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ABSTRACT

We present the results from a detailed study based on five metals (Cr, Cd, Zn, Pb and Fe) measured in four organs
(gills, liver, intestine and muscle) of two fish species (Labeo rohita and Cirrhina mrigala) collected from Pulicat
lake that receives effluents from industries located in north Chennai, southeast coast of India. The results show
limited differences between the two species and organs as well as significant variations within the five analyzed
metals. Although the metal concentrations measured in fish muscle are low, high levels of Fe and Pb were observed
in the liver and gills followed by other organs of the two fish species. The concentrations of heavy metals in edible
parts (muscle) of fish were within the permissible levels and are safe for the human consumption. However the
results of the study clearly show the biomagnifications of metalsin Pulicat lake.
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INTRODUCTION

The ever-growing list of chemical contaminants askd into the coastal areas includes aliphatic aandhatic
chemical compounds, phthalate esters, radio-nudEptand heavy metals. Presence of these pollutanises
undesirable changes in the physico-chemical orogio&l factors of an ecosystem, which in turn diseor
indirectly affects the ecological balance of th@immment that ultimately has its effect on humaings. Among
these innumerable contaminants, pollution by heaetals in coastal regions has become a globalttbesause of
its toxicity which are persistent for several dezsmth the environment by bioaccumulation and biamfagtions in
the Food Chain [1]. However, in recent years hematal concentrations were found to be raised irsteba
ecosystems by the release of industrial efflueadsicultural and mining activities. As a resultuatic organisms
were exposed to elevated levels of heavy metal3][2,

The aquatic organisms exposed to the heavy metal fhe runoff water tend to accumulate in theiryobdt fishes

are more commonly affected then other species] Bhifdies carried out in different fish specieséasvealed that
both essential and non-essential metals can prowwae effects in fish by disturbing their growtphysiological,
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biochemical, reproduction activities, and mortality7]. Hence, fishes are considered as one obdis¢ indicator of
heavy metal contamination in coastal environmen®[8

Pulicat Lake in the North Chennai coastal regiom iypical brackish water ecosystem of great ingrareé with

regards to the biodiversity and its aesthetic valluge to its morphological and brackish water cbmstics, it is
the best suitable habitat for breeding and nurgimogind for fishes in North Chennai coastal regiand now it is

being considered as a “Ramsar Site” by the Intenat Union for the Conservation of Nature and Naltu
Resources (IUCN), The World Wide Fund for NatureWWW)—India, including the Ministry of Environment én
Forests. In addition to these, it is home to 5Qcigseof water birds and also a source for white tiger prawns,
mud and lagoon crabs, mullets and catfishes amd ctaieties.

Over exploitation, mismanagement and improperhated industrial effluents from more than 25 indestrare
continuously released into North Chennai Coastgibre which bring the great challenge in the ectesysbalance.
As part of a monitoring study of the anthropogepdlution of Pulicat, the heavy metal pollution water,
sediments, fish, plants, mullet, oyster, and algpecies populating the Pulicat lake has been igagetl in the
previous studies [10, 11, 12, 13]. However, therend report about the metal pollution level in tagsans of
Pulicat lake. Hence, the aim of the present stidgvaluate the level of heavy metal contaminatiortwo
commonly available fish speci€kabeo rohita and Cirrhina mrigala), which appears to have great economic and
ecological importance in the Pulicat lake.

Study area

Pulicat Lake the second largest brackish waterdagdo India running parallel to the Bay of Bendabrdering the
east coast of south Andhra Pradesh State, withrttopaf it extending into the northern part of thiamil Nadu

State (Fig. 1). The lake is about 360%msize, and its depth (water column) varies froto & m. The improperly
treated industrial effluents from the Ennore Crael Buckingham Canal, ultimately reach Pulicat Lékeugh its

bar mouth and the Bay of Bengal coastal watersntBources of pollution are mainly from North ChanThermal

Power Plant, Ennore port activities, Manali Peteafcal Industries, other nearby industries andeatéd urban
wastes from Chennai metropolitan [14, 15] .

