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Abstract 

Anthropogenic activities like industrialization, unplanned urbanization, deforestation and profit oriented 

capitalism have resulted introduction of many undesirable substances into our immediate environment 

creating environmental degradation to a great extent. Normally, nature takes the responsibility of reducing 

the adverse effect of these substances through the operation of many physical, chemical and biological 

processes such that these substances can be partitioned in various biotic and a-biotic components of an 

environmental ecosystem. Present study is an attempt to highlight the extent of partitioning of some heavy 

metals in the compartments of water, sediments, macrophyte and fishes of a sewage-fed fishery pond in East 

Kolkata Wetland (EKW). Study distinctly revealed that all heavy metals show a common preference to be 

deposited on the sediments with higher values (28.5 to 56.5%) followed by macrophytes (20.3 to 35.4%), 

fishes (15.7 to 43.2%) and water (less than 1.0%). Similar types of partitioning might be observed in each 

higher plants and animals. As an example, in fishes, higher accumulation of heavy metals were in viscera 

(27.5 to 69.2%) followed by bone (4.6 to 47.7%), gill (8.1 to 30.6%) and least in flesh (< 1.0 to 19.0%). 

Again, in cases of toxic metals, it has been observed that flesh contains less than 1% and while the essential 

group of metals (Zn and Cr) showed comparatively higher degree of accumulation (11.3 to 19.5 %). Thus, 

the study evidently forecasted that  re-distribution of heavy metals in large number of inter and intra 

compartments of natural biotic and abiotic agents, could be considered as the most effective  mechanism for 

reducing the undesirable consequences of heavy metals  or any toxic waste along with passage of time. 

Keywords: Biotic and abiotic components; Heavy metal partitioning; Fishery pond; East 

Kolkata Wetlands; Natural rectification. 

 

Introduction 

The East Kolkata Wetlands (EKW), situated at the eastern fringe of Kolkata city is a good 

example of an area where anthropogenic pressure and natural rectification processes 

compete with each other
1-4

. The entire city waste water amounting to about 50,000 m
3
 day

-

1 
 including domesticorigin and effluents of large number of industries like tannery, rubber, 

electroplating, pigments, potteries and batteries flows down in some canals through the 

EKW in a zigzag way towards Kultigang, about 40 km away from Kolkata
5,6

. Along with 

this, about 3,500 metric tons of solidsaved the city from constructing waste treatment 

plant; provide employment for large number of local residents and serve the society by 

producing huge amount of edible components like fishes,mussels, vegetables and paddy 

cultivation as resources for the humans
7,8

. For these, the EKW has been listed as a Ramsar 

site, wetlands of international importance. About 364 number of fishery ponds are 

distributed on both sides of sewage flowing canals. Previous studies have revealed the 

presence of normal level of heavy metals in sewage
8,15

 but comparatively higher level in 

pond sediments , specially, the ponds near to the canals 
5
. Besides, some aquatic 

macrophytes showed higher degree of accumulation acting as an efficient process of 

rectification of heavy metals from the aquatic system 
9, 10

. 
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Heavy metals are termed as metals having density of about 5 g/cc or more such as Zn, Cr, 

Cd, Pb and others. The metals like Pb, Cd etc are toxic having no biochemical role in biotic 

life
11

 while Zn, Cr etc act as micro nutrients but show toxic at higher concentration than 

the amount for normal growth
12

. These are not, in general easily available for biotic life in 

nature, but are injected into the ambient environment through various anthropogenic 

activities and ultimately become a source of pollution with an adverse consequences in 

natural system, to human or to the living organisms by way of accumulation in 

soil/sediments,water and biota
13

. The food containing enriched amount of heavy metals 

might cause serious harmful effect on human health through the way of bio-magnification
8
. 

But in a true sense, the distribution of heavy metals in different segments like, 

hydrosphere, lithosphere, biosphere and atmosphere should be considered as the natural 

phenomenon, the main objective of which is to decrease the level of accumulation of 

metallic load such that no untoward effect on biotic life could be observed in any 

segments. Large numbers of this time dependent physical, chemical and biological 

processes are involved which if and when allowed, insignificant adverse effect could be 

witnessed. This is an efficient method and may be called as natural rectification process or 

self-organization of an ecosystem. 

