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Abstract The green mussel Perna viridis was sampled
from relatively clean and contaminated sites along the
Kartanata—-Kerala coast (south west coast of India) to study
the tissue concentration of trace metals and biological
responses to stress (biomarkers) such as sister chromatid
exchange (SCE), chromosomal aberration, micronucleus
(MN) test, hemic neoplasia (HN), Chromotest (Ames test)
and comet assay. In general, mean tissue concentrations of
toxic trace metals collected from 25 sampling sites were
found to be below the World Health Organisation (WHO)
permissible concentration given for seafood. The digestive
gland extract of mussels from all 25 sampling sites showed
negative reaction for mutagenic activity (Ames test) in the
absence of metabolic activation. Very low levels of chro-
mosomal aberration, SCE, MN, HN and comet cells were
observed in mussels collected from both the urban asso-
ciated and relatively clean sites. This study seems to
indicate that that the coastal waters of Karnataka and
Kerala are minimally contaminated with genotoxic and
carcinogenic chemicals.
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Introduction

Marine bivalves are widely used as sentinel organisms for
coastal pollution monitoring programs. Recent field studies
have shown that some of these biomarkers of environ-
mental contaminants in mussels can be used to discriminate
between polluted and unpolluted sites (Krishnakumar et al.
1994, 1995). Cytogenetic techniques such as sister chro-
matid exchange (SCE), chromosomal aberration, Comet
assay and micronucleus test have been used by several
workers to assess the impact of environmental contami-
nants on marine mussels (Pavlica et al. 2000; Klobucar
et al. 2003; Siu et al. 2004). The comet assay is a simple,
sensitive, and versatile method for the detection of DNA
damage in individual cells (Steinert 1999).

The green mussel, Perna viridis has a wide distribution
along the west coast of India and this species has been
proposed as sentinel organisms for marine pollution mon-
itoring (Krishnakumar and Pillai 1990; Krishnakumar et al.
1998). Karnataka coast is well known for its abundant
fishery resources particularly mackerel, oil sardine, prawns,
perches, carangids, etc. The inshore waters of Karwar and
Mangalore receive effluents from industries like the caustic
soda plant, fertilizer plant, iron ore processing plant, dyes
and pigment processing plant and a petroleum refinery.
Coastal waters of Karwar, Mangalore and Calicut have
been identified as pollution hotspots by the Central Pollu-
tion Control Board of India (CPCB 1996). Although there
were some reports on bioaccumulation of toxic heavy
metals in marine bivalves from Karnataka coast (Krish-
nakumar et al. 1998), studies on bioaccumulation of
genotoxic chemicals and the biological effects on marine
bivalves are lacking. In the present study an attempt
is made (1) to biomonitor carcinogenic and mutagenic
chemicals in the coastal environment using marine

@_ Springer



apnpsuoy
9L 9L SL SL vi

13undg @

vl €L

142 I0[eSuBIy

14

0L
S

01

FST

0z

8IS UBIqRAY

K4

2
(N)opnayo

a4

a4

&1

says Surydures

sary], “sisfeue [nun D,0z— 1e 3doy pue ‘psjood ‘1o peroas
~SIp d1m (au1s Jod (7—QI = u) soidwies anssn 1jos doym

Anstwsyo anssiy,

‘SoIpN}s
Ted13ojoiq pue sfelow Aaesy SursA[eue 10§ mo[aq PaquUosop
st pojdwes-qns Awopuel pue (WW gz y13u9 [foys
‘0S = ) Aoyeroqe] 3y 01 poriodsuen) a1om S[asSNUI AT
'SINI PIzI[ELNSNPUl dJe UDIym ‘ndfe) pue oIo[eSuey
‘Temrey] se yons | sjodsjoy,, pagnuspt wioxy £juo psios]
-[03 Jrom sIoqTeworq SurApmis 10J S[ASSNAl 'SUOIIBIO] GT
woy 1007 19quIads Sunnp pajos[od aJom S[EloW AARAY
BurzAfeue oy pasn sojdwres [assny ‘(] ‘Suy) our 1sB0D

