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ABSTRACT

The paper deals the assessment of bioaccumulation of four heavy metals (Cu, Cr, Pb and Zn) in Cyprinus carpio
fish species and water from the Gonti river at Lucknow, India during 2011-2012. The heavy metals (Cu, Cr, Pb and
Zn) were assayed using Atomic Absorption Spectrophotometer and the results were given as ug/g dry weight. The
data obtain after water analysis reflected that the order of occurrence of heavy metalsto be Zn> Pb > Cr > Cu >
Cd. The analysis of heavy metals in muscle of C. carpio was measured in order of Zn> Cr > Pb> Cu, in case of gill
Pb >Cr> Zn > Cu and in case of liver Pb > Cr > Cu > Zn. The bioaccumulation factor of the heavy metals was
computed asin muscle Cu (24.5), Cr (35), Pb (22), Zn (20.66), in gill Cu (34), Cr (41.66), Pb (89.33) and Zn (9.25),
whereas in case of liver Cu (34.5), Cr (338.33), Pb (36.8), Zn (28.16). The presence of heavy metal in our
environment has been of great concern because of their toxicity when their concentrations are more than the
permissible level.

Keywords: BioaccumulationCyprinus carpio, Gomti river, Muscle, Gill and Liver.

INTRODUCTION

Fishes are major part of the human diet due to pichein content, low saturated fat and suffici®miega-3 fatty
acid which are known to support good heafth.Carpio is an exotic fish species for India. It is comnigiig
exploited with (14.20%) in the Ganga river (largéger in India) at Allahabad [1].

The pollution of the aquatic environment with heawgtal has become a worldwide problem, because dhey
indestructible and most of them have toxic effestorganism [2]. Fishes have been widely used @énliicator of
pollution by metals. Heavy metals from manmadeutiah sources are continually released into aquatstems,
and they are a serious threat because of theicitpxiong persistence, bioaccumulation and bionfagations in
the food chain [3]. The natural aquatic systemsehasen extensively be contaminated with heavy setased
from domestic, industrial and other manmade aatiwif4]. Among fishes are the inhabitants that carescape
from the detrimental effects of these pollutants [Ehere are two main routes of heavy metals expo$t] the
primary route of intake of these chemicals in figlecies is via gills or transport of dissolved aomhation water
across biological membranes and ionic exchang&gtbe secondary route is through ingestion ofifonsediment
particles with subsequent transport across theQ@patrointestinal route is the most important raftaptake [7].
Heavy metals are known to distort the structurabiotogical functions of biomolecules [8]. Since tale act as
endocrine disruptors, they can interfere with meliain, synthesis and transport of hormones or rtecef9, 10].
The bioaccumulation of trace elements in livingamgms and biomagnifications in them describesptiogesses
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and pathways of these (possible) pollutants from opic level to another, exhibiting the higheodgcumulation
ability in the organisms concerned. Increasing eotration through the food chain caused highentiete time of
toxic substances than that of the other normal fmmdponents. Therefore, various fish species aellidused as
bio-indicators of metal contamination [11]. The edijve of the present study was to determine theldeof certain
heavy metals in Gomti river water (at Lucknow) andscle, gill and liver o€yprinus carpio.

MATERIALS AND METHODS

Sampling procedures

Present study was conducted in the Gomti riverwetkhow, India. The Gomti river is a left bank triaty of the

Ganga river. A consecutive seasonal (summer, manaod winter) work was carried out for the collentdf water

and fish samples in the year 2011- 2012. Water kwpere collected from the Gomti river at Nayatghacknow

(Latitude 26 52’ 22.58” and Longitude 8054’ 58.40”) in 500 ml polyethylene bottles fitteslith polyethylene
caps. The collected samples were immediately aetifith 10 ml of 6N HNO3 on the sampling spot.Hsamples
were collected in the 11.00 to 12.00 am with thkp lef local fishermen. In case of fish samplesg sif fishes

varied from 10 to 30 cm. Fishes were transportetieédaboratory in the ice box on same day. Allsbenples were
brought to the laboratory and were stored at 4%Barrefrigerator for further analysis.

