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Abstract: In this study the effects of bleached kraft pulp and paper mill effluents on the biochemical and
physiological parameters of fish Channa punctatus were reported. Water samples were collected from River
Aami. Fishes were treated with different sub-lethal doses of water samples, it shows significant alterations in
level of total protein, total free amino acids, glycogen, nucleic acids and the activity of enzymes protease and
transaminases, the differential leukocyte counts also showed slight differences, fewer lymphocytes and more
granulocytes were found. The morphology of red blood cells had more elongate erythrocytes with a longer
major axis and a shorter minor axis.
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INTRODUCTION considerable physiological and biochemical stress,

Water pollution has many sources, the most polluting growth, impaired reproduction, predisposition to disease,
of them are the industrial wastes discharged into the reduced locomotory and predatory performance or
rivers [1-3]. The paper and pulp industry is one of the reduced capacity to tolerate subsequent stress [11].
oldest industries in our country. Jokinen et al. [12] found that, in immunized roach, the

The pulp and paper industry world-wide produces antibody secreting cell response was lower and antibody
varying amount of effluents, which are discharged into titers increased more slowly in exposed fish indicating a
the aquatic environment. More recently, research efforts weakened response to the antigen after sub-chronic
have focused on the environmental fate and effects of exposure of roach to BKME. Jeney et al. [13] found
bleached kraft mill effluent (BKME) on a wide range of decreased lymphocyte numbers in blood of roach
species and ecosystems. Most researches into the collected from contaminated Lake Vatia when compared
biological impact of pulp effluent in both field and with roach from uncontaminated Lake Peurunka.
experimental stream exposures has involved aquatic The purpose of the present study was to describe the
organisms, including benthic organisms [4], fin fish [5-7], physiological and biochemical changes in freshwater fish
white sucker [8], rainbow trout [9] and largemouth bass Channapunctatus caused by BKME.
[10].

Chlorophenols, fatty acids and resin acids are the MATERIALS AND METHODS
main acutely toxic and bioaccumulating compounds in
bleached kraft mill effluent. BKME has a wide range of Collection of Experimental Animal: Fish
physiological and biochemical effects in fish living in Channapunctatus (29.21±1.83 g weight and 14.5±1.20 cm
contaminated water areas. The immunological response of length) were collected from the Ramgarh Lake of
fishes is impaired also due to BKME. Exposure of fish to Gorakhpur district. The collected fishes were maintained
sub-lethal concentrations of contaminants may impose in  glass aquaria containing 100 L de-chlorinated tap water

resulting in a number of manifestations such as reduced
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for acclimatization to laboratory conditions for 1 week.
The water in aquaria was aerated continuously. The dead
animals were removed from the aquaria to avoid any
contamination.

Description of Paper Mill Plant: A pulp and paper mill
namely Rayana Paper Board Industries Ltd situated at
Khalilabad, an industrial area of Gorakhpur region,
discharges its effluents into River Aami. This pulp and
paper mill manufacture writing and craft wrapping paper,
produced about 64 tons of paper/day.

Collection of Water Samples: Water samples were
collected from three sampling sites

Site- I:From the entry point of the effluents into River
Aami
Site- II: 200 meters downstream from the site I
Site- III:200 meters upstream from the site I

Samples will be collected in early hour of day from
these sites.

Biochemical Experiment: The biochemical experiments
were performed by the method of Tripathi and Singh [14]
and conducted in freshwater ponds, 29.28 m in area and3

9.19 m  in water volume. Pond was stocked with 60 fishes3

with a size difference not greater than 1.5 times [15] and
then treated with different sub-lethal doses of water
samples (Table 1). Fishes of control group were kept in
similar conditions without any treatment. After completion
of 96 hrs the muscle and liver tissue in fish
Channapunctatus of treated as well as control group were
quickly dissected out and used for biochemical
estimations.

Protein: Protein levels were estimated according to the
method of Lowry et al. [16] using bovine serum albumin
as standard. Homogenates (10 mg/ml, w/v) were prepared
in 10% TCA.

Total Free Amino Acids: Estimation of total free amino
acid was made according to the method of Spices [17].
Homogenates (10 mg/ml, w/v) were prepared in 95%
ethanol, centrifuged at 6000 xg and used for amino acid
estimation.

