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Abstract The major beds of oyster along the central-west
coast of India are exposed to different anthropogenic activ-
ities and are severely exploited for human consumption. In
this viewpoint, tissues of oyster Crassostrea madrasensis,
C. gryphoides and Saccostrea cucullata were analyzed for
Cu, Ni, Cd and Pb concentrations (dry weight) from Chi-
calim Bay, Nerul Creek and Chapora Bay in pre-monsoon,
monsoon and post-monsoon seasons. A higher concentra-
tion of Cu (134.4-2167.9 mg kg™') and Cd (7.1-88.5 mg
kg™!) was found, which is greater than the recommended
limits in all the three species (and sites). Moreover, signifi-
cant (p <0.05) variations were observed for all the metals
concentrations among the species, seasons and sites. The
high concentrations of Cd and Cu in tissues of edible oys-
ter pose a threat to human health. Therefore, continuous
monitoring, people awareness and a stringent government
policy should be implemented to mitigate the metal pollu-
tion along the studied sites.

Keywords Metal pollution - Estuaries -
Bioaccumulation - Oysters - Seafood

Metal pollution in aquatic ecosystems, due to increasing
levels of contaminants, represents a serious and growing
problem worldwide. Metals, especially heavy metals, are
serious pollutants due to their toxicity (at high concentra-
tion), persistence and bioaccumulation in aquatic organisms
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(Rainbow 2002). Marine bivalves such as oysters, mussels
and clams have been widely used in biomonitoring pro-
grams. For example “Mussel Watch” programs use bivalves
due to their ability to accumulate and tolerate high concen-
trations of heavy metals compared to other marine organisms
(UNEP 1993). Among the bivalves, oysters (filter feeder)
are well known as a universal sentinel accumulator of both
essential and non-essential elements from the ambient envi-
ronment (Amiard et al. 2008). Consequently, oysters from
contaminated sites serve a potential risk to human health.
Nevertheless, worldwide, oysters are a highly esteemed
nutritious seafood, as they constitute rich source of proteins
and a number of essential elements (Asha et al. 2014).

India is fortunate to have large resources of oysters. In
2008, 2400 tonnes of oyster production (http://www.fao.org/
fishery/countrysector/naso_india/en) was recorded from the
Indian coast. Crassostrea and Saccostrea are the major spe-
cies occurring along the coastal waters of India (Asha et al.
2014). Edible oysters such as C. madrasensis (Preston 1916),
C. gryphoides (Schlotheim 1813), and S. cucullata (Borm
1778) are under severe exploitation along the Goa coast.
Since estuaries of Goa receives numerous deposits of heavy
metals from its Fe-Mn ores industries, barge building activi-
ties and waste disposals from the adjacent human settlements,
high concentrations of heavy metals have been reported from
marine components (sediment, suspended particulate mat-
ter and seawater) of Goa (Alagarsamy 2006; Kessarkar et al.
2013; Veerasingam et al. 2015; Prajith et al. 2016).

Although heavy metals concentrations in waters of Goa
is known, no such study has been conducted on oyster spe-
cies. Therefore, it is necessary to carry out a study concern-
ing heavy metals levels in commercially important oyster
species that are harvested regularly for human consumption.
Keeping this aspect in forefront the present study has been
undertaken with the following objectives (1) to determine
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levels of essential metals: copper (Cu), nickel (Ni) and non-
essential metals: cadmium (Cd) and lead (Pb) in the tissue
of three oyster species (C. madrasensis, C. gryphoides, and
S. cucullata) and (2) to find out whether the oysters occur-
ring along the coastal waters of Goa are safe for human
consumption.

Materials and Methods

Three sites including a reference site (where oysters are
harvested on regular basis for human consumption) were
chosen from the Goa coast, India (Fig. 1) to determine the
heavy metals concentrations in oyster species. The details of
selected sites are as follows:

Chicalim Bay (CB) (15°24'3.52" N, 73°51'14.24" E) is
located on the southern bank towards confluence of Zuari.
This site hosts various ship and barge building indus-
tries, yards, workshops, anthropogenic activities and iron
ores transportations. Nerul Creek (NC) (15°30'37.70" N,
73°46'48.75"E) opens into the Aguada Bay of Mandovi
Estuary, extends inside the land in U-shape up to a length
of about ~8.5 km. This site is under the influence of fish-
ing and other tourism activities. Also, this creek opens into
the Mandovi River which is used for iron ores transporta-
tion from mines located upstream. Chapora Bay (ChB)
(15°36'30.43"N, 73°44"7.19"E) a reference site located far
from the main city. Unlike the other two sites, this site is

Fig. 1 Map showing sampling sites (CB: Chicalim Bay in Zuari estu-
ary, NC: Nerul Creek in Mandovi estuary, ChB: Chapora Bay in Cha-
pora estuary) along the Goa coast
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not influenced by mining activity and has no ship building
activities.

