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ABSTRACT

The aim of present work was to evaluate and compare the bioaccumulation of selected heavy metals —
Cadmium, Chromium, Copper, Lead and Zinc in the gills of yellow foot clams collected from polluted
and reference sites of Ashtamudi Lake and thereby its predominant effects on histological moieties. The
order of accumulation of heavy metals in gills of clams from polluted sites - site 1 and site 2 is Zn (79.33
mg/kg) >Pb (11.56 mg/kg) > Cr (4.99 mg/kg) > Cu (4.53 mg/kg) > Cd 1.35 mg/kg) and Zn (21.77 mg/kg)
> Cr (4.13 mg/kg) > Cu (2.71 mg/kg) >Pb (1.68 mg/kg) > Cd (1.01 mg/kg) respectively; whereas from
site 3 (reference site) the order is Zn (8.80 mg/kg) > Cu (1.53 mg/kg) > Cr (0.15 mg/kg) >Pb (0.07
mg/kg) > Cd (0.008 mg/kg. Predominant histological alterations such as clubbing and fusion of gills,
degeneration, necrosis, atrophy, abnormal gill morphology, oedema etc. were observed in the gills from
polluted sites; whereas gills from reference site showed a normal morphology. The findings of the present
study revealed the burden of heavy metals in the gills of edible yellow foot clams.
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INTRODUCTION

Aguatic pollutants seriously affect the ecological status of backwaters and rural estuaries in Kerala.
Ashtamudi Lake, the second largest backwater in Kerala is prone to several kinds of toxic aquatic
pollutants. Rapid industrialization, tourism activities without proper effluent and waste treatment
facilities, intensive coconut husk retting, oil and excreta release from house boats together with
encroachment are the major ecological threats which affects Ashtamudi Lake. Of the several threats,
heavy metal pollution is one the crucial problem faced by Ashtamudi Lake. Studies of heavy metal
toxicity in the water, sediment and fish samples of Ashtamudi Lake have been reported by many (Geetha,
1997; Bhavan and Geraldine, 2000; Suma et al., 2012; Razeena., 2014; Lekshmi and Sherly, 2018). The
toxic metals usually penetrate and concentrated on different tissues of organisms especially through skin
and gills (Ahmed et al., 2014). Among the various organs, the gills of shellfishes are considered the main
site of entry to aquatic pollutants as they are in direct contact with the external medium to perform
gaseous exchanges and ionic regulations. In order to promote its normal functions the gills have linked
sites, which link to toxic pollutants with differentiated charges, triggering, mechanical responses, and
toxic effects to the organism (Roberts, 1989). For the present study the gills of edible molluscs, yellow
foot clams - Paphiamalabarica was targeted in order to analyze the severity of heavy metal
contamination in them.

Molluscs which forms the major constituents of aquatic food chain when exposed to alarming levels of
metals in a polluted aquatic ecosystem tends to take these metals up from their direct environment.
Studies especially on the changes in the histological structure can probably use as a reliable tool for
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determining the action of different toxicants on the body of organisms. Histological analysis using
electron microscopic techniques have been widely used as diagnostic tools in order to ascertain the
morphological changes in the tissues of fishes due to the chronic exposure to various heavy metals
(Sivakumar et al., 2015; Arian et al., 2016; Smriti et al., 2019). The higher level of toxic heavy metals
caused adverse effects on aquatic organisms, at cellular or molecular level and results in the alteration of
histological structure (Kavitha et al., 2010; Nurnadia et al., 2011).

Even though many have investigated effects of heavy metal pollution on the mortality of aquatic animals
(Arafa et al., 2015; Celine et al., 2015; Rajalakshmi, 2015) very little is known about the histological
changes in the tissues of aquatic organisms on exposure to toxic heavy metals from Ashtamudi Lake.
Hence, the present study was emphasized on alterations in the histological structure of gill tissues of
edible yellow foot clams of Ashtamudi Lake with special reference to heavy metal toxicity in them.