Nucleic Acids: Estimation of nucleic acids (DNA and
RNA) was performed, by methods of Schneider [18] using
diphenylamine    and     orcinol     reagents,    respectively.

Table 1: Doses used for biochemical and hematological studies on fish
Channapunctatus

Site Type of Effluent Percent dilution
Biochemical Studies
Site I BKME 9.5%
Site II BKME 10.5%
Site III BKME 15.5%
Hematological Studies
Site I BKME 5.5%
Site II BKME 5.5%
Site III BKME 8.5%

Homogenates (1 mg/ml, w/v) were prepared in 5% TCA at
900 C, centrifuged at 5000 xg for 20 min and supernatant
was prepared and used for estimation. Both DNA and
RNA have been expressed as µg/ mg tissue.

Glycogen: Glycogen was estimated by the Anthrone
method of Van Der Vies, [19]. In the present experiment 50
mg of tissue were homogenates with 5 ml of cold 5% TCA.
The homogenate was filtered and 1.0 ml of filtrate was
used for assay.

Protease: Protease activity was estimated by the method
of Moore and Stein[20]. Homogenate (50 mg/ml, w/v) was
prepared in cold distilled water. Optical density was
measured at 570 nm. The enzyme activity was expressed
in µmol of tyrosine equivalent/mg protein/h.

Transaminases: Glutamic oxalic transaminase (AST) and
Glutamic pyruvic transaminase (ALT) activities were
measured according to Reitman and Frankel [21].
Homogenates (100 mg/ml, w/v) were prepared in
phosphate buffer for 5 minutes and centrifuged at 1000 g
for 15 minutes and supernatant was kept for estimation of
enzyme activity.

Hematological Experiment: Hematological experiment was
conducted in freshwater ponds, 29.28 m in area and 9.193

m  in water volume. Each pond was stocked with 20 adult3

Channapunctatus and     then   treated   with  different
sub-lethal doses (Table 2). No artificial feeding was
carried out. All fish were examined after three weeks
exposure. This parameter was measured according to
Lehmann et al. [22].

Approximately 10µl of blood from each fish were
used to make the blood smears. The smears were stained
in May-Grunwald and Giemsa solutions. The major and
the minor axes of 500 erythrocytes on each smear were
measured by means of a light microscope
(1000×magnification). The ratio of the major/minor axes
plus the surface area of the erythrocytes were calculated.
Two hundred leucocytes on each smear were determined.
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Table 2: Levels of total protein, total free amino acids, nucleic acid (DNA and RNA), glycogen, protease and transaminases (AST & ALT) in liver and
muscle tissue of Channapunctatus after sub-lethal doses of bleached effluent collected from site I, II and III after 96h

Parameter Tissue Control Site I Site II Site III

Protein (µg/ mg) Liver 136±0.01 (100) 76.5±0.01* (56) 83.8±0.01* (62) 130±0.02* (95) 
Muscle 154±0.01 (100) 82±0.005* (53) 90±0.003* (58) 143±0.01* (92)

Amino acid (µg/ mg) Liver 5.5±0.02 (100) 14.0±0.01* (255) 11.5±0.02* (209) 5.8±0.01* (105)
Muscle 7.5±0.005 (100) 15.0±0.01* (200) 13.5±0.01* (180) 8.1±0.002* (108)

DNA (µg/ mg) Liver 27±0.002 (100) 14±0.004* (52) 15.3 ±0.02* (57) 26±0.02* (96)
Muscle 23.5±0.01 (100) 9.4±0.005* (40) 12±0.01* (51) 22±0.001* (94)

RNA (µg/ mg) Liver 30.5±0.01 (100) 14.8±0.02* (48) 16.3 ±0.006* (53) 28.9±0.003* (95)
Muscle 27.2±0.005 (100) 10.8±0.01* (40) 13.2±0.005* (49) 25.5±0.002* (93)

Glycogen (mg glycogen/g of tissue) Liver 4.41±0.01 (100) 3.1±0.01* (70) 3.5±0.01* (79) 4.3±0.005* (97)
Muscle 3.4±0.01 (100) 2.1±0.003* (62) 2.30±0.01* (68) 3.4±0.001* (94)

