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ABSTRACT 
 
 The study was devised in an attempt to monitor the quality of water in the coastal area of Chennai owing to 
the pollution caused by harbour activities ,agricultural contaminants and domestic  sewage. The mollusc Perna 
viridis which naturally occurs in these coastal waters was used as the specimen for analysis. Histopathological 
examination of the gill tissues using Transmission electron microscopy was the prime focus of research. The 
various anamolies observed in the gills of coastal specimens as compared to their off-shore counterparts were 
Rickettsiae like organisms (RLO), alteration of nuclear shape, disallignment of frontal cilia and Inclusion 
bodies(Ib) and prevalence of lipid granules. The observed pathological changes could serve as tools in pollution 
monitoring programs along the coastal region and also  in charecterization of tissue changes due to xenobiotic 
exposure. 
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Introduction 
 
 Marine habitat represents the largest aquatic ecosystem including various abiotic and biotic characteristics. 
Coastal areas extending from the shore edge constitute about 10% of the area of the ocean, while open sea 
constitutes the remaining area (Svendrup et al., 1942). Coastal areas gain much significance as they promote the 
growth of commercially important aquatic organisms and have been considered as biologically productive and 
economically important zones of the sea (Barnes, 1977; Dult, 1987). Nearly 90% of the world's aquaculture 
production is confined to the coastal zones (Szekely, 1985).  
 Indian coastal waters are subjected to considerable pressure from sewage and industrial wastes, which are 
responsible for the contamination of the waters with consequent loss in biodiversity. 
 Monitoring methods adopted so far have helped in documenting the level of contaminants in water 
,sediments and biota, but not the interaction of these pollutants with living organisms. Exposure of animals to 
xenobiotics brings disturbances in metabolic function, activating detoxifying enzymes and the antioxidant 
system, as also damage to genetic material. This could be used as potential biomarker to measure pollution 
stress in animals. While extensive work on biomarker research is being undertaken in several parts of the world, 
such studies are yet to receive sufficient attention in India. Marine bivalves such as clams, Mytelid mussel and 
oysters, which represent the entire Indian coast and are sentinel species, are considered to be the best organisms 
for such studies.  
 Coastal and estuarine waters which are considered as most biologically productive and economically important 
areas of the ocean, often undergo short or long term variations in their environmental characteristics. Domestic, 
industrial and agricultural wastes which enter the sea as pollutants may impair the sea water quality and may cause 
deleterious effects on the marine environment, harm living resources, affect human health and hinder marine 
activities including fishing. 
 Animals in poor environmental condition or in polluted waters are considered to be under stress. Bayne (1975a) 
defined stress as a measurable alteration of a physiological or behavioral, biochemical or cytological steady state 
which is induced by an environmental change and which renders the individual or the population more vulnerable to 
further change. The above stress not only may have a direct bearing in reducing the overall biodiversity but could 
affect the growth, density and distribution of a single species which is biologically and economically important. 
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Moreover it may lead to the dominance of tolerant varieties, thus affecting the catch both qualitatively and 
quantitatively. 
 Most animals exhibit a variety of physiological compensatory mechanisms which alter metabolic strategies 
towards the deliverance of oxygen to the cells to sustain the animal during environmental hypoxia or anoxia 
conditions (Mathew and Damodaran, 1977). 
 Among invertebrates next to crustaceans, molluscs are considered as another item of edible form, suitable for 
mariculture. Mussels (Class: Pelecypoda) have been the subject of considerable interest as they serve to be model 
systems in diverse areas of research of ecological and economic importance. Their geographical distribution is 
world-wide and they are the dominant organisms in many littoral and shallow sublittoral ecosystems including rocky 
and sediment shores on open coasts and in estuaries and marshy areas leading a sessile and filter feeding life. 
Mussels belonging to the class Pelecypoda are of both ecological and economic value. Their mode of nutrition by 
filter feeding and their settlement in coastal zones help to assess the ecological abuse by pollutants. In recent years 
their nutritional value has also been realised (Rivonker and Parulekar, 1995).  
 The coastal zone at Royapuram (North Chennai) is also polluted by harbour activities, oil spillage, hydrocarbon 
of petroleum products, agricultural and industrial disposal and domestic sewage wastes. Research investigations are 
pertinent in coastal zones considering the above magnitude of pollution load of diverse categories, and the 
importance of commercially important and edible species of mussels.  
 The present study on this species of mussel was proposed to delineate the impact of pollution factor. As the 
study on this species distribution revealed their occurrence in two different zones viz., 1) near the coast and 2) off the 
coast viz., one Kilometer away from the coast, the present study was proposed to bring to light the differences 
between these two categories, i.e., species occurring in pollution free and species occurring in pollution prone zone 
on ultrastructural parameters, with a view to obtain information on the species growth, development and food value. 
                                        
