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Abstract: Fish serum may reflect status of many biochemical processes in the metabolism. Heavy metals may 

alter serum biochemical parameters in fishes. In this study, the effect of Cr(VI) and Al(III) in fresh water fish 

I.Punctatus and neutralize these metals by using dead fungal biomass. Activity of serum enzymes AST, ALT, ALP, 

CPK, LDH and α – amylase in aluminium and chromium exposed fish. The above study suggests that serum 

biochemical parameters could be used as important and sensitive biomarkers in ecotoxicological studies 

concerning the effects of metal contamination and fish health. To remove these heavy metals from environment 

by using dead fungal biomass. In this investigation, the following batch experiments study carried out by the 

adsorption range of metal ions [Cr(VI) &Al(III)] in optimum pH 5.2 & 5.5, various concentration of metal ions 

completely adsorbed with in 8hours contact time. 

Key Words: Ictalurus punctatus, Hexavalent chromium, Aluminium, Serum enzymes, Bioremediation, Fungal 
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I. Introduction 
Chromium as one of the major pollutants of the environment is available in nature as an odourless, steel 

gray hard metallic element. It is the seventh most abundant element on the earth and twenty first most abundant 

element the rocks [McGrath and Smith, 1990]. Elemental chromium is not usually found pure in nature and 

principally occurs as the mineral chromite FeOCr2O3 or chrome iron stone in which form is extremely stable. 

Chromium continues to be in widespread use in industry, paints, metal plating as corrosion inhibitor and its 

particulates enter the aquatic medium through effluents discharged from tanneries, textiles and dyeing industries 

[Patolla et al., 2005]. Chromium exists in nature as stable hexavalent and trivalent forms. The hexavalent 

chromium is more toxic than trivalent chromium. Cr(VI) compounds found to be mutagenic and carcinogenic in 

a variety of test systems [Vutukuru S 2005].  Aluminium is the most abundant metal and the third most abundant 

element, after oxygen and silicon in the earth's crust [ATSDR 2006].  Aluminium is released to the environment 

by both natural processes and anthropogenic sources. Aluminium may enter natural waters via coal strip, mining 

activities, water treatment facilities using aluminium sulphate (alum) as a coagulant for suspended solid 

particles, industrial wastes and acid rain fall [Neville 1985]. However, when aluminium becomes available to 

organisms through acidification of surface waters, it is toxic to fish [Driscoll et al., 1980]. The main effects of 

aluminium exposure in fish are respiratory and ion regulatory disturbances [Genesmer 1999]. In toxicological 

studies of chronic and acute exposure, changes in concentrations and enzyme activities often directly reflect cell 

and organ damage in specific organs [Casillas et al., 1983].This is of serious environmental concern as Cr(VI) 

and Al(III) persists indefinitely in the environment complicating its removal. The persistent nature makes its 

accumulate in the food chain which with time reach harmful levels in living beings resulting in serious health 

hazards such as irritation in lungs and stomach, cancer in digestive tract (Cr), low growth rates in plants and 

death of animals. Therefore, removal of Cr(VI) and Al(III) from waste water prior to its discharge into natural 

water systems. 

The aim of this present study is to investigate the chronic effect of hexavalent chromium and 

aluminium in fish Ictalurus punctatus and the conventional physico-chemical techniques used for the removal of 

Cr(VI) and Al(III) by using fungal dead biomass Agaricus bisporus, Agaricus silvicola and Agaricus campestris. 

 

II. Materials And Methods 
Collection of water samples 

For the assessment of surface water quality, water samples were collected in polyethylene bottles from 

water bodies distributed in Ambur, Ranipet,Tuticorin and Thirumullaivoyal area labelled as test sample (T) and 

control sample (C) respectively and was assessed in Varshins en-test laboratory, Chennai. 

Analysis of water samples 

Both the samples were preserved and the physico-chemical characteristics of the water used for holding 

and experiments such as pH, temprature, BOD,COD, chlotide, sulphate, phosphate, iron, ,anganese, fluoride, 
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hexavalent chromium, total chromium and aluminium were analyzed by spectrophotometer, colorimeter and 

gravimetric methods [Thangarajan 1999]. 