Protease (µmoles pyruvate/g tissue) Liver 0.968±0.001 (100) 1.37±0.003* (141) 1.13±0.005* (116) 1.03±0.002* (106)
Muscle 0.812±0.002 (100) 1.28±0.01* (157) 1.16±0.01* (142) 104±0.002* (128)

(AST) (µmoles pyruvate/mg protein/hr) Liver 5.82±0.004 (100) 6.66±0.02* (114) 6.46±0.01* (110) 6.0±0.002* (103)
Muscle 5.22±0.01 (100) 5.68±0.01* (108) 5.45±0.004* (104) 5.35±0.01* (102)

(ALT) (µmoles pyruvate/mg protein/hr) Liver 6.24±0.003 (100) 11.6±0.01*  (186) 11.3±0.01* (181) 6.5±0.003* (106)
Muscle 5.78±0.01 (100) 6.26±0.003* (108) 6.08±0.01* (105) 5.82±0.002* (101)

 Values are mean ± SE of six replicates.
 Values in parentheses are% change with control taken as 100%.
 Data were analyzed through student’s‘t’ test.
 *Significant (P<0.05), when treated groups were compared with controls.

RESULTS

Biochemical Experiment: Sub-lethal doses of water Hematological study is important for toxicological
samples collected from site I and site II caused significant research, environmental monitoring of fish and their
alterations in the level of total protein, total free amino health conditions during culture because fish generally
acids, glycogen and nucleic acids and activity of enzyme are so intimately associated with the aquatic environment.
protease and transaminases in liver and muscle tissue of On the exposure of bleached effluent after three weeks,
fish Channapunctatus. Total protein level was reduced to Lymphocyte value was reduced, monocyte value was
56% and 53% of control, Nucleic acid level such as DNA nearly same and value of granulocyte total was higher
level was reduced to 52% and 40% of control, similarly, than control group. The mean size of the erythrocytes
RNA level was reduced to 48% and 40% of control, were different, the major axis of erythrocytes was
Glycogen level was reduced to 70% and 62% of control, significantly longer, while the minor axis was significantly
while Total free amino acid level was induced to 255% and shorter than control groups, this means that their cells
200% of control, respectively in liver and muscle tissues. were more elongate. As a consequence, the ratio of the
The activity of transaminases Glutamic oxalic major and the minor axis were also different; ratio was
transaminase (AST) was increased up to 114% and 108% higher than the control group. However the surface area
of control, whereas Glutamic pyruvic transaminase (ALT) of the cells did not differ (Table 3). The value of
level was increased up to 186% and 108% of control, hematological parameters of site III is nearly to control
Protease activity was significantly increased 141% and group.
157% of control respectively in liver and muscle tissues of
fish after 96h exposure to sub lethal dose of effluent DISCUSSION
collected from Site I (Table 2). Similar trend of result were
observed for site II (Table 2). Data of  biochemical  observation,  indicates  that

The value of all biochemical parameters of site III is after exposure to 96h of fish with sub-lethal doses of
nearly same to control group, so it is clear that the water water sample caused significant (P<0.05) decrease in the
sample collected from site III is less toxic than site I and level of total protein, glycogen, nucleic acids and
site II. enhancement  in  total  free  amino  acid level, protease as

Hematological Experiment
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Table 3: Effect on differential leucocytes count and the size of erythrocytes of Channapunctatus after sub-lethal doses, 5.5%dilution of site I, Site II and 8.5%
dilution of site III, of bleached effluents after three weeks

Parameters Control Site I Site II Site III

Leucocytes
Lymphocyte,% 70.53±0.006 62.83±0.007 65.16±0.005 67.22±0.006
Monocyte,% 10.15±0.005 10.31±0.006 10.02±0.005 10.08±0.002
Granulocyte total 16.72±0.007 20.26±0.008 18.96±0.007 17.22±0.005

