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The objective of this study was to evaluate the acute toxicity (LCsg) and
behavioural alterations by heavy metals, copper sulphate and potassium
chromate to “tailless freshwater flea”, Simocephalus vetulus (Crustacea-
Cladocera). S. vetulus were subjected to static bioassay tests to ascertain the
LCs, values and their 95% confidence limits of copper sulphate and
potassium chromate which were calculated according to trimmed Spearman-
Karber method. The LCsp values of 24, 48, 72 and 96hr exposure for copper
sulphate and potassium chromate to S. vetulus were found to be 0.87, 0.58,
0.45, 0.37 mgL™" and 0.70, 0.33, 0.23, 0.16 mgL ™" respectively. Behavioural
alterations like hyperactivity, fast appendage movements and avoidance were
noticed at initial stage and at later stage erratic swimming and spinning,
reduced activity were common in both metals while darkening of cuticle in

copper and cuticular lightening in chromium were peculiar alterations. LCsg
values indicated that S. vetulus were more sensitive to potassium chromate
than copper sulphate. The behavioural response and changes of S. vetulus
showed the most sensitive indication of potential toxic effects. Hence LCsg
values of present study showed to be an important predictive and sensitive
biomarker in aquatic monitoring and pollution management.

Copy Right, I1JAR, 2016,. All rights reserved.

Introduction:-

Industrial development manifested due to setting up of new industries or expansion of existing industrial
establishments has resulted in the generation of industrial effluents, spatially small scale cottage industries which
discharge untreated effluents and ultimately cause air, water, soil and soil solid waste pollution (Nasrullah et al.,
2006). Most industries discharge their effluents into water bodies such as rivers, streams, lakes, etc. The major
concern about these effluents is that if it discharged untreated, they may exhibit acute or chronic toxic effects on
organisms in the receiving water bodies and result in ecological damage (Adewuyi et al., 2010).

The main substances involved in chemical pollution through industrial effluent are heavy metals, organic
compounds, especially organo-halogenated substances, detergents-“surfactants”, pesticides, polycyclic Aromatic
Hydrocarbons (PAHs) and Poly Chloro Biphenyls (PCBs), nitrates, phosphates, and drug residues (Kimmerer,
2001; Zimmo et al., 2004; Emmanuel et al., 2004; Lacour et al., 2006).

Heavy metals after entering into environment finally find their way into aquatic ecosystem and affects aquatic flora
and fauna as well as human beings. Copper, though an necessary micronutrient, when present in excess causes
different toxic effects on aquatic flora and fauna by changing their behaviour, physiology and histoarchitecture
(Singh, 2014).
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Among various metals, Copper a “grey listed metal” (Mason, 1996) naturally occurs in rocks, soil, water, sediments,
air as well as are widely used in agriculture and various industries. After taking entry in aquatic system copper
becomes highly toxic to flora and fauna. Cu and its compounds have been designated as priority pollutants by (EPA,
2000). Cu is one of the heavy metals, that is necessary at small concentrations but at higher levels it becomes toxic
to zooplankton (Bossuyt and Janssen, 2004). Cu salts are widely used as an algaecide for controlling phytoplankton
in fish ponds and lakes as well as an herbicide, used in aquatic weed control for which proper standardization of
doses is lacking. The unplanned excessive doses can alter the physiology, histology, survival rate, growth and
reproductive potential of fishes. The toxic effects of copper on fishes and other aquatic organisms are not very well
studied in comparison to other metals (Witeska, 2005; Lodhi et al., 2006; Sharma and Shukla, 2006; Verma et al.,
2010; Reddey et al., 2016).