 

Fish collection and maintance 

Ictalurus punctatus were used for the toxicity tests. The fish samples were collected from Ambur, 

Ranipet ,Tuticorin (test) and Thirumullaivoyal (control). They were collected in oxygenated polyethylene bags 

and transported to the laboratory and immediately transferred into glass aquria of 100L capacity containing 

well-aerated unchlorinated ground water. The fish were allowed to acclimate for 7 days  before the experiments. 

They were fed with rice bran during the acclimation period. The fish were subsequently transferred into 50L 

glass aquaria for easy handling during the experiments. Only fish which were healthy and showed active 

movements were used for the experiments [Yang et al., 2003]. No differentiation was made between the sexes. 

 

Blood sample collection 

Ten fishes from each group (test & control) were removed and blotted. The blood samples were taken 

from each fish by puncture of the caudal vessel. Blood samples were centrifuged for10 minutes at 3000rpm 

[Heath1987, Vosyliene 1997] to obtain serum for the analysis of biochemical parameters such as ALT, AST, 

ALP, CPK LDH and Amylase by chemo auto analyser [Canli 1996, Markovich 1999]. 

 

Biomass sample collection 

Agaricus bisporus (button mushroom), Agaricus sivicola (wood mushroom), Agaricus campestris (field 

mushroom) was collected from Ambur, Ranipet, Surapet., Also these mushrooms are easily available in local 

market.  

 

Preparation of the dead fungal biomass 

The non-living biomass of A.bisporus, A.silvicola, A.campestris was used as a biosorpent for the 

sorption of Cr(VI) and AL(III) ion from an aqueous solution. The mushroom spawn was available in Paddapai 

biotechnology lab as well as these mushrooms were easily available in local market and also cultivate from 

contaminated sites (Ambur, Ranipet,Tuticorin). The mushrooms were washed with tap water and deionized 

water to remove dust and other impurities. The mushrooms are sundried and then dried in an oven at 80°C for 

12hours. After that the biomass was crushed and sieved to used as a biosorbent. The dried biomass was stored in 

a desiccator and used for the following experiments. 

 

Experimental work 

  The Cr(VI) and Al(III) stock solutions were prepared by dissolving their corresponding analytical grade 

salts of K2Cr2O7, Al(NO3)3 in deionised water. The ion concentrations in stock solutions were about 100mg/l. 

For obtaining of adsorption isotherms, a series of flasks (250ml., as batch experiments) . In experiments to 

screen efficient biomass, 2g/l dead fungal biomass of three species were contacted with 10mg/l at 28°C of 

chromium concentration in solution and 10mg/l of aluminium concentration in solution. In experiments, to find 

the effects of the pH, a pH of 2, 4, 4.5, 4.8, 5.2, 5.5 were used. In experiments to find the effect of biomass 

concentration on the chromium and aluminium removal, biomass concentrations of 10, 30, and 50mg/l were 

employed. The flasks were agitated on a shaker at 200rpm at room temperature. Expect for a pH, shift 

experiment the solution pH was maintained at the desired value using the addition of 0.5M H2SO4 or 1M 

NaOH. The change in the working volume due to the addition of NaOH or 0.5M H2SO4 was negligible. The 

experiments were performed at room temperature. In the temperature range of 10-50°C there are no, or very 

minor changes to the surface and chemistry of the groups involved in sequestering the metal ions from solution 

[Sanyahumbi et al., 1998]. The solution was intermittently sampled and centrifuged at 3000rpm for 5minutes, 

then the chromium and aluminium concentration of the supernatant were analyzed. The concentration of 

unabsorbed hexavalent chromium and aluminium in the biosorption media was determined at Cr(VI) 540nm in a 

spectrophotometer using 1,5-di phenyl carbazide reagent. In aluminium 535nm in a spectrophotometer using 

erichrome cyanine reagent. 

 

Statistical analysis 

All the serum biochemical parameters given as mean and standard error. 

 

III. Results And Discussion 
Serum enzymes 

“Figure 1” - Comparison of ALP,AST and ALT in control and test sample. 

 Aspartate transaminase and alanine transaminase activity increase in Cr and Al-exposed fish. The control values 

of ALT and AST activities in serum were measured as 17.25±5.21 and 149.82±32.04 U/L, respectively. 
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Transaminases like ALT and AST play a significant role in protein and amino acid metabolism and they may 

release into the plasma following tissue damage and dysfunction. Zikic et al 2001, showed that plasma AST and 

ALT activities increased in Cd – exposed fish Carassius auratus gibelio, the authors indicated that liberation of 

these transaminases into the circulation might occur due to damage of the liver, kidney, heart and other tissues in 

the state of stress influenced by metals. It was suggested that serum enzymes ALP,AST and ALT could be used 

as sensitive biomarkers in ecotoxicology due to provide an early warning of potentially hazardous alterations in 

contaminated aquatic oraganisms [Levesque et al.,2002, Vaglio et al., 1999, De La Torre FR et al., 2000].  