In the light of the above facts, present study is an attempt to represent the degree of 

partitioning of some heavy metals like Zn, Cr, Cd and Pb in various biotic and abiotic 

components in a metal contaminated sewage-fed fishery pond of the EKW. 

Materials and Methods: 

Water samples were collected from different sites of a fishery pond of the EKW by water 

sampler from 0.5m depth (Fig. 1) and these were mixed together for making composite 

sample. Similarly, surface sediments were also collected
21, 22

 from a number of sites by 

grabs throughout the pond randomly. Any lithogenic and foreign materials present in 

sediments were removed by hand picking and composite sample is done by mixing by 

homogenizer. Most abundant floating macrophyte (Water hyacinth) was also collected as 

described earlier
9, 10

 from sides of the pond by hand net and washed with distilled water for 

several times. Along with this, full grown fishes (Oreochromisniloticus) of almost equal 

sizes were purchased from fishermen during fishing of this pond
13

. All these collected 

samples were kept in ice-box and transported to the laboratory in cold condition. In all 

cases, attempts were usually taken to follow the standard collection procedure as described. 

Water samples were filtered through GF/C (0.45 micron) filter paper, the filtrate was 

evaporated to dryness and digested with the mixture of HNO3 and HClO4. The volume of 

solution was made up to the mark and kept for metal analysis. Fish was dissected into 

bone, gill, viscera and flesh by using proper methods and different organs of fishes were 

kept in pre-cleaned plastic jar separately. All these processed samples were dried in air 

oven at 105
0
C, ground to fineness, sieved with a 2mm grade sieve and were digested 

according to the USEPA method 
14

.  
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Figure1: Location Map of the sewage-fed fishery pond at the EKW 

Water samples were filtered through GF/C (0.45 micron) filter paper, the filtrate was 

evaporated to dryness and digested with the mixture of HNO3 and HClO4. The volume of 

solution was made up to the mark and kept for metal analysis. Fish was dissected into 

bone, gill, viscera and flesh by using proper methods and different organs of fishes were 

kept in pre-cleaned plastic jar separately. All these processed samples were dried in air 

oven at 105
0
C, ground to fineness, sieved with a 2mm grade sieve and were digested 

according to the USEPA method 
14

.  

The metal analysis was carried out by using AAS (Model: Varian spectra AA55) with 

graphite furnace atomizer. Sample blank was also prepared in all cases following the same 

sequence of treatment of sample and metals are analyzed against the blank. A standard 

curve was run with each analysis and the results were expressed as ppm or mg/kg of dry 

weight. Double distilled water was used throughout the analysis. All chemicals and 

standard solutions used in the study were obtained from Merck and were of analytic grade. 

Accuracy and precision of the results were carried out by analysis of standard samples. The 

recovery and mean relative standard deviations were within 97% and 10%, respectively. 

The detection limits of Pb, Cd, Cr and Zn are 0.05, 0.002, 0.02 and 0.005 mg/L. Heavy 

metals in all segments (water, sediments, macrophyte and fishes) are summed up and 

considered as 100% level. On this basis, other calculations are done. Similarly, total 

amount of metals in fish organs are also taken as 100% and the percentage level in other 

organs are calculated accordingly. 

Results and discussion 

The distribution of heavy metals in various environmental segments and in different parts 

of fish organs have been represented in Fig-2 and Fig-3 respectively. From the results, 

some important discussions have been presented as follows. 

Heavy metals in water 

Investigations of general characteristics of waste water flowing through the EKW were 

extensively done previously in details 
15-20

. In this study, it is evident that aquatic medium 
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in the pond contained lowest level (<1%) of heavy metals in comparison to other 

environmental compartments. Similar levels of dissolved metals in aquatic medium were 

observed during earlier studies in this ecosystem
15

which were however, higher in levels 

than the Hooghly river water
23

.The sources of Cr in EKW are mainly originated from large 

number of tannery units which use Cr salts for tanning the raw skins. The presence of Cd 

could be due to use in pesticides for garbage farming, pigment industries and road dust 

originated during abrasion of vehicular tyres. On the other hand, major sources of Pb and 