MATERIALS AND METHODS

Ashtamudi Lake, (lat-76°.32" and 76°.41 E ; long- 8°.52" and 9°.02' N) the second largest (area of 61.42
Km?) and deepest (maximum depth of 6.4 m at the confluence zone) wetland ecosystem of Kerala is
situated in the Kollam district. As the name implies ‘Ashtamudi’ Lake is planimetric in shape, which is
divided into eight principal arms. Of these Kureepuzha, Perumon and West Kallada regions of Ashtamudi
Lake were selected as site 1, 2 and 3 respectively for the present study. The effluents from Parvathy Mills,
Milma Dairy, KSRTC workshop, municipal waste dump site and many small scale industries are the
major sources of heavy metals in this region (Razeena, 2014) The Aluminum Industries Ltd., Kerala
Ceramics Ltd., Kerala Electrical and Allied/Engineering Company and Techno Park are the major
industries discharging effluents at site 2, the Perumon region (Razeena, 2014; Gireesh Kumar, 2016). The
region of West Kallada Lake which is not much disturbed with anthropogenic interferences and
urbanization is selected as the third and reference site.

Yellow foot clam (Paphia malabarica) otherwise known as short neck clam is the most widely distributed
and continuously exploited clam for local consumption as well as for export. Yellow foot clams of
Ashtamudi Lake was the first fishery in India to be MSC certified (Wakamatsu and Wakamatsu, 2017).
Shell is large and thick with concentric and strong close set ridges. The front and hind margins are
narrowly rounded and the ventral margins almost straight. The striation is almost parallel to the ventral
margin and corresponding eduntation is noted in the hind margin. Pallial sinus ‘U’ shaped and lunate is
short and depressed (FAO, 1984). Yellow foot clams (360 numbers of about 1 to 2.5 cm shell length and
0.250 to 0.700 gm weight) were collected from each study site for one year. Gills of the selected species
were carefully removed for heavy metal and histological analysis.

Heavy metals such as Cadmium, Chromium, Copper, Lead and Zinc were selected for the present study.
Heavy metal analysis in the gills of yellow foot clams were carried out using an atomic absorption
spectrophotometer (AAS, Pinnacle 900H) as described by APHA (2012). Metal concentrations were
calculated in mg/kg.Data obtained was generalized and the results were expressed as mean * standard
deviation. Statistical analysis of data was performed using SPSS statistical program (Package-22,
registered). Significant differences between heavy metal components of the candidate species from
various sites, determined using One- Way analysis of variance (ANOVA) followed by Fisher’s LSD post
hoc test.

For electron microscopic investigation, gills of clams were cut into Imm diameter and were initially fixed
in 4% Glutaraldehyde solution for 24 hours. Then multiple rinsing in Cacodylate buffer with pH 7.2 was
carried out. Post fixation was done in 1% Osmium Tetroxide solution for 2 hours. The sections after
dehydrated in a graded series of Ethanol were dried by the critical point method. Dried tissues were
mounted on stubs using carbon tape and were viewed and photographed with a scanning electron
microscope (JEOL Model JSM — 6390 LV) operating on 30 kV at STIC, CUSAT, Kochi.
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RESULTS AND DISCUSSION

Statistical results of ANOVA showing the heavy metal accumulation in the gill of clams is shown in table
1. The results of the One Way Analysis of Variance (ANOVA) showed that selected heavy metals for the
present study such as Cadmium (F = 77.57), Chromium (F = 46.58), Copper (F = 18.37), Lead (F =
71.21) and Zinc (F =112.76) were found to be different among each other with respect to the study sites.
The mean difference was found significant at 1% (p < 0.01). The results of the Fisher’s LSD Post hoc
multiple comparisons further reveals that the site 1, 2 and 3 significantly differ among each other with
respect to the heavy metals Cadmium and Zinc. For the heavy metal Chromium, site 1 and 2 significantly
differ from site 3. In the case of heavy metals Copper and Lead site 1 significantly differ from site 2 and
3.