“Figure 1” - Comparison of ALP,AST and ALT in control and test sample. 

 

 
 

Alkaline phosphatase activity was changed significantly by Cr (76.22±11.75) and Al(90.07±18.42) 

exposed fish compared to control fish(49.04±9.01) from figure1. Alkaline phosphatase is a polyfunctional 

enzyme acts as a transphosphorylase at alkaline pH and plays an important role in mineralisation of the skeleton 

of aquatic animals and in membrane transport activities [ Bernt et al., 2001]. ALP enzyme is a sensitive 

biomarker to metals since it is a membrane bound enzyme related to the transport of various metabolites 

[Lakshmi et al., 1991]. Ochmanski and Barabasz 2000, reported that the increase in the activity of ALP in blood 

might be due to the necrosis of liver, kidney and lung. 

 

“Figure-2” - comparison of LDH, Amylase and CPK in control and exposed fish 

 

Figure 2 shows that increased activity in amylase, CPK, LDH compared to (Cr and Al ) control fish. 

The increased amylase activity shows that damage of the amylase secretary cells (Pancreatitis). The elevated 

LDH levels shows that impairment of oxidative phosphorylation in mitochondria and development of cellular 

hypoxia, providing energy in the absence of oxygen and re-oxidation of NADPH by lactate dehydrogenase [ 

Murray et al., 2003]. The result reveals increased LDH activity in test sample which is comparable to the study 

done by shiffman et al 1959, where the elevation of LDH in muscle and liver of fresh water fish after the 

exposure of hexavalent chromium in Salano gairdneri [Shiffmann et al]. LDH is an anaerobic enzyme involved 

in the conversion of pyruvate to lactate in Embden Meyehoff pathway. The increased level may be due to an 

alternative pathway in conversion of lactate to pyruvate for the production of glucose, which is a major source 

of energy during stress induced by heavy metals [Vagilo and Vandriscina 1999]. 

 

 
 

A significant increased CPK activity in Cr and Al exposed fish compare to control fish; it shows that 

the cell response to the increasing energy needs to cope with Cr and Al toxicity. The transfer of phosphate group 



Effect Of Hexavalent Chromium And Aluminium In Fresh Water Fish Ictalurus Punctatus And...  

DOI: 10.9790/3008-1102022127                                www.iosrjournals.org                                              24 | Page 

from creatine phosphate to Atp in order to regenerate ATP is done by CPK [Murray et al 2003]. CPK is found in 

high concentration in skeletol muscle, myocardium and brain which appears to be sensitive measure of 

myocardial infraction and muscle diseases, but remains normal in liver disease [De La Torre et al 2000] 

 

IV. Bio sorption Studies 
Screening for efficient fungal dead biomass in removal of chromium and aluminium 

To screen the efficient amount of dead fungal biomass for Cr(VI) removal and Al(III) removal, the time 

dependant concentration of chromium and aluminium was measured in batch system containing three species of 

mushrooms (A.bisporus, A.silvicola,A.campestris). Figure 1, shows that initial removal of chromium and 

aluminum dependant species are A.bisporus effectively removed chromium with in 62minutes and A.campestris 

complely removed aluminium with in 60minutes. A.silvicola 70minutes in chromium and 67minutes in 

aluminium. A.campestris effectively removed chromium with in 75minutes and agaricus bisporus completely 

removed aluminium in 70minutes. The above experiments are carried out by aqueous solution. Volesky et al 

2003 showed that wild mushroom and meadow mushroom removed Cr(VI) and Al(III)from aqueous solution 

98.9% & 98.2% respectively. Tomko et al showed that Amentia muscaria effectively removed aluminium from 

aqueous solution(96.5%). In this presnt study, Agaricus bisporus effectively removed from chromium in 

aqueous solution in 62minutes and Agaricus campestris completely removed from aluminium in aqueous 

solution in 60minutes. 