Erythrocytes
Major axis µm (ranges) 10.93±0.006 (9.00-17.00) 13.23±0.007  (12.00-17.00) 12.12±0.006 (10.0-16.0) 11.55±0.002 (9.0-15)
Minor axis µm (ranges) 7.43±0.005 (6.00-10.00) 7.12±0.006  (6.00-9.00) 7.28±0.006  (6.0-9.0) 7.18±0.005 (6.0-9.0)
Major axis/Minor axis (ranges) 1.47±0.002 (1.25-2.55) 1.85±0.001 (1.55-2.75) 1.66±0.002 (1.35-2.55) 1.53±0.006 (1.25-2.45)
Surface area µm (ranges) 80.21±0.008 (60.0-110.0) 81.11±0.007  (65.0-108.0) 79.06±0.007  (63.0-105.0) 80.38±0.001 (64.0-109.0)

Results are expressed as mean ±SE of sixreplicates

well as significant (P<0.05) enhancement in activities of Hematological studies help in understanding the
transaminases (AST & ALT) in liver and muscle tissue of relationship  of   blood   characteristics  to  the  habitat
fish (Table 2). and adaptability of the species to  the  environment.

The depletion of protein fraction may have been due Many  factors   such  as  environmental  and
to their degradation and possible utilization of degraded physiological  are   known   to   influence  fish
products for metabolic purposes. Depletion in tissue hematology; these include stress due to capturing,
proteins of fishes due to low rate of protein synthesis transportation,  sampling,  age  and  sex [40]. The decline
under metallic stress was also reported by several workers in  leucocytes  count   reported   by  Tana and Nikunen
[23, 24]. The enzyme protease functions in hydrolyzing [41]  is  probably  attributed  to  reduction  in the number
proteins to free amino acids and small peptides. Increased of circulating small lymphocytes [42], which may be
protease activity in the body tissue corroborates the resulted in the reduced resistance of stressed fish to
enhancement in the free amino acid level, the formation of diseases. Sizes of erythrocytes are increased than the
which might be the result of protein hydrolysis in the control because the animal was in  stress  so consume
tissues suggesting stimulation during toxic stress. Similar large  amount  of O (Table 3). Red blood cells are
trend of results on protease activity were also reported by normally more  elongated  when  they  get   older  [43].
several workers in different animals as Tilapia The red blood cell count of Clariusgariepinus was
mossambica, Pilaglobosa and various mammals, [25-28]. reported to have increased significantly by Annue et al.
Increase in free amino acids level was the result of [44] when the fish was  subjected  to  zinc  treatment.
breakdown of protein for energy  requirement and They attributed the red blood cell elevation to blood cell
impaired incorporation of amino acids in protein synthesis reserve combined with cell shrinkage as a result of
[29]. It also attributed to lesser use of amino acids [30] and osmotic alteration of blood by the action  of  metal  [45].
their involvement in the maintenance of an acid-base In fish blood, oxygen is carried in combination with
balance [31]. The decrease in the glycogen content in hemoglobin and this is very important for survival of the
tissues indicates its rapid utilization by the perspective fish. These results are also supported by many workers
tissues as a consequence of toxic stress felt by the [10, 46-48].
animals during the experiment. Inhibition in DNA On the basis of the present investigations it may be
synthesis might affect both protein as well as amino acid concluded that effluent from the pulp and paper mill
levels by decreasing the level of RNA in protein synthesis industries has a profound effect on the biochemical
machinery [32]. Similar results were also observed by aspects like hematological and muscle profile, with
Yadav et al.[33]. Transaminases are released during particular reference to energy metabolism in freshwater
cellular damage or lysis [34-36]. Stress conditions induce fish Channapunctatus.
elevation in the transamination pathway [37]. Many other
workers were also observed the increased transaminases ACKNOWLEDGEMENTS
activity in freshwater fishes exposed to various toxicants
[38]. The increase may also due to damage of the organs One of the authors Jaya Shahi is thankful to
resulting in increase protein and CHO metabolism as Department of Science and Technology, New Delhi for
suggested by Nemcso’k et al. [39]. financial Assistance.