During the low tide, sampling was carried out in the
intertidal region of the above mentioned sites in monsoon
(July 2013), post-monsoon (November 2013) and pre-mon-
soon (March 2014). Surface water temperature (°C) and
pH were measured on site using a calibrated thermometer
and a portable pH meter, respectively. Salinity (psu) was
determined by a refractometer (ATAGO, S/Milli-E). Dis-
solved oxygen (DO) of surface water was analyzed using
Wrinkler’s method and expressed in mg 1~ (Parson et al.
1984). Oysters (n=20 as one pool, 45-50 mm length) of
each species from each site and season were collected and
brought to the laboratory. Whole soft tissues of oyster were
cleaned with deionized water to remove impurities. Then,
tissues were dried at 60°C and digested with 65% HNO,
(suprapure grade) as per the method described by Cheung
and Wong (1992) with minor modification. Fish protein
certified reference material for trace metals (DORM-4) was
used to ensure the quality of the results. Accuracy of Cu, Ni,
Cd and Pb analyses, are expressed in recovery percentage
87.23%, 87.83%, 98.03% and 71.46 %, respectively. The
precision measured as relative standard deviation (%RSD)
of triplicate sample values were <10 %. The detection limits
for Cu, Ni, Cd and Pb were 100, 100, 10 and 50 pg kg‘l,
respectively. Utmost care was taken at every step of sample
processing to avoid contamination. The concentrations of
metals (Cu, Ni, Cd and Pb) in all the samples were deter-
mined using a Graphite Furnace Atomic Absorption Spec-
trometer (Perkin Elmer, PinAAcle 900T).

The statistical analysis of data was conducted using
PRIMER 6 (Primer-E Ltd., Plymouth, UK) software. Mean
and standard deviation (SD) were calculated on all mea-
sured values of heavy metal concentrations. Data was also
checked for normality (Shapiro-Wilks test) and homogene-
ity of variance (Levene’s test). However, when data failed to
meet normality, permutational MANOVA (PERMANOVA)
test was performed on untransformed data to find out the
significance level in spatio-temporal variation of met-
als concentrations. Finally, principle component analysis
(PCA) was adopted to know the spatio-temporal relation-
ship in metal concentrations measured in oyster tissue. Fur-
ther, scatterplot on PCA scores of first two significant PCs
were plotted across the axes to know the seasonal influence
of a particular metal on the analyzed samples.

Results and Discussion

Metal uptake and accumulation in bivalves depend on sev-
eral factors including size, sex, reproductive state, changes
in tissue composition, bioavailability of metals, seasons and
hydrodynamics of the environment (Boyden and Phillips
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1981). In this perspective, physico-chemical properties such
as temperature, pH, salinity and DO of surface water were
measured at all the three sampling sites (Table 1). Consider-
ably, low values of surface water temperature, pH and salin-
ity and high values of DO were recorded in the monsoon
period than in non-monsoon (pre-monsoon and post-mon-
soon). Dilution of seawater by heavy rainfall and influx of
oxygen-rich riverine water together with cloud cover and
low incoming solar radiation during monsoon could be the
reasons for the observed lower surface water temperature,
salinity and higher DO.