EXPERIMENTAL SECTION

Sampling

Ten samples of each fish speciésbo rohita and Cirrhina nmrigala) were collected during two seasons (pre-
monsoon and post monsoon) by professional fishemwsery a multifilament, nylon gill net and trawbfn inside
the Pulicat Lake. Samples were washed with cleaemna the point of collection, separated by speqgdaced on
ice, brought to the laboratory on the same daythed frozen at —20°Cuntil dissection.

Sample preparation

Frozen fish samples were thawed at room temperatndedissected using stainless steel scalpels.gtam of
accurately weighed epaxial muscle on the dorsdéaserof the fish, the entire liver and intestine &wo gill racers
from each sample were dissected for analysis. Weg washed with distilled water, dried in filteager, weighed,
packed in polyethylene bags and kept at —20°C antlysis.

Analytical procedure

The digestion was performed in a microwave digegigprepare the sample for analysis (Kenstar Closssel

Microwave digestion) using the microwave digestwogram, according to [10], the samples were degkstith 5

ml of nitric acid (65%) and after complete digestithe samples was cooled to room temperature ituteédito 25

ml with double distilled water. All the digestechgales were analyzed three times for metals CdZ@rPb and Fe
using Atomic Absorption Spectrophotometer (Perkin&il, AA 700) and are expressedugsg wet weight of tissue
[16]. Analytical blanks were run in the samewaytlas samples and the concentrations were determisied the

standard solutions prepared in the same acid mdinix quality of the data was checked by the amabfsstandard
reference material (MESS-1 and DORM-2, Nationale€Resh Council, Canada). All reagents used duriradyais

were of analytical grade and de-ionized water wseduthroughout the study. All the plastics and gylase were
washed in nitric acid for 15 min and rinsed withotézed water before use. The recovery rates wérgds, 102%,

95.4%, 95%, and 97.6% for Cr, Cd, Zn, Pb, and Espectively. All the reagents used during analysse of

analytical grade, and deionized water was usedigimout the study.
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Fig. 1. Map showing the study area
RESULTS AND DISCUSSION

Knowledge about heavy metal concentration is imgartwith respect to both the ecosystem managenraht a
human consumption. In the present study, the lef/&u, Cd, Cr, Zn, Pb, and Fe accumulation in nmasgills,
intestine, and hepatopancreasLofRohita and C. Mrigala was determined during pre-monsoon and postmonsoon
seasons and summarized in Table 1. In generalatibamulation of heavy metals in different organsveh
difference with respect to their capacity. UnRohita, the mean concentration of Cu (0.2 and 0.29u¢d)(0.18

and 0.8ug/g), Cr (0.09 and 0.10ug/g) Zn (0.24 a@dfy/g), and Pb (2.37 and 2.60ug/g) concentratppeared
considerably higher in liver than in other tissdesing premonsoon. However, high mean concentratfdre (3.22

and 4.38ug/g) was observedLinRohita.

In C. mrigala the mean concentration Cu (0 and 0.10ug/g), C@8(@rl 0.12ug/g), Cr (0.10 and 0.20ug/g) Zn(0.24
and 0.36ug/g) Pb (2.30 and 2.33ug/g) and Fe (2n205a71pg/g). However the high mean concentratioReo
higher in both species in post-monsoon and pre-omngonditions. Several possible explanations cagltbunt
for the differences in metal concentration betwwen fish species. The organisms may be unablecorporate the
metals present in water or sediment. Alternatividg, accumulated metal might be excreted by metabotivity of

the organisms [17, 18].
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Table 1.Concentration (ug/g) of heavy metals in diérent organs of fishes during pre-monsoon and pastonsoon

Metal (ug/g)

Season Species Organ Cu Cd Cr 7n Pb Fe
Liver BDL | 0.130| 0.260{ 0.173 4.23y 3.56f
. Gills BDL | 0.094| 0.060] 0.44Z7 1322 2.26p
Labeo rohita

