawning, jerky movement with occasional convul-
sion and profuse secretion of mucus. Loss of equilibrium was also noted.

l00r
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FIG. 2. Relationship between Probit Kill (y) and log conc~ntration (x).
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Data pertaining to the changes in the concentration of haemoglobin and glycogen
in acid exposed fish are given in Table 1. The data reveal a significant (P < 0.001) de-
cline in haemoglobin concentration of the acid exposed fish. A significant (P <
0.001) fall in the glycogen level of muscle, kidney and liver of acid treated fish was re-
gistered. The magnitude of depletion was directly related to the acid concentration.

TABLE 1. Haemoglobin and tissue glycogen contents of Cyprinus carpio exposed to sulphuric acid. Val-
ues are mean :t standard deviation. Values given in parentheses indicate the percentage
changes from the respective control.

Glycogen
(ILmg/gm)Haemoglobin

(gm/l00ml)

Concentrations
(",Ill)

Live! Muscle Kidnet

7.4815
+0.279
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Discussion

Exposure of Cyprinus carpio to different concentrations of sulphuric acid brought
about a general hyperexcitability. It is clear from the behavioural pattern that acid
causes severe irritation and fish struggled in an attempt to get relieved from stressful
environment. The fish exposed to low pH value secreted mucus profusely to protect
the gills and body from the irritating effect of toxicant. The deposition of mucus on
the gill filaments may reduce the interfilamentous space, thus probably' causes
obstructions in the passage of water. The mucus deposition may also reduce diffusion
of gases causing reduced supply of oxygenl23.24]. Elevated muscular activity of acid
treated fish reported above also demands more supply of oxygen. The increased de-
mand for oxygen and reduced diffusion due to mucus deposition on gill filaments
may be compensated by increasing the frequency of yawning, coughing and opercu-
lar beats. The former two are associated with the clearing of gill surfaces from
mucusI25,26], while the opercular beats are mainly related to increase the passage of
water ti)rough gills. Thus, all the above measures enable the acid exposed fish to get
more oxygen. The foresaid hypothesis has also been supportedI27].

Data pertaining to haemoglobin and glycogen embodied in Table 1 reveal a sharp
decline in the level of these molecules in exposed fish. Depletion in the level of
haemoglobin could be attributed to the probable disruption in the pathway of
haemoglobin synthesis, possibly by checking the haemoglobin synthesizing ability of
fish. Secondly, to the inhibition in the secretion of haemopoietin from haemopoietic
organs, is checking the production of erythrocytes. Further works are required to
know the real mechanism involved in the depletion of haemoglobin.

The stress exerted by acid enhanced the breakdown of muscle, liver and kidney
glycogen reserve. Increased glycolysis should be expected in exercising fish as a
means of stepping up the glucose supply to the mechanical tissue. The available evi-
dences leave no doubt that glycogen is the stored form of energy which can be easily
mobilized and glucose is the most readily utilizable source of energy[28]. The percen-
tage depletion of glycogen level was more in muscle compared to kidney and liver,
Table 1. This indicates that muscle glycogen is utilized first by the acid exposed fish to
meet the energy requirements and save its reserves in the liver to perform other vital
functions of life. The findingsI29-31] lend a considerable support to the present investi-
gation. They reported a significant decline of glycogen content in the fish exposed to
metals and attributed it to increased muscular activity of fish brought about by toxic-
ants.
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