Table 2 summarizes the mean concentrations of Cu, Ni,
Cd and PDb in the tissues of three oyster species from the
three selected sites during three different seasons. The hier-
archy of measured heavy metals content in the tissues of
oysters was in the following order: Cu > Cd > Ni > Pb. The
differences in heavy metals’ burden in oysters may be due
to the different affinity of metals to oyster tissues, differ-
ent uptake, deposition and excretion rates. Moreover, results
of PERMANOVA showed a significant variation (p <0.05)
in metals concentrations across all the seasons, sites and
species as well as the interactions among these three main
effects (Table 3). Although metals concentrations between
study sites (CB and NC) and the reference site (ChB) showed
significant (p <0.05) variation, it is noteworthy that metal
values observed at ChB was similar in range with CB and
NC. This suggests that the reference site is also impacted by
anthropogenic activities probably over the nearby fish land-
ing jetty and sewage disposal from land inhabitants along
the bank of the river Chapora. Similar hydrological param-
eters observed at all the three sites further supports the
above statement. Metal concentrations in tissues of aquatic
invertebrates living in the same habitat vary within closely
related taxa and species within the same genus due to the
species-specific differences for metal uptake and accumula-
tion (Rainbow 2002 and references therein).

To understand the spatio-temporal relationship in the
metal contents recorded in three different oyster species, a
PCA analysis was performed (Fig. 2). Based on the eigen-
values (>1), the first two principal components (PCs) were
retained as they explained 60.5% of the total variability.

Loading values described the relationship between metal
levels and the principal components. PC1 showed strong
loadings of both Ni and Pb, while PC2 presented strong
loadings of Cu and moderately high loading for Cd. This
sets the stage for the seasonal groupings on the PCA scat-
terplot (PC1 vs. PC2). Three groups were formed which
apparent with an emphasis on impacts among three differ-
ent seasons irrespective of sites and oyster species. Notably,
Group A (pre-monsoon) and Group C (monsoon) are sepa-
rated largely on the basis of PC1. Group A was formed of
six samples directed towards the upper right side of the plot
showed signature of Ni and Cu. Group C composed of 5
samples located at the upper left side of a scatterplot showed
less concentration of Pb and enrichment of Cd. On the basis
of PC2, Group B (post-monsoon) comprised of eight sam-
ples, formed distinct group from Group A and C mainly due
to low concentration of Cu and/or Cd. These results clearly
demonstrate that different seasons and local conditions have
more impact on accumulation of metals in oysters.

The concentrations of Cu in oyster tissues varied from
134.4 to 2167.9 mg kg~' (Table 2), which is higher than
the recommended limit (32 mg kg™!) set by FAO Guideline
(1983). The maximal levels of Cu in oyster tissues observed
in pre-monsoon season is also supported by the Group A
in the PCA scatterplot. The higher accumulation might be
attributed to the increase in surrounding surface water tem-
perature during pre-monsoon season. The rise in surround-
ing temperature increases the metabolic activities, resulting
in higher filtration rate, larger collection of suspended matter
and higher uptake of heavy metals (Belivermis et al. 2015).
Another plausible reason could be due to the higher avail-
ability of Cu in the ambient environment. Since the stud-
ied sites are a famous destination for tourism and fishing,
Cu-rich antifouling paint residues coming from barge build-
ing, fishing activities and tourism boats contaminates the
estuarine environment (Alagarsamy 2006). Similarly, high
values of Cu (170-610 mg kg™!) were reported in tissue of
S. cucullata from Deltaic Sundarbans (Sarkar et al. 1994).
Since high concentrations of Cu (21004400 mg kg™
dry wt.) cause oyster mortality (Hung and Han 1990), the
excessive concentration of Cu noticed in the current study

Table 1 Seasonal variation in

. Parameters Monsoon Post-monsoon Pre-monsoon

hydrological parameters from

sampling sites CB NC ChB CB NC ChB CB NC ChB
Water tempera- 25 26 26 30 29 28.5 29 30 29.5

ture (°C)

pH 6.75 6.23 6.25 8 7.7 8 7.9 7.8 8.1
Salinity (psu) 2 1 2 30 27 25 30 32 25
Dissolved oxy- 7.41 5.62 6.12 6.58 5.80 5.71 5.47 439 5.36

gen (mg17")