2



World J. Fish & Marine Sci., 5 (5): 556-562, 2013

560

REFERENCES 9. Orrego, R., Burgos Abed, Moraga-Cid Gustavo,

1. Sudhira, H.S. and V.S. Kumar, 2000. Monitoring of
lake water quality in Mysore city. In: international
symposium on restoration of lakes and wetlands:
Proceeding of lake 2000, Ramachandra, T.V.,
Rajasekara, M.C. and Ahalya, N. (Eds.), Bangalore,
India: Center for Ecological Sciences. Indian
Institutes of Sci., pp: 1-10.

2. Adeyemo, O.K., 2003. Consequences of pollution and
degradation of Nigerian aquatic environment on
fisheries    resources.      The    Environmentalist,
23(4): 297-306.

3. Wahbi Olfat, M. and A. EI-Greisy Zeinab, 2007.
Comparative  impact  of  different waste sources on
the reproductive parameters and histology of
gonads, liver and pituitary gland of
Siganusrivulatus. Journal of Applied Sciences
Research, 3(3): 236-244.

4. Owens, J.W., 1991. The hazard assessment of pulp
and paper effluents in the aquatic environment: A
review. Environmental  Toxicology  and  Chemistry,
10: 1511-1540.

5. Munkittrick, K.R., M.E. McMaster, G.J. Van Der Kraak
and C.B. Portt, 1991. Reproductive dysfunction and
MFO activity in three species of fish exposed to
bleached  kraft   mill  effluent.  Burlington  Ontario,
pp: 1-10.

6. Owens, J.W., S.M. Swanson and D.A. Birkholz, 1994.
Bioaccumulation of 2,3,7,8-tetrachlorodibenzo-p-
dioxin, 2,3,7,8-tetrachlorodibenzofuran and
extractable  organic  chlorine   at   a bleached–kraft
mill site in a northern Canadian river system.
Environmental  Toxicology        and     Chemistry,
13: 343-354.

7. Kloepper-Same, P.J. and E. Benton, 1994. Exposure of
fish to biologically treated bleached-kraft effluent. 2.
Introduction of hepatic cytochrome P4501A in
Mountain Whitefish (Prosopiumwilliamsoni) and
other species. Environmental Toxicology and
Chemistry, 13: 1483-1496.

8. Hewitt,  L.M.,   J.L.   Parrott,   K.   Wells,   M.  Calpm,
S. Biddiscombe, M.E. McMaster, K.R. Munkittrick
and G.J. Van Der Kraak, 2000. Characteristics of
ligands  for  the  Ah receptor and sex steroid
receptors in hepatic tissues of fish exposed to
bleached  kraft mill effluent. Environ. Sci. Technol.,
34: 4327-4334.

Inzunza Barbara, Gonzalez Margarita, Valenzuela
Ariel, Barra Ricardo and F. Gavilan Juan, 2005. Effects
of pulp and paper mill discharges on caged Rainbow
trout   (Onchorhynchusmykiss):   biomarker
responses along a pollution gradient in the
BiobioRiver, Chile. Environmental Toxicological and
Chemistry, pp: 2280-2287.

10. Baer Kevin, N., R. Bankston Cristy, Mosadeghi Sasan
and Schlenk Daniel, 2009. The effects of pulp and
paper mill effluent on physiological and
hematological endpoints in fingerling Largemouth
bass (Micropterussalmoides). Drug and Chemical
Toxicology, 32(1): 59-67.

11. Adams,   S.M.,    W.D.    Crumby,    M.S.   Greeley,
L.R. Shugart and C.F. Saylor, 1992. Responses of fish
populations and communities to pulp mill effluents:
a  holistic   assessment.   Ecotoxicol.  Environ. Saf.,
24: 347-360.

12. Jokinen, E.I., T.M. Aaltonen  and  E.T.  Valtonen,
1995. Subchronic effects of pulp and paper mill
effluents  on  the  immunoglobulin synthesis of
roach,  Rutilusrutilus.  Ecotoxicol.  Environm.  Saf.,
32: 219-225.

13. Jeney, Z., E.T. Valtonen, G. Jeney and E.I. Jookinen,
1996. Effects of pulp and paper mill effluent (BKME)
on physiology and biochemistry of the Roach
(Rutilusrutilus L.). Arch. Environ. Contam. Toxicol.,
30: 523-529.