[ossnwi pue eore Apmig [ 81y

wy 009 Arerewrxoidde Sursduwios eIpuf JO ISBOO 159M B}
Suore (sye1§ ereIay]) nore) 01 poSeresey woy pue (o138
BYRIBUIEY]) 9I0[ESURN 0} TeMIey WOIJ SPUSIXS eare Apmig

swstue3Io 159) pue vare Apnig

SPOYJOUI PUE SBLINEBIA

“eIpU] JO
15200 159m 213 SuOlE 3NOIE) pue SIO[eSUBIA ‘TeMIRY WO}
(pareurUIEIUOD) SI)IS PAIRIDOSSE UBGIN PUE (FOUSISYOI) UBS[O
AJoATIE[21 WO P2JOS[[OO S[OSSNW UO S[esImaYyd otuddeinuw
pue dtuagourdres jo joedur 9Y) Ssasse 0} (Z) pue ‘s[assnw

‘[2 13 TewINYeuysiry|

127



Biomarkers of environmental contaminants in field population

349

such batches were used for the analysis from each site.
Toxic and essential elements in tissues were determined as
described in Robisch and Clark (1993) using AAS. The
results were expressed in pg g~! wet tissue weight.

Chromosome analysis

Preparation of the chromosomes was done according to the
method of Dixon and Clarke (1982). Ten mussels were
analysed from each site and the gill of each specimen was
prepared on a separate slide. Well spread single metaphase
chromosomes with few overlapping chromosomes were
viewed using light microscope (Olympus BXS50) with
image analysis facility. Breaks and fragments in the chro-
mosomes were counted as aberration. Sister chromatid
exchange was scored and analysed following the methods
reported by Dixon and Clarke (1982).

Micronucleus test (MN)

A 22-gauge hypodermic needle containing 0.5 ml of Tris—
EDTA buffer was inserted between the valves and into the
posterior adductor muscle to withdraw 0.2-0.5 ml of
hemolymph (Elston et al. 1988) and stained using the
Schiff Feulgen—picromethyl blue procedure (Farley 1969).
Slides were then microscopically examined for the pres-
ence or absence of hemic neoplasia (HN), as described by
Krishnakumar et al. (1999).

Comet assay

Comet assay kit (Trevigen Inc., Gaithersburg, MD, USA)
consisting of readymade comet slides and reagents was
used to measure DNA damages in the digestive cells of
mussels. Hemocytes were prepared for the assay as
described by Steinert et al. (1998). Hemocytes at 1 x 10°
per ml were combined with molten low melting point
(LM) agarose (at 42°C) at a ratio of 1:10 (v/v) and
immediately pipetted 50 pl onto comet slide, and slides
were placed flat at 4°C in the dark for 10 min. Then the
slides were immersed in prechilled lysine solution for
40 min at 4°C. Slides were removed and immersed in
freshly prepared alkali solution (pH > 13) for 20 min at
room temperature in the dark to unwind the DNA under
alkaline condition. The slides were transferred to a
submarine gel electrophoresis chamber filled with 10 M
NaOH and 200 mM EDTA (pH = 10) and subjected to
electrophoresis at 300 mA, 25 V for 15 min. The comet
slides were dipped in ethanol for 5 min, air-dried and
stained by placing 50 pl diluted SYBR Green onto each
circle of dried agarose on the slide. Slides were examined
under epifluorescence at 200 x magnification. SYBR

Green’s maximum excitation and emission are 495 and
521 nm respectively. The comet tails in at least 30 cells
were scored according to the DNA content such as
nominal, medium, or high intensity tail.

Ames test (Chromotest)

From randomly selected mussel samples, digestive gland
was dissected out and subjected to strong acid digestion
using nitric acid and then diluted to 50 ml using Millipore
Ultrapure water. The extracts were neutralized to pH 7 and
tested using SOS-Chromotest Kit (Environmental Biode-
tection Products Inc., Brampton, Ontario, Canada) for
genotoxicity. The test measures the increase in activity of
E. coli’s DNA repair system after exposure of the organism
to genotoxicants (Quillardent et al. 1982) and gives nega-
tive or positive color indications.