Another metal Chromium is considered non essential for plants, but an essential trace element for animals required
for basal metabolism (APHA, 1998). The United Nations Food and Agriculture Organization recommended
maximum level for irrigation waters as 100pg/L. The U. S. EPA primary drinking water standard MCL (maximum
contamination level) is 0.1 mg/L for total chromium (APHA, 1998). Cr is a heavy metal with two oxidation stages:
Cr (1) and Cr (VI); the first one is a micronutrient required for some organisms, whereas the Cr (VI) is a
carcinogenic toxic substance that is discharged into the environment as pollutant from industrial activities
(Martiez-Jeronimo et al., 2006). Cr is used in the textile, leather, galvanizing and metallurgic industries, and their
discharges contain additionally important amounts of salts. This is a stress producing factor for freshwater aquatic
organisms (Gomez-Diaz and Martmez-Jeronimo, 2009). Effect of chromium on reproduction, mortality and total
growth rate have been recorded on various organisms including Daphnia. (Sharma, et al., 2008; Gopi et al., 2012).

Crustaceans specially, prawn, shrimps, lobsters and crabs are on top of foreign exchange earners among aquaculture
products have important place in aquatic food web and are more sensitive to the toxicants than aquatic vertebrates
therefore wildly used in toxicity testing and biomonitering (Shukla and Sharma, 1992; Sharma and Shukla, 2006;
Verma et al., 2010).

The freshwater crustaceans specially Cladocerans are commonly used in measuring pollution level, drinking water
quality and in testing of human body fluids, due to their macroscopic size, easy culture methods, short life cycle and
parthenogenetic mode of reproduction (Smirnov, 2014). The aquatic creatures like “tailless freshwater flea”,
Simocephalus vetulus (Crustacea-Cladocera) being the sensitive crustaceans can serve as important biological
indicator for aquatic pollution and also plays an important role in food webs of aquatic ecosystems. It occupies a key
position, thus allows the transfer of energy and matters from lower trophic levels to higher trophic levels in fresh
water aquatic ecosystem (Hakima et al., 2013).

Keeping this in view, the present study was under taken to evaluate the LCs, values of copper sulphate and
potassium chromate to the “tailless freshwater flea” S. vetulus and to study its behavioural alterations due to the
heavy metal toxicity.

Materials and Methods:-

Collection and culture of S. vetulus:-

S. vetulus (Crustacea-Cladocera) were collected from the freshwater pond located near Ikkar railway station at
Haridwar and identified (Michael and Sharma, 1988). The samples were brought to laboratory and their culture was
prepared. Five gm. of dried animal compost and 25 gm. of soil garden were mixed in one liter of pond water in a
trough. The mixture was filtered through 0.15 mm pores membrane and kept at laboratory temperature for 2 days.
For the preparation of the medium, one volume of filtered liquid was mixed with 6 to 8 volumes of pond water
following the method of (Davis and Ford, 1992). The stock culture of S. vetulus was done in a five liter glass jar,
which can be optimized further for growth depending upon the observations (US-EPA, 2000).

S. vetulus were fed once in 24 hours (or as per experimental need) with mixture of dried prawn powder in liquid
form.

Preparation of toxicant and analysis:-

Stock solution of Copper sulphate (CuSO4.5H,0: AR: Merck Specialities Private Limited, Mumbai, India) and
Potassium chromate (K,CrO,: AR: Merck Specialities Private Limited, Mumbai, India) was prepared by dissolving
weighed amount of salt in double distilled water. Two to three drops of glacial acetic acid was added to stock
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solution of copper sulphate so as to prevent the precipitation. The experimental medium was analyzed for its
physico-chemical parameters (Temperature, pH, Dissolved oxygen and Total hardness) as per standard methods of
(APHA et al., 2012).

Experimental set up:-

All toxicity tests were carried out on neonates (age < 24 hr) obtained by isolating the adults from the stock culture.
A series of five concentrations of test medium were prepared on the basis of toxic ranges determined by exploratory
tests, in 100ml glass beaker containing 50ml of dilution water (DW).10 neonates of 24hr old S. vetulus were
carefully introduced in each beaker containing test medium water. 50ml of DW in a beaker, served as control. All
tests were carried out up to 96hr following standard procedure (APHA et al., 2012). Percent mortality (PM) was
recorded for all the concentration of CuSO4.5H,0 and K,CrO, at 24, 48, 72 and 96hr. The animals failing to
response were considered as dead. Behavioral responses were observed for each concentration comparing with
control (DW). Experiments were replicated thrice.