14. Tripathi, P.K. and A. Singh, 2001. Toxic effect of
alphamethrin (synthetic pyrethroid) on oxidative
metabolism of freshwater snail
LymnaeaaccuminataIn: (Gargh, S.L.Ed.) Proc. Inter.
Cong. Chem. Environ., pp: 238-243.

15. APHA, 1992. Standard methods of the examination of
water & waste water. APHA, Washington.

16. Lowry,  O.H.,   N.J.   Rosebrough,   A.L.   Farr  and
R.J. Randall, 1951. Protein measurement with folin
phenol reagent. J. Biol. Chem., 193: 265-275.

17. Spies, J.R., 1957. Calorimetric products for amino
acids. In: Methods in Enzymology. (Calowick, S.P.
and Kaplon, N.O. Eds. I, Academic Press, pp: 468.

18. Schneider, W.C., 1957. Determination of nucleic acids
in tissue by pentose analysis. In: Enzymology
(Calowick, S.P. and Kaplon, N.O. Eds.) Academic
Press, pp: 680.

19. Van der Vies, J., 1954. Two methods for the
determination  of   glycogen  in  liver.  Biochem.  J.,
57: 410-46.



World J. Fish & Marine Sci., 5 (5): 556-562, 2013

561

20. Moore, S. and W.H. Stein, 1954. A modified 30. Seshagiri Rao, K., Srinivas Moorthy, B. Kashi Reddy,
ninhydrin reagent for the photometric determination K.S. Swamy and C.S.Chethy,1987. Effect of
of amino acids and related compounds. A Journal of benthiocarb on protein metabolism of teleost,
Biological chemistry, 211: 907-913. Sarotherodon  mossambica. Indian J. Environ.

21. Reitman, S. and S. Frankel, 1957. A calorimetric Health, 29: 440-450.
method for the determination of glutamic-oxaloacetic 31. Moorthy, K.S., B. Kashi Reddy,  K.S.  Swamy  and
and glutamic-pyruvic transaminase. Amer. J. Clin. C.S. Chethy, 1984. Changes in respiration and ionic
Pathol., 28: 56-63. content in  the  tissue  of  fresh  water  mussel

22. Lehmann, J., F.J. Sturnberg and F. Hesse, 1976. exposed to methyl-parathion toxicity. Toxicol. Lett.,
Hematological–serologischeSubstratuntersuchung 21: 287-291.
enan der Regenbogenforelle (Salmogairdneri, Rich.) 32. Nordenskjold, M., J. Soderhall and P. Moldens, 1979.
III. Normwerter des Hematogrammsunter Studies on DNA strands breaks induced in human
Beruksichtingung alters-und jahreszeitlichbedingter fibroblasts by chemical mutagens and carcinogens.
Schwankungen. Gewasser Abwasser, 59: 1-32. Mutat. Res., 63: 393-400. 

23. Virk, S. and A. Sharma, 2003. Alterations in the 33. Yadav, R.P., S. Tiwari and A. Singh, 2005. Toxic effect
biochemical constituents of muscles of of taraxerol extracted from Codiaeum variegatum
Cirrhinusmrigala following exposure to and stem-bark on target vector snail  Lymnaea acuminata
withdrawal from metal. Bull. Environ. Contam. and non target fish. Iberus, 23(1): 1-13.
Toxicol., 70: 106-111. 34. Market, C. and F. Moller, 1959. Proceedings of the

24. Vutukuru, S.S., 2003. Chromium induced  alterations National  Academy  of Science of the United States
in some biochemical profiles of the  Indian  major of America, 45: 753.
carp, Labeo rohita (Hamilton). Bull. Environ. Contam. 35. Magunusson, G.,   S.K.   Majeed,   W.H.   Down,
Toxicol., 70: 118-123. R.M. Sacharin and K. Jorgeson,  1979.  Hepatic

25. Millward, DJ., 1970. Protein turnover in skeletal effects  of  cyclindine  isomers  in  rats. Toxicology,
muscle II. The effect of starvation and protein free 12: 63-74.
diet on the synthesis and catabolism of skeletal 36. Pisam, M., 1981. Membrane system in the chloride
muscle protein in comparison to liver. Clinical cell of teleostean fish gill, their modifications in
Science, 39: 591-603. response to the salinity of the environment. Anatom.