Table 1: Analysis of variance (One Way ANOVA) of heavy metals in the gill of yellow foot clams
comparing study sites

Study sites

Heavy metals | Site 1| Site 2 | Site 3 cFompar;/r?gI;ue P Value
(mg/kg) (Mean + SD) (Mean % SD) (Mean + SD) study sites

Cadmium 1.35+0.24 ° 1.01+0.40° 0.00+0.02 ° 77.57 <0.01*
Chromium 499 +1.72° 413+ 1.43° 0.15+0.29° 46.58 <0.01*
Copper 453 +1.78° 271 + 0.97° 153 + 0.57° 18.37 <0.01*
Lead 11.56 +4.24 ° 1.68 +1.21° 0.07£0.17° 71.21 < 0.01*
Zinc 79.33 +20.11° 21.77+6.67° 8.80+0.77 ° 112.76 <0.01*

* =p < 0.01, The mean difference is significant at 1% level; SD — Standard deviation; * b Means

Table 2: Comparing the heavy metal analysis in the gill of yellow foot clams with international
standards

. Present study - mean values
::?;I)g l(:n'? C/)k ) e (mg/kg) Inference
gdg Sitel Site2 | Site3
Cadmium | 1 135 101 |o0go |Ste 1 and 2 above
permissible limit
Chromium | 0.2 4.99 413|015 |Ste 1 and 2 above
permissible limit
Copper 30 453 271 153 llbi\rlriitsnes below permissible
Lead 1 11.56 168 |o007 |ote 1 and 2 above
permissible limit
Zinc 40 79.33 2177 8.80 ﬁ:;eit 1 above permissible

within rows with differing subscripts are significantly different using Fisher’s LSD post hoc test.

Comparison of heavy metal analysis in the gills of clams with international standards (FAO, 2012) is
shown in table 2. The maximum permissible limit of Cadmium in fresh water clams according to FAO is
1 mg/kg. Gills of selected clams from site 1 and 2 with their mean values 1.35 mg/kg and 1.01 mg/kg
were above the prescribed limit of international standard limit. At site 3 the mean value was 0.00 which
was below the limit. For Chromium, the allowable limit is 0.2 mg/kg. Site 1 and 2 with their respective
mean values 4.99 mg/kg and 4.13 mg/kg respectively, were found to be much greater than the FAO
prescribed limit. For site 3 the value was 0.15 mg/kg which was below the limit. The maximum
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permissible limit of Copper in fresh water clams according to FAO is 30 mg/kg and gill of three study
sites were safe with respect to this limit. The mean values of gill were 4.53 mg/kg, 2.71 mg/kg and 1.53
mg/kg for site 1, 2 and 3 respectively. The maximum allowable limit for Lead is 1 mg/kg. Site 1 with a
mean value of 11.56 mg/kg and site 2 with a mean value of 1.68 mg/kg were found to be beyond this
limit. Site 3 with a mean value of 0.07 mg/kg is found to be below the limit. The permissible limit for
Zinc is 40 mg/kg and the gill sample of site 1 with a mean value of 79.33 mg/kg exceeds the limit. The
mean values for site 2 and 3 were 21.77 mg/kg and 8.80 mg/kg respectively which were below the limit.
Metals which are essential for the growth and metabolism of the aquatic organisms become toxic to the
body when exceeds a specific limit (Authman et al., 2015). In the present study the order of accumulation
of heavy metals in the gill of yellow foot clams from site 1 is Zn (79.33 mg/kg) > Pb (11.56 mg/kg) > Cr
(4.99 mg/kg) > Cu (4.53 mg/kg) > Cd 1.35 mg/kg). With respect to site 2 the order is Zn (21.77 mg/kg) >
Cr (4.13 mg/kg) > Cu (2.71 mg/kg) > Pb (1.68 mg/kg) > Cd (1.01 mg/kg). The order of heavy metal
accumulation of site 3 is Zn (8.80 mg/kg) > Cu (1.53 mg/kg) > Cr (0.15 mg/kg) > Pb (0.07 mg/kg) > Cd
(0.008 mg/kg). Study confirms that gills of clams from site 1 and 2 were found to bioaccumulated with
heavy metals when compared with the reference site (site 3). Similar results with heavy metal
accumulation have been reported in tissues of mangrove crab, collected from polluted sites of Ashtamudi
Lake (Remadevi and Abdul, 1995). Bioaccumulation status of heavy metals in different fish species such
as Liza parsia (Razeena, 2014), Etroplus suratensis (Geetha, 1997), Scylla serrata (Ramadevi and Abdul,
1995) and Paphia malabarica(Wilfred, 1993) collected from the polluted regions of Ashtamudi Lake
further supports the result of the present study.