Statistical analysis:-
The LCs, values and their 95% confidence limits were calculated according to trimmed Spearman-Karber method
(Hamilton et al., 1977) with software on P.C.

Results and Discussion:-

The physico-chemical parameters (Temperature, pH, Dissolved oxygen and Total hardness) of medium water, LCsg
values and their 95% confidence limits with CuSO,.5H,0 and K,CrO, are given in Tables 1 and 2 respectively, and
LCs, values of copper and chromium for different species of crustaceans studied by other researchers compared with
present study is appended in Table 3.

In the present study, LCs, values with CuSO,.5H,0 and K,CrO, toxicity at 24, 48, 72 and 96hr for S. vetulus were
recorded to be 0.87, 0.58, 0.45, 0.37 and 0.70, 0.33, 0.23, 0.16mgL " respectively at pH-7.3+0.2; DO- 6.5+0.2mgL™;
Total hardness-290+2.4mgL™ and Temperature.- 23+2°C. A clear cut inverse relationship between exposure
duration and LCs, values were noticed in present study. During the present study, it was observed that 96hr LCs
values of S. vetulus due to Cr toxicity were lower than Cu toxicity, showing higher toxicity of chromium than
copper. This might be due to essentiality of Cu towards crustaceans.

Static bioassay tests have been widely used to assess the toxic potential of various toxicants as well as sensitivity of
various organisms at different trophic levels in ecosystem (APHA et al., 1998). Present findings are in confirmity
with the findings of Guilhermino et al., (2000) who recorded 0.399 mgL™ for 24hr LCs, on D. magna, Nandini et al.,
(2007) who recorded 710 pgL™ for 24hr on Moina macrocopa, while some authors reported lower values viz. Mano
et al., (2011) reported LCs, of 16.4 and 10.4 pgL™ at 24 and 48hr respectively on Diaphanosoma brachyurum and
Tellioglu, (2014) reported LCso (18.7 and 12.7 pgL™) due to Cu toxicity at 24 and 48-hr respectively on
Ceriodaphnia reticulata. Whereas the concentration of LCs, (0.16 mgL™) in the present study due to K,CrO, at 24hr
was reported higher by Guilhermino et al., 2000 reported LCs, value of chromous chloride 40.501 mgL™ on D.
magna at 24hr, Rajaretnam and Stanley, 2015 reported LCs, value 3.5 mgL™ on D. magna at 24hr with K,Cr,0,,
while some authors reported lower LCsy values for chromium toxicity Martinez-Jeronimo et al., 2006 reported
0.2076 mgL™ on D. magna at 48hr, Diamantino et al., 2000 reported LCs, Value of sodium dichromate 0.29 mgL™
on D. magna Straus at 48hr. The differences may be due to variation in physico-chemical parameters of diluents
water and as well as in lab condition.

Present study shows that chromium is more toxic than copper as also reported for different crustaceans
(Guilhermino et al., 2000; Rodgher and Espindola, 2008; Rajaretham and Stanley, 2015).

Heavy metals copper and chromium induced marked behavioural alterations in S. vetulus during present study as
initial hyperactivity, mucus secretion, fast appendage movements and avoidance at initial stage while of both the
metal exposures, while at later stage erratic swimming, spinning, reduced activity darkening of carapace in copper
exposure while rough and light carapace in chromium exposure were peculiar features.