Statistical analysis

One-way analysis of variance (ANOVA) was utilized to
study the variations in concentrations of metals in mussel
tissue (SPSS 12.00) from different sites.

Result
Bioaccumulation of trace metals

Concentrations of trace metals in the whole tissue of
mussels (ug g~' wet wt) together with the results of SOS-
Chromotest using mussel digestive gland extract from 25
sites collected during December 2001 are shown in
Table 1. Distribution of metals in mussel tissue between
the sites was found to be statistically not different (ANO-
VA test). Mean tissue concentrations of toxic trace metals
collected from 25 sampling sites were found to be below
the WHO permissible concentration given for sea-
food (WHO 1987). Tissue concentrations of Fe in the
samples varied from 15.7 to 286.5 pg g~', Cu from 0.08
to 3.46 ug g~', Ni from below the detection limit (nd) to
289 ug g™', Cd from nd to 2.99 ug g~!, Cr from nd
to 2.83 ug g~*, Zn from 7.47 to 42.98 pg g~! and Mn from
3.14 to 18.29 pg g™'. Tissue concentrations of Pb in the
samples were below the detection limit. Tissue concen-
trations of Cd from two sites (urban sites from Mangalore
and Calicut), Ni from three sites (in and around Karwar)
and Cr from one site (Calicut urban) slightly exceeded the
WHO permissible concentration given for seafood.
Relatively high concentrations of Cu, Cd, Cr, Zn and
Mn were observed in mussel samples collected from
Calicut (Table 1). Mean heavy metal concentration in
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Table 1 Trace metal concentration in the whole tissue (

December 2001

pg g7 wet tissue weight) of green mussel Perna viridis sampled from 25 sites along Karnataka—Kerala coast (west coast of Indja) during