Zn may be due to mixing of waste water coming from pigments, potteries and 

electroplating industries situated besides the sewage flowing canals. The water shows pH 

value towards slightly alkaline range and this value almost remains constant due to 

buffering action of CO3-HCO3 system
24

 together with exchange of various ions through 

organic matter and minerals in sediments. At this, most of the dissolved metals remain in 

hydroxide form with low solubility product. As a result, the concentration of dissolved 

heavy metals in water might not increase to a large extent at normal condition excepting in 

acidic condition. All the same, water does play a great role in retaining huge amount of 

heavy metals due to its large abundance (75%) not only in earth, but also in any biological 

life. Besides, water has potential role in distribution of various chemicals in different 

environmental components through dissolution due to high solubilising ability, hydration 

and solvation energy. Thus, water can act as universal solvent and can accommodate large 

amount of dissolved metals without increasing the concentration level appreciably. In 

addition, the movement of water in streams and rivers also can increase the dilution of 

heavy metals to a large extent during distribution in different environmental segments in 

course of moving from one place to another.  

Heavy metals in soil/sediment 

Soil/sediments is a part of lithosphere, which has been originated in upper surface of earth 

crust by weathering processes of bed rocks. Sediments act as a store house of all solid 

heavy metals and have great affinity to deposit the moving metals into the sediment/soil by 

way of adsorption, coagulation, sedimentation and precipitation. These characteristics 

might be responsible for higher degree of metal accumulation in sediments/soil. Present 

study also corroborated this fact that showed the presence of large percentage of heavy 

metals ranging from 28.5 to 56.5% (Fig. 2) in sediments. Among the metals, Pb and Cr 

have higher affinity to be absorbed into sediments (50.0and 55.5% respectively) in 

compared to other metals like Cd and Zn (27.8 and 36.6% respectively) possibly due to 

higher mobility of these divalent ions towards reactivity. Surface sediments in the pond are 

of in general, contain finer particulate form having large surface area which has the 

capability to adsorb significant amount of metals in association with organic matter present 
5, 21, 22

. The level of occurrence of metals in the present study was also similar to previous 

study in this area and is true in sediments/soils of other areas also 
26, 27

. Besides, chemically 

Cd is very similar to Zn and makes a competition to replace Zn from some enzymes by 

altering stereo- structure and impairing the catalytic activity. These metals, in general 

remain in different forms, may be further available or may not be and may become a part 

of soil mineral inside the crystal lattice. The pathways of transport of metals in 

soil/sediments are aerial fallout, fluvial runoff and amendment (spreading, injection etc.). 

Hence, sediments/soil does play a vital role in dilution through considerable accumulation 

of heavy metals and largely may be with time sequestered
28

in the dip of the lithosphere or 

may again available to the biotaby the activities of microbes
29

and may enter into the food 

chain following  
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Figure 2.  Distribution of heavy metals in different environmental segments. (0% indicates the presence of 

metal below 1% level).the same cycle in nature repeatedly until and unless, the availability is exhausted or 

diminishedwith passage of time.  

Heavy metals in macrophyte 

Large numbers of studies
9,10,27,30-32

, in literature distinctly highlight the ability of aquatic 

macrophyte to accumulate heavy metals. Present study also recorded the high level of 

heavy metals with the range 21.35 to 34.9%, slightly less than sediments/soil (Fig. 2). The 

degree of accumulation of Pb, Cd, Cr, and Zn were 34.9, 31.82, 21.35 and 20.50 % 

respectively. Thus, the study clearly inferred that the metals, Pb and Cd could accumulate 

comparatively in higher level than Zn and Cr. The bio-concentration factor(BCF) which is 

the ratio of heavy metals in water hyacinth to the metal concentration in water have been 

found to vary from minimum value of 70 to the maximum of 170 indicating the extent of 

accumulation of metals by this particular macrophytes. However, comparatively higher 

values of this factor were recorded in earlier studies
9,10

 from the ponds located in isolated 

areas with managed wetlands and less anthropogenic stress. Again in cases of higher 

plants, accumulation of heavy metals could be found in different parts like root, stem and 

leaves. It had been recorded from previous studies
32 

in sewage irrigated agriculture farm 

producing vegetables that leaves showed large accumulation of heavy metals in 

comparison to other parts, especially, those metals which have similar ionic size and 