  

FIGURE 1, 

 
 

Effect of pH 

Biomass of Agaricus bisporus exposed to heavy metal ions, exhibited maximum sorption for Cr(VI) in 

the pH range of 4.0 – 5.5. The effect of pH on the adsorption of aluminium with dead fungal biomass of agaricus 

campestris was identified, when the pH value raised from 2 – 5.5. Figure2 shows that, removal of chromium 

from the aqueous solution at pH5.2, removal of aluminium from aqueous solution at pH 5.5. Beveridge 1986, 

showed that, the reduction in metal ions displayed by fungus at pH5.8 can be explained on  the basis that at 

higher pH values the metal ions may accumulate inside the cells, and or the intra fibular capillarity's of the cell 

walls by a sorption or micro precipitation mechanism in the study of chromium adsorption using living biomass. 

The rate of aluminium sorption onto the fungi biomass sorbent will be varied with available pH values of 

solution when ion exchange development and application is one of the sorption processes [Gadd 1987 & Park D 

2005].  

 

FIGURE 2 

 



Effect Of Hexavalent Chromium And Aluminium In Fresh Water Fish Ictalurus Punctatus And...  

DOI: 10.9790/3008-1102022127                                www.iosrjournals.org                                              25 | Page 

Effect of concentrations 

In order to examine the effect of concentration of chromium and aluminium10, 30, 50mg/l at pH 5.2 

and 5.5 at 2g/l of dead fungal biomass A.bisporus. Figure 3 shows that, the Cr(VI) concentration decreased 

sharply and finally the chromium disappeared in the solution. During the removal of Cr(VI), the solution 

optimum pH 5.2. Park 2005 reported that the amount of protons disappearing in the solution was in proportion 

to the amount of removal chromium. In this present study, the initial concentration of 10mg/l was completely 

removed in (Cr) 33minutes and (Al) 38minutes, while the complete removal of 30mg/l concentration of 

chromium and aluminium in 192and 215minutes respectively. 50mg/l concentration of chromium 308 and 

328minutes in contact time.  Saglam 2001 showed that four metal ions (Ni, Cu, Cr,Zn) was removed at various 

time intervals at pH nad temperature 25ºC for 6hours. In this present investigation, (A.bisporus and 

A.Campestris) the adsorption of chromium and aluminium ions showed that the saving power and consumption 

times. 

 

FIGURE 3, 

 
 

V. Conclusion 
As a result, serum biochemistry could be used as a sensitive tool to assess the aquatic impact in 

contaminated ecosystems and also would be beneficial in determining the baseline health of and physiology of 

aquatic organisms. For this purpose, our results may provide useful data for further investigations, nevertheless 

it should be noted that, during advanced researches, appropriate biomarkers must be selected due to the variable 

responses to pollutants. In conclusion, the use of dead fungal biomass in the removal of heavymetals like 

chromium and aluminium from contaminated water works out to be cheaper, easy availability, easy biomass 

preparation. Because of these advantages the fungal biomass is found to be the most preferable biomass that can 

be used for removal of heavy metals present in the industrial effluents, and other contaminated water bodies. 

 

References 
[1]. G.Allen Burton, Jr.Robert Pitt (2001). A tool box for wasteshed managers, Newyork: CRCI Lewis Publishers. 

[2]. E.Alhan.N.I.Kalyonuc, C.Ercin and B.V.Kumari (2004). Effect of celecoxib on the acute necrolizing pancratitis in rate 
inflammation, 28: 303-309. 

[3]. C.J.Allin., & Wilson,R.W. (2000). Effects of pre-accumulation to aluminium on the physiology and swimming behavior of juvenile 

rainbow trour Oncorhynchus during a pulsed exposure, Aquatic toxicology, 51(2), 213-224. 
[4]. Ahalya.N., Ramachandra.T.V. and Kanmadi.R.D (2003). Biosorption of heavy metals Res.J.Chem.Environ.Review paper, 7 (4) 11. 

[5]. Ag, Y. and Aktay, Y., “ kinetics studies of Cr(IV) and Cu(II) ions by chitin and Rhizopus arrhizus,” Biochemical Engineering, Vol 

12pp. 143-153 (2002). 
[6]. D.Bernet,H.Schmidth, T.Wahli, P.Burkhardt-Holm (2001). Effluents from a sewage treatmentworks causes changes in serum 

treatment works causes changes in serum chemistry of brown trout. Ecotoxicol environment SAF 48: 140-147. 