Various behavioural alterations observed in present study due to copper and chromium toxicity have also been
reported by various workers in crustaceans (Thiel and Baeza, 2001; Meerhoff et al., 2006; Sharma et al., 2008;
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Loureiro et al., 2013) and other aquatic animals (Ezeonyejiaku et al., 2013; Kamble and Kamble , 2014; Mariappan
and Karuppasamy, 2014; Kumar et al., 2015).

Changes in animal behaviour are the earliest indication to the environmental stress (Clotfelter et al., 2004).
Hyperactivity, fast appendage movement observed in present study may be due to avoidance and irritation caused by
toxicants as also observed by other workers (Lodhi et al., 2006; Sharma and Shukla, 2006). Mucous secretion may
be a protective device against the toxicants as it binds heavy metals to check their further entry (Plonk and Neft,
1969; Lock and Overbreak, 1981; Srinivas and Balaparameswara, 1996). Loss of balance, sluggishness at later
stages may be due to alteration in CNS (Devi and Fingerman, 1995) or may be due to alteration in muscle fibres
(Schultz and Kennedy, 1977).

Table 1. Physico-chemical parameters of medium water.

S.N. Parameter

1 Temperature (°C) 2312

2 pH 7.3+0.2

3 Dissolved oxygen (mgL™) 6.5+0.2

4 Hardness (mgL™) 290+ 2.4

Table 2. LCs, values of copper sulphate and potassium chromate to tailless freshwater flea, S. vetulus.

Time (hr) Copper sulphate Potassium chromate
LCso (mgL™) 95% confidence limits (mgL™) | LCso(mgL™) | 95% confidence limits(mgL™)

24 0.87 0.63 1.19 0.70 0.55 0.90

48 0.58 0.45 0.75 0.33 0.24 0.45

72 0.45 0.32 0.64 0.23 0.16 0.33

96 0.37 0.28 0.48 0.16 0.11 0.24

Table 3. LCs, values of copper sulphate and potassium chromate to tailless freshwater flea, S. vetulus and
comparison with different species of crustaceans.

S.N. Species LCs Metals Duration | Reference
(hr)
1. D. magna 0.399 mgL™ Copper 24 Guilhermino et al., 2000
2. Moina macrocopa | 710 pgL™ CuCl, 24 Nandini et al., 2007
3. Diaphanosoma 16.4and 10.4 pgL™ | CuSO, 24 and 48 | Manoetal., 2011
brachyurum
4. Ceriodaphnia 18.7 and 12.7 ugL™" | Copper 24 and 48 | Tellioglu, 2014
reticulata
5. S. vetulus 0.87 and 0.58mgL™ | CuSO, 24 and 48 | Present study
6. S. vetulus 0.45 and 0.37mgL™ | CuSO, 72 and 96 | Present study
7. D. magna 40.501 mgL™ Chromous | 24 Guilhermino et al., 2000
chloride
8. D. magna 3.5mgL" K,Cr,04 24 Rajaretnam and Stanley, 2015
9. S. vetulus 0.70 mgL™* K,CrO, 24 Present study
10. D. magna 0.2076+0.0164 Cr(VI) 48 Martmez-Jeronimo et al., 2006
mgL™* 20°C
11. D. magna 0.1544+0.0175 Cr(VI) 48 Martmez-Jeronimo et al., 2006
mgL™* 25°C
12. D. magna Straus 0.29 mgL™* Sodium 48 Diamantino et al., 2000
dichromate
13. S. vetulus 0.33mgL" K,CrO, 48 Present study
14. S. vetulus 0.23mgL"” K,CrO, 72 Present study
15. S. vetulus 0.16 mgL™’ K,CrO, 96 Present study
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Conclusion:-

It is evident from present study that both heavy metals copper and chromium are toxic to “tailless freshwater flea”,
S. vetulus. Various behavioural alterations after proper standardizations can serve as biomarkers in reference to
metal toxicity and S. vetulus can serve as better bioindicator for environmental pollution and can be easily used in
biomonitoring.