valency. But toxic group of metals find difficulty to accommodate in flower and fruitin 

higher extentdue to intensive cell filtration which protect the future generation from the 

effect of heavy metal contamination. So, plant communities also have some important role 

for accommodating significant amount of toxic heavy metals, thereby, acting as an 

efficient agent of making dilution in the metal level. 
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Figure 3.  Distribution of heavy metals in different organs of fish (nylotica). (0% indicates the presence of 

metal below 1% levelHeavy metals in fish 

Similar to aquatic plants and sediments, the next agent is the group of animals present in 

the aquatic system. As for example, fish also accumulate heavy metals in the range of 

14.73 to 39.85% (Fig. 2). The order of accumulation levels were Zn > Cd > Cr > Pb. The 

metal Pb is poisonous and has no well known biochemical role and hence unlike Cd it is 

not taken up actively by any biotic life. The accumulation of lowest level of Pb in the 

present study also substantiates this fact
11

. On the contrary, the metal Zn being an essential 

metal present in various enzymes is urgently needed by the biotic community resulting in 

relatively higher level as observed. Thus fish can be recognized as the important biotic 

agent of nature for sharing the load of heavy metals from the environment. Higher group of 

plants
32

 and animals again can re-distribute the toxic metal burden through spreading in 

different organs. In the present study, the pattern of re-distribution of heavy metal in fish 

have been presented in Fig. 3. It has again been observed that among the organs; flesh, gill, 

bone and viscera, toxic metals of Pb and Cd, higher in bone(40.0 to 47.3%), followed by 

gill (25.3 to 30.6%), viscera (27.08 to 29.85) and least (<1%) was in the flesh. But essential 

heavy metal distribution was recorded higher in viscera (55.9 to 76.9%), followed by flesh 

(11.1 to 19.2%), gill (8.8 to 26.8%) and bone (4.62 to 5.59%). The similar chemical 

properties Pb and Cd might be responsible for the higher accumulation of metals in bone 

and gill. Hence these are rejected for their entrance by in-numerable cell membrane 

filtration which may ultimately result in lower content of toxic heavy metals (Pb and Cd) 

in flesh organs of the fish and make it safe to human consumption, however, the 

continuous exposure of these chemicals may cause higher degree of accumulation and 

becomes a potential source of human risk on consumption as observed in a recent study
33

. 

Conclusions 

Dumping of toxic substances into any compartments of the environment is a burning 

consequence for environmental degradation. But nature by its own way, implement the 

most effective mechanism to combat the extent of harmful effect through the distribution 
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of these undesirable substances in various biotic and abiotic components by way of 

transfer, transport, transformation, entrance, accumulation and excretion. Present study is 

an example of the extent of distribution of some heavy metals in a sewage- fed fishery 

pond ecosystem of the EKW, ‘a Ramsar site’ in India. Study forecasted that the 

sediment/soil can serve as a most effective depository system followed by accumulation in 

plants and animals. Again in biological system re-location of heavy metals was found in 

various organs taking an example of fish. These distribution patterns are seemed to be the 

inherent natural characteristics of the environment that could be designated as the self-

rectification or self-organization capacity of the environment. In the present case, however 

not all compartments in the environment as well as various operating processes could be 

taken into account. If all processes would have been considered then not only the degree of 

dilution of heavy metals would have been more but also the untoward effect would have 

been diminished towards a safe and tolerable limit. Still, the present study is an endeavor 

to highlight the concept of degree of partitioning of some heavy metals in some 

components within an ecosystem. The study also establish the fact that all the constituents 

in an ecosystem are intimately interrelated to each other with some unseen forces and 

sharing in between and among them is a most effective method to mitigate environmental 

problems. 

Acknowledgements 

The authors are thankful to the Department of Environmental Science, the University of 

Burdwan for giving all sorts of laboratory facilities to conduct this research. The authors 

greatly acknowledge the support from SERB, DST, Govt. of India, New Delhi (Project No. 

EMR/2016/002618) to carry out the research work. 

References 

[1] Sarkar, S, Ghosh, P. B., Mukherjee. K,  Sil, A, and Saha, T. 2009. Sewage Treatment in a Single 

pond System at East Kolkata Wetland, India. Water science and Technology,   60, 2309-2317. 