Preparation of samples for analysis of heavy metala water and fish

For estimation of heavy metals in water, 500 mivater sample (pre acidified) was filtered and sciigjé to nitric

acid digestion. For digestion, 5 ml of 6N Hhl®@as added to 100 ml of the sample followed byihgab slow boil

till the digestion was completed which was indidaby a light coloured clear solution. The digessachples were
used for metal estimation using Atomic Absorptigge&rophotometer (MODEL No. SL 173, ELICKO, Ind&g

per [12]. The heavy metals were estimated i.e. €ofpu), Chromium (Cr), Lead Pb) and Zinc (Zn).

The tissues were homogenized and approximately Idfgitme homogenate then digested as follows 1.®fjthe
powdered samples (muscle, liver and gill) were gdaim a 100 ml round bottom flask with ground glpsst and
mineralized under reflux using a mixture of 6 ml @)\ 2.0 ml HCIO and 4 ml pD, . The digestion is done with
help of water bath .The digestion procedure lakiedbout 6 h to obtain a clear solution. The dig@&gre prepared

in triplicate and carefully transferred with thegspective washing into a 25 ml volumetric flasid atiluted to
volume. The digests were then analyzed for Cu,R@r,and Zn, using an atomic absorption spectrophetiem
(MODEL No. SL 173, ELICKO, India) with aqueous d¢ahtion standards prepared from the stock standard
solutions of the respective elements as was repostg13].

Bioaccumulation Factor (BAF)

Bioaccumulation Factor is defined as the ratiohaf toncentration of a specific heavy metal in trganism to the
concentration of the metal in the water [14]. Theabcumulation of all four heavy metals in differesamples of
the Gomati river was calculated as follows:

RESULTS AND DISCUSSION

Evaluation of physico-chemical properties of watefrom the Gomti river

The maximum temperature was recorded in the sunamgminimum in winter season. pH, Cl, BOD, Cu, I,
and Pb were observed maximum in summer seasong Tab8Q", Nitrate, DO and COD were recorded maximum
in the monsoon season. DO, COD, ,S@nd NQ ~ values of selected site showed that water washhigh
contaminated with sewage and industrial effluerttgctv coming from the city/industry in to the riveirectly. The
recorded ph values were ranging from 7.9 to 8.4catdd that the present water samples were sligtikigline in
nature in summer season. Other parameters weredviom (2.5- 4.5 mg/l), (10-15 mg/l), (32-46 mgi$#8-91
mg/l), (1.4-1.8mg/l) and (8-26 mg/l) in case of DBIDD, COD, S6*, No® and Cl, respectively.

All observed values shown that concentration of/figaetal higher in summer season because low vohfmeter
in the river. Lower concentrations of heavy metarevrecorded in monsoon season due to higher votimater
in the river. In present study, heavy metals cotrediopn in water (river Gomti) varied from seasanseason.
Average concentrations were measured of Cu 0.08 @g0.03mg/l, Pb 0.03 mg/l and Zn 0.07 mg/l. Rechgf Cu
from (0 to 0.05 mg/I), Cr (0 to 0.06 mg/l), Cd Q@1 mg/l), Pb (0.02 to 0.07 mg/l) and Zn 0 to OmMid@! (Table 1)

Heavy metals concentration in different organs o€. carpio

Considerable variations in the heavy metals wesented in all the samples, with minimum accumuftatiarring
monsoon season and maximum in summer season fislkeBamples and organs (muscle, gill, liver). Dinder of
heavy metals accumulation were found to be in neugol> Cr > Pb > Cu, in gill Pb > Cr > Zn > Cu andiver Pb
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> Cr > Cu > Zn. In case of muscle, Cu, Cr, Pb andnére varied from (0.31 to 0.68 pg/g), (0.76 t681u9/g),
(0.52 to 0.85 pg/g) and (1.85 to 3.45 ug/g), retpely (Fig. 1). The average value of Zn was reegrchaximum in
muscle with 2.48 +0.85 pg/g. In case of gill, heawgtal accumulation were ranged from Cu (0.53-88), Cr
(0.82-1.92 ug/g), Pb (1.72-3.98 ug/g) and Zn (A.&8B ug/g) (Fig. 2). The average value of Pb waerded
highest in gill with 2.68 +1.16 pg/g. In case ofei Cu (5.21-8.25 ug/g), Cr (7.05-12.71 ug/g), BAF- 14.05
pna/g) and Zn (2.15- 4.95 ug/g,) were observed (BjgThe average value of Pb was observed maxinmuliver
with 11.07 £2.61 ug/g. The liver accumulates rekdti higher amount of metals. The higher accumaitatn liver
may alter the levels of various biochemical paramgein liver.