Intestine | 0.02z | 0.144 | 0.02¢ | 0.29z | 2.45¢ | 11.42¢

Pre-monsoon Muscle | 0.022| 0.120] 0020 0206 1.468 0.284
Liver BDL | 0.106 | 0.248] 0274 2222 3.63p
Chirrhina mirgala |-GIS BDL | 0.150 | 0.056] 0414 3.400 1.774
Intestine | BDL | 0.096 | 0.015| 0.10] 1.85L 3.31B
Muscle | BDL | 0.128 | BDL | 0.188| 1.944 0.198
Liver BDL | 0.06. | 0.22 | 0.20¢ | 5.200 | 1.20(
| abeo roita Gills | 0.02¢ | 0.10¢ | 0.10¢ | 0.50¢ | 1.56( | 2.60¢
Intestine | 0.034 | 0.123] 0064 0.156 2.602 7.800
b Muscle | BDL | 0.044 | 0.026] 0.093 1.056 131
ost-monsoon Liver BDL | 0.104| 0.154] 0.30] 1.604 3.20p
Gills BDL | 0.062 | 0.042] 0554 3.600 1.80p

Chirrhinamirgala =0 e 70,022 [ 0.10¢ | 0.15¢ | 0.08: | 2.20z | 3.10¢

Muscle 0.18¢ | 0.06¢4 | 0.47% | 0.507 | 1.80¢ | 14.75(
BDL: Below detection level

The order of mean concentration of metals analyaedarious organs. rohita, the sequence is as follows: liver,
Pb> Fe > Cd> Cr> Zn> Cu; gills, Pb> Fe> Zn > Cd=>CCu; intestine, Fe>Pb> Zn> Cd > Cr >Cu and muscle
Pb>Fe> Zn> Cd > Cr >Cu respectively as shown inrég2. During postmonsoon, the concentration ofafeéh
liver, gills, intestine and muscle b&beo rohita has the following sequence Pb> Fe> Zn> Cr> Cd pReu>Pb> Zn

> Cd> Cr> Cu >; Fe >Pb> Cd > Zn> Cr> Cu and Fe >RBh> Cd >Cr > Cu respectively as shown in the fg8r
The mean concentration of Cd, Zn, Pb Cr, Cu anthReabeo rohita during premonsoon and postmonsoon are of
the following order Fe>Pb> Zn> Cr> Cd > Cu as shamwfigure 4 . The following two metals Pb and stews
the higher values in liver, gills, intestine andsdle and the order being intestine > liver> musgjéls during the
premonsoon and intestine > liver> gills> musclpastmonsoon seasons.

The analyzed concentration of trace metals durirgnpnsoon season in various organsCafirgala, gives the
following sequence: liver, Fe >Pb> Cr> Zn> Cd> @ills, Pb> Fe>Zn > Cd>Cr > Cu; intestine, Fe>Pb>>CaAn>

Cr >Cu and muscle Pb>Fe> Zn> Cd > Cr >Cu respdygtias shown in figure 5. The postmonsoon has
concentration of metals in liver, gills, intestia@d muscle ofChirrhina mirgala with the following sequence,
Fe>Pb> Cr> Zn> Cd > Cu; Pb> Fe > Zn > Cd> Cr> Cke>Pb> Cr> Cd > Zn> Cu and Fe >Pb> Zn> Cr > Cd >
Cu respectively as shown in figure 6. The mearcentration of Cd, Zn, Pb Cr, Cu and FeQhirrhina mirgala
during premonsoon and postmonsoon are of the falgwrder Fe>Pb> Zn> Cr> Cd > Cu as shown in therg7.
The two metals Pb and Fe has the highest valubgein gills, intestine and muscle with the ordeirg given as
muscle> liver> gills > intestine for both premonaamnd postmonsoon.