Acknowledement:-

Authors are thankful to Head, Department of Zoology and Environmental Science, Gurukula Kangri
Vishwavidyalaya Haridwar, Uttarakhand, India for providing necessary facilities, and also thankful to Prof. U. D.
Sharma, Retd. Professor, Department of Zoology, University of Lucknow, Lucknow- 226007, India for suggestions.

Refernces:-

1.

2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Adewuyi, G.O., Babayemi, J.O. and Olabanji, A. A. (2010). Assessment of Toxicity of Effluents Discharged into
Water ways by Some Industries in Nigeria. The Pacific Journal of Science and Technology,11(02): 538-543.

APHA, AWWA, WPCF (1998). Standard Methods for the examination of water and waste waters. 20"Edn. APHA,
Washington.

APHA, AWWA, WPCF (2012). Standard Methods for the examination of water and waste waters. 22"Edn. APHA,
Washington.

Bossuyt, B.T.A. and C.R. Janssen (2004). Influence of multigeneration acclimation to copper on tolerance, energy
reserves and homeostasis of Daphnia magna Straus. Environ.Toxicol.Chem., 23: 2029-2037.

Clotfelter, E.d., Bell, A.M. and Levering, K @004). The role of animal behavior in the study of endocrine disrupting
chemicals. Anim. Behav. 68: 465-476.

Davis, L., Ford, P. (1992). Toxicity reduction evaluation and control. Technomic Publishing Company Inc.

Devi, M. and fingerman, M. (1995). Inhibition of acetylcholinesterase activity in central nervous system of red
swamp crayfish, Procambarus clarkia by mercury, cadmium and lead. Bull. Environ. Contam. Toxicol. 55: 746-750.
Emmanuel, E., Blanchard, J.M., Keck, G., Vermande, P., Perrodin, Y. (2004). Toxicological effects of sodium
hypochlorite disinfections on aquatic organisms and its contribution to AOX formation in hospital wastewater.
Environment International, 30:891-900

EPA (2000). Toxic Pollutants: US environmental protection agency. 40CFR 401.15 (1977). (Code of Fedral
regulations (40) vol. 21: 400-424.) [Revised as July, 2001] from the U.S. govt. printing office via GPO acces (cite: 40
CFR 401.15).

Ezeonyejiaku, C.D., Obiakor, M.O. and Ezenwelu, C.O. (2013). Toxicity of Copper sulphate and behavioral
locomotor response of Tilapia (Oreochromis niloticus) and catfish (Clarias gariepinus) species. Journal of Animal
and Feed Research, 1(4): 130-134.

Gomez-Diaz, M.D.L.P. and Martinez-Jeronimo, F. (2009). Modification of the acute toxic response of Daphnia
magna Straus 1820 to Cr (V1) by the effect of varying saline concentrations (NaCl). Ecotoxicology, 18:81-86.

Gopi, R.A., Ayyappan, S., Chandrasehar, G., Varma, K.K., and Goparaju, A. (2012). Effect of Potassium Dichromate
on the Survival and Reproduction of Daphnia magna. Bull. Environ. Pharmacol. Life Sci. 1 (7): 89 — 94

Guilhermino, L., Diamantino, T., Silva, M.C.and Soares, A.M.V.M. (2000). Acute Toxicity Test with Daphnia
magna: An Alternative to Mammals in the Prescreening of Chemical Toxicity?. Ecotoxicology and Environmental
Safety 46: 357-362.

Hakima, B., Khémissa, C. and Boudjéma, S. (2013). Effects of food limitation on the life history of Simocephalus
expinosus Koch (Cladocera: Daphniidae). Egypt. Acad. J. Biolog. Sci., 5(2): 25-31.

Hamilton, M.A., Russo, R. and Thurston, R.V. (1977). Trimmed Spearman-Karber method for estimating median
lethal concentrations in toxicity bioassay. Environ. Sci. Technol., 11, 714.