[2] Raychaudhuri S, Salodkar S, Sudarshan M, Thakur A R .2007. Integrated resource recovery at 

East Calcutta Wetland: how safe is this? Am. J .Agric .Biol. Sci, 2:75-80. 

[3] Dasgupta, A, Sarkar, S , Ghosh, P. B,   Saha, T and. Sil, A. K 2016.  Phosphorous Dynamics of 

Aquatic System constitute an important axis for Waste water purification in natural treatment 

ponds in East Kolkata Wetlands. Ecological Engineering, 90, 63-67. 

[4] Mukherjee N (1996) Pisciculture and the environment: an economic evaluation of sewage-fed 

fisheries in east Calcutta. Sci. Tech. Dev, 14(2): 73-99. 

[5] Sarkar, S , Ghosh, P. B,  Sil, A. K. and Saha, T. 2010. Heavy metal pollution assessment through 

comparison of different indices in Sewage-fed Fishery pond sediments at East Kolkata Wetlnd, 

India. Environ. Earth. Sci.63(5) : 915-924. 

[6] Saha, T. and Ghosh, P. B. 2003, Wise use of wetland in water conservation and advance irrigation 

methods- A case study. Proc. 17
th

 Conv. Agri. Eng., Technical volume, the Institute of Engineers 

(I), West Bengal center, pp- 74-78. 

[7] Ghosh D. 1984. Significance of wetlands in environmental rescue: Lessons from Calcutta’s waste 

recycling backyards. East Calcutta Wetland Project Report. Department of Fisheries, Government 

of West Bengal. 

[8] Chakraborty,  D, Ghosh,  D, Neogi,  S. 1987. Calcutta pollutants. Part 1. Appraisal of some heavy 

metals in Calcutta city sewage and sludge in use for fisheries and agriculture. Int. J. Anal. Chem 

30:243-253. 

[9] Sanyal, P, Chakraborty, S.K and Ghosh, P.B. 2015. Phytoremedation of sewage-fed wetlands of 

east Kolkata, India—a case study. International Reaserch Journal of environmental Sciences,4 

(1):80-89. 

[10] P.Sanyal
1
, S. K. Chakraborty

1
, and P.B. Ghosh. 2014. Assessment of degree of rectification of 

sewage by ( pre-dominating) biotic community in wetland. International Research Journal of 

Environmental Sciences, doi: 10.6088/ijes, ISSN: 2319- 1414. 

[11] Nies D.H .1999. Microbial heavy metal resistance. Appl. Microbiol.Biotechnol. 51: 730-750. 

[12] Wood J.M .1974. Biological cycle for toxic elements in the environment. Science 183: 1049-1052. 



IJCAES Vol 1, Issue 1, 2019                                                                                                          Mandal et.al 

 14  
 

[13] De, T.K., De, M. Das, S, Roy, R. and Ghosh P. B. 2010. Level of heavy metal in some edible 

marine fishes of Mangrove dominated tropical estuarine areas of Hooghly river, North-east coast 

of Bay of Bengal, India. 2010. Bull. Environ. Conta.Toxicol.  85(4) :385-390.  

[14] USEPA .1996. Acid digestion of sediments, sludge and soils. US Environment Protection Agency, 

USA. 

[15] Ghosh, P. B., Saha, T. and T.S. Bandyopadhyay, 2000. Distribution of Lead,   Cadmium and 

chromium in the waste water of Calcutta canals. Research Journal. Chemistry and Environment, 

4(3) : 33-36. 

[16] Saha,T., Ghosh, P.B., and T.S. Bandyopadhyay 2000. Waste water characteristics of some canals 

of Calcutta.Journal of  Environpmental . Research. 10(2) : 97-101. 

[17] Saha,T., Ghosh, P.B., C.C. Mondal and T.S. Bandyopadhyay 2001. Water quality monitoring of 

Beliaghata-Kestopur Canal of Calcutta. Journal of Institution of Public Health Engineers, India, 

2000 (4): 53-58. 