S. No. Site Fe Cu Ni Cd Cr Zn Pb Mn SOS-
chromotest
1 Majali Kurumgad 924 t 407 1.402 + 0.49 nd 1.142 £ 0.14 nd 10.06 + 0.08 nd 8.765 x 1.12 Negative
2 Island Bhicanasi 218.6 + 16.9 1.386 + 0.19 2.868 + 0.01 0.285 £ 0.05 0.145 + 0.06 7.47 + 0.90 nd 10495 + 043 Negative
3 Island 2594 226 1.667 £ 0.08 2407 +0.15 0.99 £ 0.61 0.179 + 0.07 14.08 + 1.06 nd 7.646 + 0.18 Negative
4 Karwar 326+ 119 1.896 + 0.34 nd 0.218 £ 0.17 nd 1241 + 1.88 nd 6.969 + 1.79 Negative
5 Ladies beach 39.1+226 1.84 + 0.08 2.887 £ 0.15 0.538 + 0.61 0.117 £ 0.07 13.23 + 1.06 nd 6.877 £ 0.18 Negative
6 Harwada 2356 £ 224 1.572 + 1.07 nd 1.683 * 0.07 nd 9.06 + 1.22 nd 7.021 £ 0.01 Negative
7 Mudga 165.2 + 66.2 1.447 £ 0.37 1435+ 044 1.825 £ 0.12 0.185 + 0.27 14.08 + 1.81 nd 7.986 + 1.75 Negative
8 Baraekal 1133152 1.774 £ 0.10 1.26 £ 0.22 0.181 + 0.07 0.231 £ 0.08 839+77 nd 6.067 + 0.10 Negative
9 Bawathikatta 51452 1.332 £ 0.10 1.772 £ 0.44 0.158 £ 0.07 nd 10.02 + 4.8 nd 7.918 +0.17 Negative
10 Belekeri 117.1 £ 295 0.886 £ 0.17 nd 0322 £ 0.01 nd 17.35 £ 9.37 nd 52251044 Negative
11 Ankola 286.5 1572 1.335 £ 0.06 nd 024 + 0.05 0.141 £0.13 1691 + 4.98 nd 5.686 + 0.86 Negative
12 Belambar 118.9 + 16.3 0.999 £ 0.01 nd 1211 £0.52 nd 16.18 + 11.8 nd 4.258 £ 0.17 Negative
13 Gokarna 86.6 £ 33.8 1.181 £ 0.31 nd 0.378 £ 0.10 nd 11.51 £ 6.75 nd 6.2 £ 1.69 Negative
14 Tadri 61.7 + 379 1.058 £ 0.30 nd 1.702 £ 0.28 nd 21.57 £ 204 nd 5.667 + 0.59 Negative
15 Kumta 935+172 1.259 + 1.03 nd 1.535 £ 0.35 nd 11.7 £ 24.0 nd 7.323 £ 0.31 Negative
16 Jali 61.8 +19.1 0.757 £ 043 nd 1471 £ 0.07 nd 871263 nd 6.339 £ 0.85 Negative
17 Bhatkal 48.4 + 19.0 0.453 £ 0.55 nd 1.177 £ 1.61 nd 8.02 +0.58 nd 6.409 + 0.52 Negative
18 Someshwara 157 £ 186 0.797 £ 0.26 1.675 = 0.45 0324 £ 0.18 nd 10.15 + 1.92 nd 3.138 + 2.06 Negative
19 Byndoor 739+ 527 1.169 £+ 0.12 0.276 + 0.09 1.613 £ 0.48 0.081 £ 0.02 8.95 + 1.59 nd 5912 £ 1.65 Negative
20 Trast 91.2+179 0.891 + 046 nd 1.303 + 0.27 nd 12.31 £ 338 nd 3.636 £ 0.87 Negative
21 Kaup 342 %399 1.537 £ 0.27 1.211 £ 0.13 0.689 + 0.12 0.393 10.57 £ 2.08 nd 35471+ 022 Negative
22 Mangaloreurban 864 +253 1.021 £ 0.16 nd 2.988 + 0.27 nd 9.48 + 0.50 nd 3251074 Negative
23 Mangalorerural 90 +62.3 0.08 £ 0.12 nd 0.54 £ 0.16 0.02 £ 0.08 9.72 £ 0.48 nd 3561 1.04 Negative
24 Calicuturban 85.2+9.73 3.464 £ 0.13 nd 2.834 +2.06 283+£219 4298 +7.22 nd 18.29 + 0.54 Negative
25 Calicutrural 16.6 + 2.80 1.077 £ 0.10 nd nd nd 27.27 £ 1895 nd 4.737 £ 0.62 Negative
*WHO - 30 2 2 2 50 2 -
permissible
concentration

The results of chromotest (Ames test) carried out using the digestive gland extract of mussels from the above sites are given in the last column

*WHO (1972, 1987)
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mussels exhibited the following decreasing order of
concentration, Fe > Zn > Mn > Cu > Cd > Ni > Cr > Pb.
Tissue concentrations of heavy metals were generally
higher in mussels from the urban-associated sites like
Calicut urban, Mangalore urban and some of the sites in
and around Karwar. Similar observations were made by
earlier researchers using mussels and oysters as indicator
organisms from the above locations (Krishnakumar et al.
1998). The digestive gland extract of mussels from all 25
sampling sites showed negative reaction for mutagenic
activity (SOS-Chromotest) in the absence of metabolic
activation.

Biological study

Results of % occurrence of chromosomal aberration, sis-
ter chromatid exchange (SCE), % occurrence of MN, %
occurrence of comet and HN in mussels collected from
the contaminated and relatively clean sites from Karwar,
Mangalore and Calicut are shown in Table 2. Very low %
occurrence of chromosomal aberration and ‘SCE varying
from O to 3 was observed in mussels collected from the
reference sites and contaminated sites. Hemic neoplasia
was not observed in any of the mussels collected from the
above sites and % occurrence of micronuclei was varying
from 0 to 1 from all sites. Low % occurrence of comet
cells (8-11%) was observed in mussels collected from all
sites.