Table :1 Physico-chemical properties of water fronthe Gomti river

Pa Parameters Year 2011-2012
Summer| Monsoory Wintef Average + $d  Permissiblet MO 1993/2006 [39, 40
Temperature (§ 28 22 16 22.00+ 7.1 --
pH 8.4 7.9 8.1 8.13 + 0.25 6.5-8.5 WHO 1993
SO, mg/l) 55 91 48 63.00 + 24.26 500 WHO 1993
CI' (mg/l) 26 8 22 18.67 £9.45 250 WHO 1993
Nitrate (mg/l) 15 1.8 14 1.56 +0.20 50 H®?2006
DO (mg/l) 4.5 25 5 4+1.04 NA
BOD mg/l) 12 15 10 12.33+2.51 NA
COD/(mg/ 32 35 28 38.33+7.09 NA
Cu (mg/l) 0.05 0 0.02 0.02 +0.0] 2 WHD06
Cr (mg/l) 0.06 0 0.03 0.03 + 0.02 0.05 WHO®&00
Cd(mg/l) 0.02 BDL 0.01 0.01 +0.00 0.003  WH®80
Zn (mg/l) 0.18 0 0.10 0.09 +0.06 3 WE@n6
Pb (mg/l) 0.05 0.02 0.03 0.03 +0.01L 0.01  @/2D06
Fig. 1 Accumulation of heavy metals in muscle @@yprinus carpio
3.5 -
3 .
2.5 A
B summer
2 .
H monsoon
1.5 B winter
1 -
0.5 A
O 1 1 I 1
Cu Cr Pb Zn

Cu metal distribution pattern was different fromgsule, gill and liver. Cu concentration was repontegximum in
liver (8.25 pg/g) in summer season and minimummioascle (0.31 pg/g) in monsoon season. Average otratmn
of Cu was measured 0.49+0.18 pg/g in muscle, 0.88+®/g in gill and 6.90+1.56p9/g in liver. Cr centration
was observed highest 12.71 pg/g in liver in sumseason and minimum for muscle 0.76 pg/g in monseasson.
Average concentration of Cr was recorded (1.05tQug#) in muscle, (1.25+0.58 ug/g) in gill and @%2.86
pna/g) in liver. Bottom dwelling fiskC. carpio is found exhibit higher concentration.

The maximum accumulation of Pb was recorded 14.@pjmgliver in summer season and minimum 0.52 ig/g
muscle in monsoon season. Average concentrati® afas observed 0.66+0.37 pg/g in muscle, 2.68H1dl§ in
gill and 11.07£2.61 pg/g in liver. The statisti@alysis of Pb in gill and liver and water showedghkr mean
values above the detection limits. Pb maximum aedata in liver as compared to gill and muscles. faximum
accumulation of Zn was observed 4.95ug/g in livesimmer season and minimum for gill 0.81 pg/g onsoon
season. The result of present study was found dliatage concentration of Zn (2.48+0.85 pg/g) in aleys

(1.1140.41 pg/g) in gill, (3.38+1.34 pg/g) in livedtn accumulation was observed maximum in livecaspared to
muscle and gill.
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Fig. 2 Accumulation of heavy metals in gill ofCyprinus carpio
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Fig. 3 Accumulation of heavy metals in liver oCyprinus carpio
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The results of our present study show that thereithreat of any hazard at present except PbubBeda crosses
permissible limit of WHO. However, their increasiagcumulating tendency in water, muscles, gill bver of the
fish species indicates that a constant monitorihghis river is needed before the level cross fiteeshold and
become toxic to the aquatic animals and their gogdancluding humans.