In general, Fe and Pb was found to be the highdymellated metal and Cu was the least accumulatéal meboth
fish, (Table 1). The results are consistent witbvjpus studies, indicating high concentration ofalRd Pb in fish,
Ulva lactuca, mullet, and oyster collected from the Pulicatelaktndia [10, 13, 19]. The variation in metal
accumulation rate could be due to the metaboli, Etposure route, metal mobility, bioavailabiligyd species of
the chelator present in water and sediment of thied lake [20, 21]. In addition, the environmdrfgctors such as
pH, temperature, salinity, nutrients, organic matbeganic carbon, and environmental conditionshefecosystem
influence the bioavailability and bioaccumulati@ter of metals [12]. The pH of the water samplegednfrom 8.1
to 8.47 during postmonsoon and 8.3 to 8.65 durirgnponsoon. High salinity was observed during postsoon
(42 ppt) and low salinity was observed during postisoon (20.49 ppt). Nitrite and nitrate concerdret in lake
water samples were in higher range (1.93 and Omig/ during monsoon and in lower range (0.1 ar@il Gng/l)
during post-monsoon. The concentration of metal@ater samples was high (Cr 11.4 mg/l, Pb 3.3 nagitf Cd
0.07 mg/l) in pre-monsoon and low (Cr 1.4 mg/l, 2% mg/l, and Cd 0.04 mg/l) in post-monsoon. Theimam
level of Cd (88.7 mg/g) in sediments was observa&tihd monsoon and minimum level (32.7 mg/g) waseobsd
during pre-monsoon. Chromium concentration obseimdbe sediments was found to be maximum (45.3yjrig/
pre-monsoon and minimum (19.8 mg/g) in post-monsddre maximum Pb concentration of 43.7 mg/g was
observed during monsoon and minimum level of 7.2gmgas observed during pre-monsoon [12, 13].

954



B. Prabhu Dass Batvariet al J. Chem. Pharm. Res., 2015, 7(3):951-956

Labeo rohita Chirrhina mirgala

pre monsoon premonsoon
20 4.000
3.000
2]
@ 10 &0
= & 2.000
0 l“ 1.000
Cu Cd Cr Zn Pb Fe 0.000 ===
Metals Cu Cd Cr Zn Pb Fe

M Liver MGills wintestine M Muscle

Metals
M Liver mGills Intestine ® Muscle

Fig. 2. Bioaccumulation of Heavy metalsin Labeo rohitain pre
monsoon

Fig. 5. Bioaccumulation of heavy metalsin Chirrinamigralain
premonsoon

Labeo rohita
post monsoon

ne/g
NI

N

.Y

Cu Cd Cr Zn Pb Fe
Metals

H Liver mGills

Intestine ® Muscle

Chirrhina mirgala
post monsoon

16.000
14.000
12.000
10.000
8.000
6.000
4.000
2.000

0.000 . —
Cu cd Cr Zn Pb Fe

Metals
W Liver mGills Intestine ™ Muscle

ne/e

Fig. 3. Bioaccumulation of Heavy metalsin Labeorohita in post

Fig. 6. Bioaccumulation of heavy metalsin Chirrinamigralain

monsoon postmonsoon

Labeo rohita Chirrina mirgala
6 6
5
4 4

<0 <0

E 3 & 3
2 2
1 1
0 [¢]

Cu cd Cr Zn Pb Fe Cu cd Cr Zn Pb Fe

Metals Metals
W pre monsoon M post monsoon = pre monsoon = post monsoon

Fig. 4. Bioaccumulation of heavy metalsin Labeorohita Fig. 7. Bioaccumulation of heavy metalsin Chirrinamigrala

CONCLUSION

The present study provides information on accuriaiadf Fe, Pb and other toxic metals in fidh Rohita and C.
Mrigala) from Pulicat lake. Although the concentrationnoétals in edible parts of fishes was below thetéohi
value prescribed by Food and Agriculture Organizatf the United Nations (1983), the results ofghesent study
and previous study clearly indicate the biomagatfan of Pb and other metals in aquatic biota dicRtlake.
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