[7]. P.Basa Shiraj (2003) Cd induced antioxidane depense in fresh water fish. Environment SAF 56(2): 218-221. 
[8]. Bishop.P.L. (2000). Pollution prevention . fundamentals and practice. McGraw Hill. 

[9]. .Baral,A. and Engelken, R.D., “ chromium based regulations and screening in metal finishing industries in the USA” Vol5.5., pp. 

121-133 (2002). 
[10]. Bustard M., McHale A.P. biosorption of heavymetals bny distillery – derived biomass. Bioprocess engineering. 19(1998) 351-353. 

[11]. M.Canli, Ay, O.Kalay (1998) Leavelsof heavy metals (Cd, Pb, Cu, Ni) in tissue of Carpio and Barbus from the seyhan river, 22 (3): 

149-157. 
[12]. Costa, M., “ potential hazardus of hexavalant chromium in our drinking water” Toxicology and Applied Pharmacology, Vol 188, 

pp, 1-5 (2003). 

[13]. Chihpin, H. and P.Huang, (1996). Application of Aspergillus oryzae and rhizopus oryzae for Cu(II) removal. (1990) 
[14]. S.K.Chandra, Removal of metal ions an industrialll biomass reference to environment control. Vol 53 pp. 107-120 (1998). 

[15]. F.De Lee Torre, A.Salibian, A.Ferrari (2000). Biomarkers assessment in juvenile Cyprinous Curpio exposed to water borne Cd. 

Environment pollution. 109: 277-282. 
[16]. Donaldson.EM. (1981). The pituitary intereenal axis as an indicator of sress in fish. Pp 11-47. 



Effect Of Hexavalent Chromium And Aluminium In Fresh Water Fish Ictalurus Punctatus And...  

DOI: 10.9790/3008-1102022127                                www.iosrjournals.org                                              26 | Page 

[17]. Doan.H.D, A.Lohi, V.B.H.Dang, removal of Zn (II) and Ni(II) by adsorption in a fixed bed of wheat straw process safety and 

Environment protection, Vol 86, pp. 259-267. (2008). 
[18]. A.K.Dee,  Environmental chemistry pp 240-247. 

[19]. Exley,C. (2000). Avoidance of aluminium by rainbow trout. Environment toxicology. Chem., 19, pp. 933-939. 

[20]. Esmacili, A., Ghasemi, S and Rustaitan, A., “Evaluation of the activated carbon prepared algae marine gracilaria for the biosorption 
of Cu(II) from aqueous solutions” African journal of biotechnology, Vol.7, No 12,pp. 2034-2037. (2008). 

[21]. S.Francis, G.S.Sodhi second edition (2005), Fundamentals of environmental chemistry , Narosa publishing house. Pp 317-355. 

[22]. Filipek, L.H., Nordern, D.K., & Ficklin,W.H (1987). Interaction of acid mine drainage with waters and sediments of west squaw 
creek in the west sasta mining district., California. Environ sci technology., 21, 388-396. 

[23]. Fourest E, RouxJ.C., (1992). Heavymetal biosorption by fungal mycelia by products mechanism and influence of  pH . Appl. 

Microbiol. Biotechnol 3,399-403. 
[24]. T.S.Gill and J.C.Panl (1983). Hematological and pathological effects of Cr toxicosis in fresh water Barbus Conchonious Ham. 

Water, ain, soil pollution 35: 241-250. 

[25]. Gadd G.M., Rehm, H.J (eds) .,(1998). Accumulation of metals by microorganisms and algae. In biotechnology, Vol6b. 
[26]. Goss, G.G andWood, C.M (1988). The effects of acid and acid-aluminium exposure on circulating plasma cortisol levels and other 

blood parameters in the rainbow trout Salmo gaivdneri. Journal of Fish Biology, 32:    63-76. 

[27]. Golder, A.K., Samanta,A., and Ray,S., “Anionic reactive dye removal from aqueous solution using a new adsorpent sludge 
generated in removal of heavy metal by electro coagulation,” Chemical engineering journal, Vol.122,pp:         107-115(2006). 