Discussion

Cytogenetic techniques such as SCE, chromosomal aber-
ration, comet assay and micronucleus test have been used
by several researchers to assess the impact of environ-
mental contaminants on marine mussels (Shugart et al.
1992; Steinert 1999; Pavlica et al. 2000; Klobucar et al.
2003; Siu et al. 2004). This is the first field report on the
biological responses (chromosomal aberration, SCE,
micronuclei formation, hemic neoplasia and DNA damage)

of field populations of green mussels collected from Indian
waters to carcinogenic and mutagenic chemicals.

Previous studies have identified heavy metal contami-
nation of the coastal environment from these areas
(Krishnakumar and Pillai 1990; Krishnakumar et al. 1998).
A caustic soda plant situated at Karwar is disposing its
effluent containing mercury into the sea near Benaga beach
at Karwar (Krishnakumar and Pillai 1990). Several indus-
tries (refinery, fertilizer plant, dye manufacturing plant,
iron ore processing plant, etc.) are dumping their treated
effluent into the sea off Mangalore. A pulp rayon factory
was disposing its effluent into the sea off Calicut until
recently. The present study has shown that the tissue con-
centrations of toxic trace metals in mussels from the west
coast of India are relatively low (Table 1). Generally, the
biological responses (biomarkers) of natural populations of
mussels collected from the urban associated sites from
Karwar, Mangalore and Calicut, along the west coast of
India were found to be within the normal range and no
indication of stress was observed (Table 2). The results of
the Chromotest (Ames test) also showed that levels of
genotoxic and carcinogenic chemicals in their tissue were
very low (Table 2).

A number of studies have demonstrated that marine
mussels are suitable for the detection of genotoxic agents
(Wilson et al. 1998; Steinert et al. 1998; Klobucar et al.
2003). Comet assay using Mytilus edulis from San Diego
Bay was found to respond rapidly to environmental con-
taminants (Steinert et al. 1998). Rank and Jensen (2003)
performed comet assays on M. edulis hemolymph and gill
cells exposed to contaminants and found that, although
both tissues were equally sensitive to contaminants,
hemolymph was better for in vivo studies because it was
much simpler to collect and handle. Wilson et al. (1998)
observed that the comet assay using M. edulis has more
potential for use in an in vitro context for the screening
agents for disposal into the marine environment. Induction
of SCE in M. galloprovincialis was studied under field
conditions (Al-Sabati and Kurelec 1985). However under
relatively clean field conditions, most of these biomarkers

Table 2 Occurrence of chromosomal aberration, sister chromatid exchange, micronucleus, hemic neoplasia and DNA damage (comet assay) in
green mussel Perna viridis (n = 20) sampled from ‘‘hotspots’’ along Karnataka- Kerala coast (west coast of India)

Site Site category Chromosomal Sister chromatid Micronucleus test (MN) Haemic Comet assay
aberration exchange (SCE) (% occurrence) neoplasia (% occurrence)
(% occurrence) (% occurrence) (% prevalence)
Karwar Reference 2+03 1£0.1 0 0 81
Contaminated 3107 2103 0 0 9+3
Mangalore Reference 2104 0 1+0.1 0 10+£2
Contaminated 3+08 0 0 0 1114
Calicut Reference 3+06 2+04 1+£02 0 102
Contaminated 3+£08 0 1+04 0 93
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in marine mussels will be either below the detection limits
or less sensitive.

Earlier chemical monitoring studies also have shown
that Karnataka and Kerala coast were not contaminated
with any organic chemicals (CPCB 1996). Very low levels
of chromosomal aberration, SCE, MN and HN were
observed in mussels collected from both the urban asso-
ciated and relatively clean sites. Similarly, the % occur-
rence of comet cells in mussels collected from the urban
associated and relatively clean sites were also in the same
range (Table 2). Except for a few sites industrial activities
are not located along the Kamataka—Kerala coast. The
results of the present study show that at the present level of
industrialization the coastal waters of Karnataka and Ker-
ala are minimally contaminated with genotoxic and car-
cinogenic chemicals.
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