Materials and method 
 
Description of The Shore: 
 
 The Royapuram coastal zone is located in Latitude 135N, and Longitude 8018E and about 2 km north of the 
Chennai harbour. The coastal zone at Royapuram is polluted by harbour activities, agricultural contaminants and 
domestic sewage inlets. The rocky shoreline along with boulders serves for the attachment of these mussels for 
sessile filter feeding habitat. Hence this point is taken for study as the polluted zone and the mussels procured from 
this area are considered as the polluted group ( Station 2). The location one kilometer offshore from the coastline is 
considered as un-polluted zone and specimens collected from here are taken as control group (Station 1).(Figure 1). 
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Fig. 1: 
Animal Collection And Acclimation: 
 
 Live specimens of the green mussel Perna  viridis were hand picked from submerged rocky areas at a depth of 
three meters from the surface water  for the study. Animals collected one kilometer away from the shoreline (Station 
1) were considered as the control viz., unpolluted group; while animals collected from the shoreline (Station 2) were 
considered as the polluted group. The individual animals were separated from clumps ,cleaned off the epibiotic  
growths and transported to the laboratory. Animals measuring about 90-100 mm in length were selected for the 
study irrespective of sex. 
 The animals being sessile settlers, the stress due to transportation was minimally expected. The collected 
animals were kept in the same water taken from the site of collection in plastic containers. Sufficiently large volume 
of water (20 L/10 individuals) was taken to prevent the decrease in dissolved oxygen content. The containers with 
samples were immediately brought  to the laboratory . The water from the sample collection site was  filled  in 
empty plastic containers and brought to the laboratory in order to maintain the animals for a few hours in the case of 
polluted group. 
 The control/unpolluted animals collected one kilometer away (off shore) from the shoreline  in the rocky 
surface submerged under water were transported in separate plastic containers. In the laboratory these mussels were 
maintained in plastic troughs of 20 litres capacity with five mussels each in well aerated unfiltered respective natural 
habitat sea water. Water was changed every six hours upto forty-eight hours to remove the pseudofaeces. Unpolluted 
water brought from the same area where the animals were collected was maintained as stock in the laboratory for use 
throughout the period of study. The water in the container was replaced  every  2 days (48 hours) . All the 
experiments were carried out at the end of 2 days (48 hours) of specimen collection. 
 During the period of acclimation, the  mussels with complete inactivation of adductor muscles and mantle 
activity  were considered as dead and removed from the experimental set up . Minimum of twelve agile mussels 
were taken for biochemical studies. 
 
Transmission Electron Microscopy: 
 
 Samples for transmission electron microscopy were  washed once in phosphate-buffered saline (PBS) with 
1 mmol/L MgCl2, 0.5 mmol/L CaCl2, then fixed overnight at 4°C in 2.5% glutaraldehyde in PBS. Samples 
were washed three times with PBS then postfixed in 1% OsO4, 1% KFe(CN)6 in PBS for 1 hour at room 
temperature. Samples were washed three times in PBS, then dehydrated through graded series (30 to 100%) of 
ethanol. After three changes of 100% ethanol, samples were infiltrated with several changes of Polybed 812 
resin (Polysciences, Warrington, PA) at room temperature, with a change overnight at 4°C. Thick sections (300 
_m), obtained using a Reichert (Vienna, Austria) ultramicrotome fitted with a diamond knife, were heated onto 
glass slides, stained with 1% Toluidine blue, and rinsed with water. Ultrathin sections (60 nm) were collected on 
Formvar- coated (Fullam, Schenectady, NY) grids and stained with 2% uranyl acetate in 50% methanol for 10 
minutes, then 1% lead citrate for 7 minutes. Sections were analyzed and photographed on a JEOL JEM 1210 
transmission electron microscope at 80 kV. 
 