[28]. A.C.Heyvaert, J.E.Reuter, D.G.Sloton, “Paleoimnological reconstruction of historical atmospheric lead and Hg deposition” at lake 

Tahoe, Environmen sci. Tech (2000), 34: 3588-3597. 
[29]. Ho.Y.S. and McKay,G.,”Sorption of of Cr from aqueous solution Pseudo- order processes”. Vol.7034pp.451-465(1999) 

[30]. S.H.Hassan, P.Srivastava, D.Ranjan, M.Talat,”biosorption of chromium from aqueous solution using A.hyrophilia in up-flow 

column” Optimization of process vbariables” Applied Microbial Biotechnology, Vol 83.pp:567-577 (2009). 
[31]. W.Jiraungkoorshul;, E.S.Upathan, Kruatrachue (2003). Biochemical and histopathological effects of phosphate herbicide on 

Nilethilapai [Oreochromis Niloticus]. Environ Toxicol 18: 260-267. 

[32]. V.Karan, V.Poleksic (1998), Functional enzyme activity and gill histology of carp often copper sulphate exposure and recovery, 
Ecotoxical Environ ASF 40:49-55. 

[33]. R.Kumar, N.R.Bishonoi, “Biosorption of chromium from aqueous solution and electroplating wastewater process using fungal 

biomass” Chemical Engineering Journal, Vol.135, pp 202-208(2008). 
[34]. Karthikayen,S.,Balasubramanbian,R., and Lyer,C.S.P., “Evalution of the major algae ulva faciata and Sargassum sp. For the 

biosorption of Cu(II) from aqueous solution “ Bioresource technology, Vol.98, pp: 452-455(2007). 

[35]. Keinanen, F.,&Finstad,B. (2003). Fertilization and embroyanic development of white fish in acidic low ionic strength water with 
aluminium Ecotoxicol. Environ,55(3), 314-329. 

[36]. Kaplan a.,Ozabo, L.L., & Ophem, K.E (1998). Clinicalk chemistry: Interpretation and techniques. 3rd edn. 

[37]. Levesque HM, Moon TW, Campbell PGC, Hontela A. Seasonal variation in carbohydrate and lipid metabolism of yellow perch ( 
Perca flavescens) chronically exposed to metals in the field. Aquat toxicol. 2002;60: 257-267. 

[38]. Lakshmi, R., Kundu, R., Thomas (1983). Electrolyte balance and energy mobilization of acid alkaline phosphatase activity in the 
kidney of Mudskipper; Hydrobiol., 3, 341-344. 

[39]. Langmuir,I.,”The constitution and fyndamentalm properties of solids and liquids”, Journal of the American Chemical society, 

vol.38,pp. 2221-2295(1916). 
[40]. H,M.Levesque, T.W.Moom, P.G.C.Campell, A.Hontela (2002) Seasonal variation in carbohydrate and lipid metabolism odf yellow 

pearch (Perca fleswescens) chronically exposed to metals in the field. Aquatic.Toxicology 60:257-267 

[41]. McGrath SO, Smith S. Chromium and nickel, In heavy metals in soils (Allloway BJ.,Ed), willy, New york. 1990; 125-150. 
[42]. M.C.Lee (2000) Serum aminotransferase concentration as evidence of hepatocellular damage.Lascet.355:591-592. 

[43]. Malkoc,E., “Ni(II) removal from aqueous solutions using cone biomass of Thuja orientals” Journal of Hazardous Materials, Vol. 

142, pp.219-223(2007). 
[44]. M.D.Mc.Donald, M.Grosell (2006). Maintainimg osmotic balance with an aglomerular kidney. Comp biochem physiological 

143:447-458. 

[45]. Methods for acyte toxicitry tests with fish, Macro invertibrates and amphibians USEPA.E.R.S EPA-660/3:75-009pp:61(1975). 
[46]. Mchta,S.K and Gaur, J.P., “Use of algae for removing heavy metal ions from waste water:prograss and prospects,” Critical review 

in Biotechnology, Vol. 25, pp.113-152(2005). 

[47]. M.D.O.Neil, H.M.Wesp, A.F.Mensinger (1998). Initial base line blood chemistry of the oyster to adfish,195:228-231. 
[48]. Oubagaranadin.J.U.K., Sathyamurthy,N.,” Evaluation of fullers of earth for the adsorption of mercury from aqueous solution s: A 

comparative study with activated carbon “ Joournal of hazardous materials, Vol2:pp 165-174(2007). 