Investigation under Scanning Electron Microscope (SEM) revealed that gill structure ofclams from site 3
are composed of interlamellar and interfilamentous junctions (Figure 1). The entire gill has the
appearance of a perforated, leaf like organ (Figure 2). Several predominant histological alterations has
been noticed in the gill of P. malabarica collected from site 1 and 2 while viewing through SEM. Fibrous
growth like observation (Figure 3), clubbing and fusion of gill (Figure 4) degeneration, necrosis, atrophy
(Figure 5) and accumulation of heavy metal deposition (Figure 6) were clearly observed on the surface of
gill lamellae collected from site 1. Extensive necrosis, fusion of gill lamellae (Figure 7), curling of the tip
of gill lamellae (Figure 8), splitting of gill lamellae, abnormal gill morphology (Figure 9), oedematic
surface and fibrous growth like observation (Figure 10) were the predominant histological alterations
observed on the gill lamellae from site 2.

11 50 10fPa & 3 11 50 10Pa

Figure 3: Gill of P. malabarica from site 1 Figure 4: Gill of P. malabarica from site 1
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Figure 5: Gill of P.malabarica from site 1
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Figure 9: Gill of P.malabarica from site 2 Figure 10: Gill of P.malabarica from site 2

ILJ — Interlamellar Junction; IFJ — Inter Filamentous Junction; FG — Fibrous Growth; FGL — Fusion of
Gill Lamellae; CGL — Clubbing of Gill Lamellae; A - Atrophy; D- Degeneration; N- Necrosis; HMD —
Heavy Metal Deposition; N — Necrosis; FGL — Fusion of Gill Lamellae; AGL — Abnormal Gill Lamellae;
CuGL — Curly Gill Lamellae; SGL — Splitting of Gill Lamellae; O — Oedema; FG — Fibrous Growth

Gill structure of Paphiamalabarica collected from site 3 revealed a normal structure of eulamellibranch
gill. While the observation on the gills from site 1 and 2 revealed abnormal morphology. Previous reports
revealed significant morphological alterations in the gills and fins of Penaeus monodon collected from
polluted regions of Ashtamudi Lake due to different kinds of aquatic pollutants, especially heavy metals
(Sherly et al., 2015). Chronic changes in the normal gill structure such as oedema, lifting of lamellar
epithelia, lamellar degeneration and necrotic changes noticed in previous reports in the gills of different
fresh water fishes due to exposure of different heavy metals (Bhavan and Geraldine; 2000; Selvanathan,
2013; Ahmed et al., 2014; Chavan and Mulay, 2014; Authman et al., 2015) further stabilizes the result of
the present study.

CONCLUSION

The results of the present study revealed that the gills of yellow foot clams collected from site 1 and 2 are
more contaminated with heavy metals, compared with reference site (site 3). Anthropogenic influences
are seemed to the main sources of pollution of site 1 and 2. With respect to sites the decreasing order of
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heavy metal accumulation is sitel < site2 < site3. Bioaccumulation of heavy metals in turn alters and
impairs the nutritional status of short neck yellow clams. The results clearly indicates the fact that
molluscs inhabiting in the polluted regions are more prone to serious stress condition which is reflected
from the alterations in their histological architecture. If the bioaccumulation of heavy metals occurs in an
increasing proportion in the tissues of organisms it will further results in the deterioration of the
organisms. Likewise yellow foot clams other organisms inhabiting the Lake has an equal chance for the
accumulation of heavy metals in their tissues. These will in turn pave way for the deterioration of the
aquatic organisms inhabiting the Lake. Stringent and immediate necessary actions should be taken up by
the responsible authorities in order to safeguard the aquatic organisms and thereby the protection of
Ashtamudi Lake as a whole from severe pollution.
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