26. Siva Prasada Rao, K., 1980. Studies on some aspects Rec., 200: 401-414.
of metabolic changes with emphasis on 37. Natarajan, G.M., 1985. Inhibition of branchial
carbohydrates utility in the cell-free system of the enzymes in snake head fish (Channastriatus) by oxy
Teleost Tilapia mossambica (Peters) under Methyl demetom-methyl. Pest. Biochem. Physiol., 23: 41-46.
Parathion exposure. Ph.D. Dissertation, Sri 38. Susan, T.A., K. Veeraiah and K.S. Tilak, 1999.
Venkateswara University, Tirupati, India. Biochemical and enzymatic changes in the tissues of

27. Sivaiah, S., 1980. Studies on some aspects of Catlacatla, exposed  to  the  pyrethroidfenvalerate.
physiology and Enzymatic changes in cell free J. Ecobiol., 11: 109-116.
system of the snail Pilaglobosai (Swaimson) 39. Nemcso’k, J., I. Benedeczky, L. Boross, B. Asztalos
subjected to Malathion exposure. Ph.D. Dissertation, and L. Orban, 1981. Subcellular localization of
Sri Venkateswara University, Tirupati, India. transaminase enzymes in fishes and their significance

28. Kabeer, A., I. Sahib, K. Siva Prasada Rao, Sambasiva in the detection of water pollution. Acta Biol. Szeg.,
and K.V. Rao Rama, 1984. Sub-lethal toxicity of 27: 9-5.
malathion on the protease and free amino acid 40. Hattingh, J. and A.J.J. Pletzen, 1974. The influence of
composition of the teleost Tilapia Tilapia capture and transportation  on  some  blood
mossambica   (Peters).     Toxicology     Letter,   20: parameter of freshwater fish. Comp.
59-62. Brochemphyscol., 49a: 607-609.

29. Singh, A., D.K. Singh, T.N. Mishra and R.A. Agarwal, 41. Tana, J. and E. Nikunen, 1986. Impact of pulp mill
1996. Molluscicides of plant origin. Biol. Agric. effluent on egg hatchability of pike (Esoxlucius L).
Hortic., 13: 205-252. Bull Environ.Contam. Toxicol., 36: 738-743.



World J. Fish & Marine Sci., 5 (5): 556-562, 2013

562

42. McLeay, D.J., 1975. Sensitivitty of blood cell counts 46. Jeney Zsigmond, E. Valtonen, Tellervo, Jeney Galina
in juvenile coho salmon (Onchorhynchuskisutch) to and E. Jokinen, 2002. Effects of bleached kraft pulp
stressors including concentration of pulp mill effluent and  paper mill effluent on physiological parameters
and Zinc. J. Fish Res. Board Can., 32: 2357-2364. of roach (Rutilus rutilus) infected by the digenean

43. Harding, J., 1978. Maturation of circulating red blood Rhipidocotylefennica.   Folia   Parasitologica,  49:
cells in young Baltic salmon (Salmosalar L.) Acta 103-108.
Physiological Scadinavica, 102: 290-300. 47. Kori-Siakpere Ovie, Ake Jeg and U.M. Avworo, 2006.

44. Annune, P.A., S.O. Ebele and A.A. Olademeji, 1994. Sublethal effects of some selected hematological
Acute toxicity of cadmium to juveniles of Clarias parameters of Heteroclarias (A hybrid of
gariepinus (Teugels) and Oreochromicsniloticus Heterobranchus bidorsalis and Clarias genepinus).
(Trewawas). J. Environ. Sci. Health, 29: 1357-1365. Int. J. Zool. Res., 2: 77-83.

45. Tort, L. and P. Torres, 1988. The sublethal 48. Kori-Siakpere Ovie and Oghoghene Ubogu Ewoma,
concentration of cadmium on hematological 2008. Sublethal hematological effects of Zinc on the
parameters in dogfish Soyliorhinue canicula. J. Fish freshwater fish, Heteroclarias sp. (Osteeichthyes:
Biol., 32: 277-282. Clariidae). African Journal of Biotechnology, 7(12):

2068-2073.