CB Chicalim Bay, NC Nerul Creek, ChB Chapora Bay
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Table 2 Seasonal variations in total metals (Cu, Ni, Cd and Pb) content (mean + SD) (mg kg~! dry weight) with % RSD (relative standard devia-

tion) in three oyster species from selected sites

Metals Seasons Sites C. madrasensis %RSD C. gryphoides ~ %RSD S. cucullata %RSD
Cu Monsoon CB 776.2+0.3 0.49 485.4+0.5 2.51 na
NC na na 638.9+0.4 0.75
ChB 359.4+0.5 1.25 847.8+0.2 0.33 na
Post-monsoon CB 148.2+0.2 1.68 542.4+0.1 0.3 465.9+0.3 0.86
NC 383.2+0.3 1.16 323.1+0.7 2.79 134.4+0.1 0.75
ChB 275.1+£0.3 5.27 205.2+0.5 2.83 255.3+0.1 0.55
Pre-monsoon CB 606.8+2.8 2.99 164.7+0.1 0.41 1306.1 +4.1 4.02
NC 11552+2.8 323 526.1+1.4 3.4 615.5+1.4 1.41
ChB 3552+2.1 1.89 na 2167.9+1.8 2.65
Ni Monsoon CB 1.16+0.3 2.22 0.88+0.9 3.99 na
NC na na 143+1.5 4.04
ChB 2.06+0.6 0.69 1.46+0.0 1.26 na
Post-monsoon CB 0.90+0.5 4.39 1.56+1.1 2.8 2.70+0.4 1.04
NC 1.24+0.1 0.13 1.17+1.4 0.09 0.70+0.3 3.23
ChB 1.66+1.4 7.18 1.15+1.1 3.77 0.84+0.2 1
Pre-monsoon CB 451+93 6.29 1.55+0.3 1.38 0.88+0.0 2.38
NC 1.74+0.2 4.78 3.18+4.1 5.11 1.91+04 8.05
ChB 5.61+£0.2 2.77 na 296+2.4 3.95
Cd Monsoon CB 154.6+0.1 2.24 38.6+0.2 3.45 na
NC na na 354+0.0 0.3
ChB 70.9+0.1 1.15 88.5+0.2 3.01 na
Post-monsoon CB 9.5+0.3 8.68 10.9+0.1 1.88 11.7+0.0 1.13
NC 16.6+0.3 2.48 20.2+0.4 6.18 42.8+04 7.36
ChB 40.8+0.1 5.15 18.0+0.1 5.96 28.9+0.1 2.89
Pre-monsoon CB 493+0.0 0.51 7.5+0.0 0.86 8.7+0.0 0.59
NC 21.1+0.1 1.3 7.2+0.1 1.8 9.3+0.1 4.11
ChB 19.3+£0.0 0.37 na 18.3+£0.0 0.77
Pb Monsoon CB 0.19+0.5 5.28 0.19+0.2 345 na
NC na na 0.20+0.4 2.64
ChB 0.35+0.6 2.6 0.31+0.3 1.13 na
Post-monsoon CB 0.11+0.3 4.38 0.35+0.2 1.36 1.70+0.1 1.33
NC 0.44+0.8 4.51 0.22+0.2 2.71 0.12+0.1 3.16
ChB 0.84+0.1 0.63 0.29+0.1 0.76 0.32+0.3 2.1
Pre-monsoon CB 0.68+0.8 3.55 0.10+0.0 0.91 0.13+0.8 6.33
NC 0.35+0.1 0.17 0.22+0.6 3.66 0.28+2.0 9.5
ChB 0.24+0.3 1.81 na 0.35+0.6 2.84

CB Chicalim Bay, NC Nerul Creek, ChB Chapora Bay, na species not available

indicates a higher risk to oysters in the Goa coast. Moreover,
consumption of oyster tissue as seafood with such a high
concentration of Cu can lead to stunted growth, cirrhosis of
the liver and jaundice in humans (Gorman 1993).

The Ni concentrations in oysters varied between 0.70 and
5.61 mg kg™! (Table 2). The maximum Ni value (5.61 mg
kg™!) was obtained in C. madrasensis tissue from ChB in
pre-monsoon, while the minimum value (0.70 mg kg~") was
measured in S. cucullata from NC in post-monsoon. The
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concentrations of Ni detected in this study were found well
below the acceptable limit (70-80 mg kg~") (USFDA 1993).
This shows that Ni does not have strong binding affinity
in oyster tissue. Though the Ni concentration is far below
the permissible limit, measured levels of Ni were compara-
tively high in pre-monsoon which was also statistically rep-
resented in Group A of the PCA scatterplot (Fig. 2). This
tendency is hypothesized to be due to increase in filtra-
tion activity of oyster in non-monsoon period as discussed
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Table 3 Results of PER-
MANOVA test for metal
concentrations in relation to

species, sites, seasons and their
interaction

Source df SS MS Pseudo-F p (perm) perms
st 1 1661.3 1661.3 20683 0.001 998
se 2 19515 9757.3 1.21E+05 0.001 999
sp 1 497.24 497.24 6190.6 0.001 999
stXse 3 2715.5 905.16 11269 0.001 999
stXsp 4 10107 2526.8 31458 0.001 999
seXsp 3 7346.1 2448.7 30486 0.001 998
stXsexsp 4 12959 3239.8 40335 0.001 999
Residual 44 3.5342 8.03E-02
Total 65 57153