[49]. Ochmanski, W.,& Barabasz, (2003). Aluminium occurance and toxicityufor organisms Preegl.Lek.,57, 665-668. 
[50]. Poleo, A.,& Hytterod, S(2000). The effect of atlantic salmon with special emphasis on alkaline water, Journal of Inorganic 

biochemistry, 97: 89-96. 

[51]. Pink,H.Daniel (2006) investing in tomorrow liquid gold, Yahoo. Padilla,A.P and Tavani, E.L., “ Treatment of industrial effluent by 
reverse osmosis” Vol.126pp:219-226(1999). 

[52]. Park.D, Yun.Y.S “ Reduction of hexavalent chromium with the brown seaweed Ecklonia biomass” Environmental science 

technology, Vol.122,pp:55-63(2006). 
[53]. Royset , O., Rosseland, B.O (2005) Diffuse gradients inn thin films sampler predicts stess in brown rout Salmo trutta L. exposed to 

aluminium in acid fresh waters , Envirin.Toxicology.,15(4), 1167-1174. 

[54]. S.G.Ruparella, Y.Verma (1990).” Effect of Cd on blood of tilapia Orecochromis Mossambics during prolonged exposure. 
Environ.Toxicol. 45:305-312. 

[55]. A.Ruiz Marniquez, biosorption of Cu by Thiobacillus ferro oxidants, Bioprocess eng. 18 (1997).113-118. 

[56]. N.Salgam, R.Ray “ Biosorption of inorganic mercury and alkyl mercury species on to Phenrocheate Chrysoporium mycelium” 

process biochemistry, Vol34, pp:725-730. 

[57]. J.J.Satrik, H.H.Longh (1975) Toxicity of chromiumin fish with special reference to organ weights , liver and plasma enzyme 

activities , blood parameters and histological alterations. 31-41. 
[58]. R.H.Shiffman, K.V.Sastry (1959). Chromium induced changes in the blood of rainbow trout. Sewage and industrial waters. 31: 205-

211. 

[59]. H.C.Thomas “ Heterogenous ion exchange in a flowing system” Journal of American Chemistry Society, Vol.66.pp:233-239 
(2004). 



Effect Of Hexavalent Chromium And Aluminium In Fresh Water Fish Ictalurus Punctatus And...  

DOI: 10.9790/3008-1102022127                                www.iosrjournals.org                                              27 | Page 

[60]. H.C.Teien., B.Salbu (20050. Fish mortality during sea salt episodes- catchement liming as a counter measure. J Environ Monit., 

7(10), 989-998. 
[61]. A.Vagilo (1999). Changes in liver enzyme activity in the teloest fish in response to Cd toxicity SAF 43: 111-116. 

[62]. S.S.Vutukuru, Acute effects of hexavalent chromium on survival , oxygen consumption hematological parameters and some 

biochemical profiles in Indian major carb Labeo Rohita. Journal of Heakth Publicati, (2005). 2(3):456-462. 
[63]. M.Z.Vosyliene (1999). The effect of heavy metal on hematological parameters of rainbow trout. An integrated approach Ed: 295-

298. 

[64]. B.Volesky (1986). Biosorbent Materials,16: 121-126. 
[65]. Wartelle, L.H and Marshal, “ chromate ion adsorption by agricultural by products modified with dimethyldihydroxyethylene urea  

and choline chloride,” Water research Vol.39.pp: 2869-2876 (2005). 

[66]. Waqar,A., (2006). Levels of selected heavymetals Iin Tuna fish, Arab, J, Sci. Eng., 31 (1A), 89-92. 
[67]. Womdraschek I, and U.Roder. Monitoring of heavy metals by higher fungi. Plants as biomonitors. Indicators for heavy metals in 

the terrestrial environment. VCH, (19930, pp.345-363. 

[68]. Yousuf, M.H, A.:El-Shahawi., (19990. Trace metals in Lethrinus lenjan fish from Arabian gulf. Metal accumulation in kidney and 
heart tissues. Environ. Toxicol., 62 (3), 293-300. 

[69]. Zrodloswski Z.: The influence of washing and peeling Agaricus bisporus on the level of heavy metal contamination. Pol. J. Food 

Nutri. Sci., 45: 26-33 (1995). 
[70]. Zikic RV, Stajn S, Pavlovic Z, Ognjanovic BI, Saicic ZS. Activities of superoxide dismutase and catalase in erytrocyte and plasma 

transaminases of gold fish exposed to cadmium. Physiol res 2001;50: 105-111. 

 

 

 

 

 