Kamble, S.B. and Kamble, N.A. (2014). Behavioural changes in freshwater snail Bellamya bengalensis due to acute
toxicity of copper sulphate and acacia sinuate. International Journal of Science, Environment and Technology,
3(3):1090-1104.

Kumar, M., Kumar, P. and Devi, S. (2015). Toxicity of Copper Sulphate on Behavioural Parameter and Respiratory
Surveillance in freshwater catfish, Clarias batrachus (Lin.). Res J. Chem. Environ. Sci., 3(1): 22-28.

Kimmerer, K. (2001). Drugs in the environment: emission of drugs, diagnostic aids and disinfectants into wastewater
by hospitals in relation to other sources. Chemosphere, 45:957-969.

Lacour, J., Joseph, O., Plancher, M. J., Marseille, J. A., Balthazard, A. K., Pierre, A., Emmanuel, E. (2006).
Evaluation des dangers environnementaux liés aux substances azotées et phosphatées contenues dans les effluents
urbains. RED, 1(3): 6 — 13.

Lock, R.A.C. and Overbreek, V. (1981). Effect of mercuric chloride and methyl mercuric chloride on mucus secretion
in rainbow traut, Salmo gairdneri. Pharmacol. 69: 67-73.

320



ISSN 2320-5407 International Journal of Advanced Research (2016), Volume 4, Issue 6, 316-321

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Lodhi, H.S., Khan, M.A., Verma, R.S. and Sharma, U.D. (2006). Acute toxicity of of copper sulphate to freshwater
prawns. J. Environ. Biol. 27(3): 585-588.

Loureiro, C., Pereira, J.L., Pedrosa, M.A., Gongalves, F. and Castro, B.B. (2013). Competitive Outcome of Daphnia-
Simocephalus Experimental Microcosms: Salinity versus Priority Effects. journal.pone. 10-1371.

Mano, H., Ogamino, Y., Sakamoto, M. and Tanaka, Y. (2011). Acute toxic impacts of three heavy metals (copper,
zinc, and cadmium) on Diaphanosomabrachyurum (Cladocera: Sididae). Limnology, 12:193-196.

Mariappan, M. and Karuppasamy, R. (2014). Acute toxicity effect of copper and cadmium in single and binary
exposure on mortality rate and behavioural responses of freshwater fish, Cyprinus carpio. International Journal of
Current Research. 6(3): 5906-5913.

Martinez-Jeronimo, F., Martinez-Jeronimo, L. and Espinosa-Chavez, F. (2006). Effect of culture conditions and
mother’s age on the sensitivity of Daphnia magna Straus 1820 (Cladocera) neonates to hexavalent chromium.
Ecotoxicology, 15: 259-266.

Mason, C.F. (1996). Biology of freshwater pollution, 3" edition, Longman, U.K. pp 1-4.

Meerhoff, M., Fosalba, C., Bruzzone, C., Mazzeo, N.S., Noordoven, W. and Jeppesen, E. (2006). An experimental
study of habitat choice by Daphnia: plants signal danger more than refuge in subtropical lakes. Freshwater Biology,
51:1320-1330.

Michael, R.G. and Sharma, B.K. (1988). Fauna of |India, Indian Cladocera (Crustacea:
Branchiopoda:Cladocera)Edited by the Director, Zoological Survey of India, Calcutta.

Moore, J.W. and Ramamoorthy, S. (1984). Heavy metals in natural waters. Applied monitoring and impact
Assessment, New York, Berlin, Heidelberg, Tokyo.

Nandini, S., Picazo-Paez, E.A. and Sarma, S.S.S. (2007). The combined effects of heavy metals (copper and zinc),
temperature and  food  (Chlorella  wvulgaris) level on the demographic  characters  of
Moinamacrocopa(Crustacea:Cladocera). Journal of Environmental Science and Health,42, 1433-1442.