St site, se season, sp species, df degrees of freedom, SS sum of squares, MS mean sum of squares, Pseudo-F
F value by permutation, p values are based on 999 permutations

earlier in case of Cu. A similar Ni level (5.67 mg kg™!) was
recorded in oyster C. madrasensis from Pulicat Lake (India)
(Laxmi Priya et al. 2010).

The concentrations of Cd in oyster tissues ranged
between 7.1 and 88.5 mg kg~!. Since the concentration
of Cd at Chicalim Bay (CB) was unexpectedly very high
(154.6 mg kg™'), it has been excluded from the range val-
ues. These values were observed to be much more ele-
vated than the tolerable limit of 0.5 mg kg™' (FAO 1983).
Among four studied metals, Cd showed relatively high

accumulation in monsoon than the non-monsoon period.
These observations are coinciding with Group C of the
PCA scatterplot. This could be attributed to three different
reasons. First, although heavy rainfall during the monsoon
period dilutes the metal concentrations in the aquatic sys-
tem, a decrease in salinity (i.e. less chloride concentration)
during the monsoon period increases the availability of free
Cd ions to filter feeders (Engels and Fowler 1979) and thus
higher metal uptake by oysters. Second, Cd mimics calcium
(Ca) ions (which is abundant in seawater) due to its similar
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geochemical properties, particularly ionic radius (cf. Ca 9.7
and Cd 9.8 nm) (Huanxin et al. 2000). Third, Cd also has
strong affinity towards the metallothionein (MT) proteins
and sequestered metal in detoxified form like Cu (Rainbow
2002). Results of the present study is further corroborated
by previous studies where authors have found high con-
centrations of Cd in clam Paphia malabarica (1.4-8.4 mg
kg™!) along the Goa coast (Kumari et al. 2006) and in oys-
ter S. cucullata (10-40 mg kg™') along Deltaic Sunderbans
(Sarkar et al. 1994). It has been found that Cd intakes of
0.43-0.71 pg kg~! day~! cause a toxic effect on consumers
mainly to high risk groups, including women with low iron
stores, people with renal impairment, smokers and children
(Cheng and Gobas 2007). Therefore, consumption of oys-
ters from the studied sites should be limited.

The highest value of Pb (1.70 mg kg~') was observed
in S. cucullata in post-monsoon whereas, lowest value
(0.10 mg kg~") was obtained in pre-monsoon season at CB
(Table 2). Although the average concentration of Pb was
below the recommended limit of 1.0 mg kg™' (EU 2001), a
few samples exhibited values >1.0 mg kg~! which indicates
that oysters from the study regions are contaminated by Pb
to some extent. Heavy traffic load of motor vehicles, boats,
ships, combustion of fossil fuel, organic waste discharge in
the vicinity of sampling sites as reported by Veerasingam et
al. (2015) could be the reasons for the Pb concentrations in
some oyster samples.

Most metal toxicants could easily interchange and dis-
perse through aquatic ecosystems. For example, re-suspen-
sion of surface sediment releases particulate matter along
with metals into the overlying waters (Zvinowanda et al.
2009). Since oysters are filter feeders, it is necessary to fur-
ther investigate the concentrations of bioavailable metals
from sources like surficial sediment, particulate (suspended
particulate matter) and dissolved metals from the oyster
beds ambience.

Based on the results of our study we can conclude that
waters along the Goa coast are highly contaminated with
heavy metals. Furthermore, concentrations of Cu and Cd in
oysters are above the limits recommended by international
authorities for safe consumption by humans. Therefore,
consumption of oysters from the studied sites should be
avoided. It is important to identify source(s) of these metals
and measure should be taken to reduce the metal pollution
in seafood. The present work calls for continuous monitor-
ing, people awareness and a stringent government policy to
control metal pollution in the coastal waters along the Goa
coast.
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