Assessment of heavy metals through bioaccumulatidactor (BAF) in C. carpio

The bioaccumulation factor of the heavy metals e@sputed as in muscle Cu (24.5), Cr (35), Pb (282)(20.66),
in gills Cu (34), Cr (41.66), Pb (89.33) and Zri?&), whereas in liver Cu (34.5), Cr (338.33), P&.83, Zn (28.16).
The BAF of all metals were maximum reported in five

During rainy season rivers are heavily flooded #raldrainage system in drastically affected whasult in mixing

of polluted and unpolluted waters. This leads terdase in heavy metal concentration whereas inergashe

concentration of metals during summer season doelldue to drought and decrease in water level [16]. stated
that the changes in the physico-chemical paranwftevater such as temperature, Ph, BOD, COD, preseific
chelating materials, salinity, rainfall, climatibanges etc, all effect the presence of heavy metailke aquatic
environment. The heavy metals accumulated predartijnia gill, liver, intestine and kidney [17, 18].
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Target organs, such as liver and gill have tendém@ccumulate heavy metals in high values. [1pbred that the
Cu ranged in muscle (6-42 pg/g)@nCarpio from the tank at Tumar (India). [20] reported tBatin muscle (255 +
303 ug/g), in gill (159+ 44ug/g) and in liver (3AB:5ug/g) ofC. carpio. [21] reported Cu median 0.217, mean
0.237. [22] stated that the accumulation of biwacinetals as like Copper and Zinc were mainly culgd by the
fish through various metabolic processes and thesll®of accumulation usually independent of ambient
concentrations. [19] observed higher concentradioRb in muscle (0.8 pg/g) @&. carpio from the tank at Tumar
(India). [23] reported that Pb in muscle (1.93.19.’121?/9), in gill (2.89 £ 1.64 pg/g) and in livgr.91 + 3.08 pg/g)
in C carpio from the Gomti river at Jaunpur, Indi&" reported that Pb in muscle median 0.217 and me28v0
[24] reported that the bio-accumulation of Pb+2fish body and oxygen requirement of fish increaseth
concomitant increase in metal concentration. Febehbeen reported to be very much sensitive tat®luptake,
increases with increasing concentration in theremvnent [25].

In the present study muscle accumulated the leatlsburdens as compared to the other organsr¢p®lted that

Cr ranged in muscle (0.004 to 2 ugf@) Carpio from the tank at Tumar (India). [26] reported tlat average
concentration 1.02ug/kg in muscle, 4.56ug/kg ih @ild 2.45ug/kg in liver. The liver is an activéesof metal
metabolism and plays a protective role by acting atorage site [27]. Muscle is the major tissuentdrest under
routine monitoring of environmental contaminatioithmmetals. In the present study muscle accumulatsg
minute compared to other organs which is in acawdawith the findings of [28] and [29]. [30] repedtthat Zn in
muscle (30.31 + 4.16 mg/g) and in Gill (27.85 £3@g/k). Zn Accumulation in fish results in theirortality,
growth retardation and destroys gill epitheliumsiag hypopxiya ([31, 32]. High concentration of &d Cr in the
fish tissue such as liver, muscles and gills of cmm carp C. carpio) has been reported specially in area close to
industries ([33, 34].

Most laboratory research on the bioaccumulatiohezvy metals suggests that no single mechanisesf®nsible
for metal uptake in aquatic systems. The accunaratif a particular metal depends to a large degred¢he
presence of the metal in the water column. In tfesgnt study, however, it was interesting to nb&g although
average total concentration (mg /l) of Zn in thaavaample was highest, its BAF value in C. Carpicscle placed
it in the third position, first in gill and livernaong the heavy metals. Pb accumulated first positiowater and
muscle and fourth in gill and liver. This meansttiame heavy metal accumulation in fish could depest only on
the concentration of the metal in the water columh also on the abiotic features of the environnegt, pH,
Redox potential alkalinity and salinity), and theation of exposure [35, 36, 37, 38].

The BAF for different heavy metals from water tshfiis a key component of human exposure to thelsnatathe
food chain. The highest BAF value in present stwdg for Cr. Overall, the BAF values for Cu, Cr, &id Zn were
all significant, supporting the finding that thecamulation of Pb and Zn is comparatively more, whhat of Cu
and Cr were less in fish.
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