Nasrullah, Naz, R., Bibi, H., Igbal, M. and Durrani, M.I. (2006). Pollution load in industrial effluent and ground water
of Gadoon Amazai Industrial Estate. Journal of Agricultural and Biological Science, 01(03):18-24

Plonka, A.C. and Neft, W.H. (1969). Mucopolysaccharide histochemistry of gill epithelial secretions in brook trout
exposed to acid pH. Proc. Pa. Acad. Sci.43: 53-55.

Rajaretnam, A.S. and Stanley, S.A. (2015). Studies on the toxicological effects of bimetals on the cladoceran,
Daphnia magna and examination of histopathological effects through Transmission Electron Microscopy (TEM).
Journal of Chemical and Pharmaceutical Research, 7(4):506-511.

Reddy, P.P., Jagadeshwarlu, R., and Devi, G.S. (2016). Determination of lethal concentration (LCsg) of copper to
Sarotherodon mossambica. International Journal of Fisheries and Aquatic Studies, 4(1): 172-175.

Rodgher, S. and Espindola, ELG. (2008). The influence of algal densities on the toxicity of chromium for
Ceriodaphnia dubia Richard (Cladocera, Crustacea). Braz. J. Biol., 68(2): 341-348.

Schultz, TW. and Kennedy, J.R. (1977). Analysis of the integument and muscles attachment in Daphnia pulex
(Cladocera-Mysticocarida). J. Submicronic. Cytol. 9: 37-51.

Sharma, U.D. and Shukla, S. (2006). Acute toxicity of heavy metals and detergent to fresh water prawn
Macrobrachium lamarrei (crustacea-decapoda). Him. J. Env. Zool., 20(1): 1-6.

Sharma, U.D., Khan, M.A., Lodhi, H.S., Tiwari, K.J. and Shukla, S. (2008). Acute toxicity and behavioural anomalies
in freshwater prawn, Macrbrachium dayanum (Crustacean-Decapoda) exposed to chromium. Aquacult. 9(1): 1-6.
Shukla, S. and Sharma, U.D. (1992). Apocrine secretion in hepatopancreas of Marobrachium lamarrei H.M. edwords
(decapoda-palaemonidae). J. Adv. Zool., 13(1&2): 60-62.

Singh, P. (2014). Effect of sub-acute exposure of copper sulphate on oxygen consumption and scaphognathite
oscillations of fresh water prawn Macrobrachium lamarrei (Crustacea-Decapoda). International Journal of Advanced
Research, 9 (02): 88-93

Smirnov, N.N. (2014). Physiology of the cladocera. Academic Press is an imprint of Elsevier, pp-196.

Srinivas, S.V. and Balaparameswara, M.R. (1996). Chromium induced alteration in the gill of freshwater fish, Labeo
rohita. Indian J. Comp. Animal Physiol. 14: 30-32.

Tellioglu, A. (2014). Acute Toxic Impacts of Three Heavy Metals (Copper, Zinc and Cadmium) on Ceriodaphnia
reticulate (Cladocera). Sch. Acad. J. Biosci., 2(9): 623-626.

Thiel, M. and Baeza, J.A. (2001). Factors affecting the social behaviour of crustaceans living symbiotically with other
marine invertebrates: A modelling approach. Symbiosis, 30: 163-190.

Verma, D.R., Lodhi, H.S., Tiwari, K.J., Shukla, S. and Sharma, U.D. (2010). Copper sulphate induced changes in
scaphognathite oscillations and oxygen consumption of fresh water prawn, Macrobrachium lamarrei
(CrustaceaDecapoda). Journal of Applied and Natural Science, 2(1): 34-37.

Witeska, M. (2005). Stress in fish haematological and immunological effects of heavy metals. Electronic Journal of
Ichthyology. 1: 35-41.

Zimmo, O.R., Vander Steen, N.P., Gijzen, H.J. (2004). Nitrogen mass balance across pilot-scale algae and duckweed-
based wastewater stabilization ponds. Water Research, 38, 4:913-920.

321