[18] Saha,T., Ghosh, P.B., C.C. Mondal and T.S. Bandyopadhyay 2001. Quality Assessment of Bagjola 

Canal Waste Water, Calcutta. J. Inland. Fish. Soc. India. 32 (2) :76-80. 

[19] Saha, T. and Ghosh, P. B., C. C. Mondal and T. S. Bandyopadhyay 2003. Wastewater Quality 

Status of the Tally Nullah in Calcutta. Indian J. Environ. Hlth, 45: 221-226. 

[20] Wanganeo, A, Shankar, A Saha, T, and Ghosh, P.B.2009. Physico-chemical characteristics of 

storm water flow canal under the influence of tides. Nature, Environment and Pollution 

Technology,8 (1) : 1-12. 

[21] Sarkar, S , Ghosh, P. B,  Sil, A. K. and Saha, T. 2014. Suspended Particulate Dynamics acts as a 

driving force for single pond sewage stabilization system. Ecological Engineering,69:206-212. 

[22] Sengupta, S., Chatterjee, T., Ghosh, P . B and Saha, T. 2010. Heavy metal accumulation in 

agricultural soils around a coal fired Thermal Power Plant (Farraka) in India. J. Environ. Science 

&Engg. : 54(4), 299-306. 

[23] Maity, P. B., Saha, T. and Ghosh, P. B. 2003.  Level of occurrence of some metals in water of the 

river Hooghly within Kolkata Metropolitan Areas. Research. Journal. of Chemistry and 

Environment. 7(4):17-19. 

[24] Mukherjee, S, Das, P and Ghosh, P.B. 2012. Understanding some physico-chemical components 

for estimation of eutrophicationof an aquatic ecosystem.  International Journal of Management & 

Technology, 2(1) : 64-66. 

[25] Mukherjee, D.P. 2011.Stress of urban pollution on largest natural wetland ecosystem in East 

Kolkata-causes, consequences and improvement. Archives of Applied Science Research, 3(6), 

443-461.  

[26] Ghosh, P. B.  and A. Choudhary, 1989. Copper, Zinc and Lead in the sediments of     Hooghly 

estuary, Environ. Ecol. 7: 427-430. 

[27] Chakraborti, C, Kundu, S. K, Ghosh, P. B and Choudhury, A.1993. A preliminary study on certain 

trace metals in some plants and animal organisms from mangrove of sundarban, India.Mahasagar, 

26 (1) : 17-20. 

[28] Mukherjee, S. and Ghosh, P.B. 2012. Implications of Anaerobic conditions on Carbon 

Sequestration in Wetland sediments. Proceedings of the regional conference of The International 

Network of Women Engineers and Scientists (IN WES), N Delhi, India, on 123-13 October2012, 

in association with International Network of Women Engineers and Scientists ( IN WES). 

[29] Sarkar, S , Ghosh, P. B,  Sil, A. K. and Saha, T. 2016. Sequential changes of microbial community 

composition during biological waste water treatment in single unit waste stabilization system.  

Waste Biomass Valor,    DOI-10.1007/S 12649-015-9471-3. 

[30] Chatterjee. T, Sengupta. S, Saha. T, and Ghosh. P. B. 2009.  Assesment of some Physiological 

Parameters and Heavy metals contents in the leaves of Mango and Litchi in a fly ash affected area. 

Indian Agriculture, 53: (1&2): 33-38. 

[31] Sengupta, S., Chatterjee, T., Ghosh, P. B,Sarkar, S and Saha, T. 2011. Heavy metal contamination 

in leaves of Mangiferaindicaaround a coal fired thermal power plant in India. Journal of ecology 

and the Natural Environment,3 (14) :  446-454. 

[32] Dutta J, Bandyopadhyay T.S, Saha T, Maity P.B (2005) Distribution of Pb, Cr, Cd and Hg in the 

soil, irrigation water and vegetable products of Dhapa, the Kolkata city garbage based and 

wastewater irrigated vegetable fields. Sci.Cult. 71:91-93. 

[33] Ghosh S, Mondal A, Gangopadhyay S, Mandal S. (2018) Cadmium bioaccumulation in 

Lamellidensmarginalis and human health risk assessment: A case study in India. Human Ecol. 

Risk Assess. DOI: 10.1080/10807039.2018.1530588.  