 Results and discussion 
 
 Mytilid mussels have been used extensively in marine pollution monitoring programmes in temperate regions of 
the world although widespread subtropical representatives such as P.viridis have only been recently utilized to 
monitor the sublethal effects of pollution in India. P.viridis  has considerable potential for pollution monitoring 
throughout it’s geographical range. This paper is an attempt to assess the biomarkers and provide information to 
monitor coastal pollution in India. 
 A large volume of literature iis available on lethal effects of pollutants and dispersants but little progress has 
been made towards elucidating the toxic mode of action of these chemicals, nor to understanding what effects they 
exert when present in sublethal  concentrations .Since the gills of aquatic animals are generally the most delicate of 
the epithelia exposed to the environment, it’s likely that they will be most prone to damage by pollutants. 
 The gills of of specimens  collected from the unpolluted zone showed normal gill architecture and exhibited no 
signs or symptoms of gill damage (Figure 2a and 2b). 
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Fig. 2a and 2b: Transmission Electron Micrograph of gill of Perna viridis. 
  (a) Gill of control group showing normal structure - 3000 X. 
  (b) Gill of control group showing frontal cilia intact; large lipid granules; and fewer inclusions - 

4500 X. 
  LG - Lipid granule  N - Nucleus  
  LY - Lysosome  IN - Inclusion  
 
 The gills of specimens collected from the polluted zone showed gills heavily infected with bacteria (Rickettsia 
like organisms) or RLO(Figure 3a and 3b). Inclusion bodies(Ib) of membrane bound colonies of microorganisms 
with a prokaryotic morphology were observed(Figure 4a and 4b). Mostly only 1 Ib was detected within infected 
cells however multiple Ib’s  were also detected in some cases. The microorganisms were rod shaped and about 200 
to 300 nm in length and 100nm in diameter surrounded by an envelope of membranes.  
 Since the first report of a rickettsiae like  infection in the marine mollusc  Mya arenaria (Harshbarger et 
al.1977), numerous prokaryotes related to the rickettsiales ,chlamydiales and to the mycoplasmas have been 
described from various marine   invertebrates.During the past several years reviews have contributed to the 
knowledge about these organisms(Laukner 1983,Fries and Grant 1991,Chiou Ming Wen et al.1994).In mussels 
,cases of infections of parasites belonging to these groups of organisms were reported in Mytilus edulis and 
M.californianus from the United States by Yevich&Barszcz(1980)and in M.edulis and M.galloprovincialis from 
Spain by  Robledo et al.(1994). 
 According to it’s morphological features the prokaryote found in the gill cells of the mussels P.viridis might be 
related to order rickettsiales. Also it’s ability  to produce membrane bound cytoplasmic vacuoles in an invertebrate 
host , this microorganism could be  considered closely related to the wolbachiae.  
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Fig. 3a and3b: Transmission Electron Micrograph of gill of Perna viridis. 
  (a) Gill of polluted group showing altered and abnormal structure. Infection by bacterial colonies 

was observed - 3000 X. 
  (b) Gill of polluted group showing rickettsia like organisms - 20000 X. 
  RC- Rickettsia like organisms with inclusions 
  B- Bacterial colonies  
 
 Secondly lipid granules with large inclusions were observed in the gills of specimens from polluted zone 
(Figure 5a and 5b). Various contaminants  such as hydrocarbons and organochlorines stimulate the formation of 
autophagic vacuoles and processes indicating an increased turnover of cellular components(Nott and Moore 1987).In 
the present study lipid granules with large inclusions were observed inside the gill cells of P.viridis .Enhanced 
autophagy and overloading of lysosomes by non digestible materials such as crystalline inclusions is indicative of 
lysosomal disorders induced lysomothrophic chemicals(Schneider et al.1997). Accumulation of phospholipids as 
whorled arrays or lamellar myelin-like structures in lysosomes is a lipid storage disorder which has been reported to 
be induced by cationic amphiphilic substances(Sawada et al.2004). 
 The detection of the contaminants in association to the cellular and subcellular compartments such as 
lysosomes, nuclei  and various transport vesicles of gill might explain most of the observed ultrastuctural 
histopathological alteration. 
 The results clearly indicate that cytopathology is a valuable tool for identifying subcellular changes caused by 
contaminants and description of potential pathological effects at their target sites. 
 Systematic microscopic observation of tissues revealed the misalignment of frontal cilia in the gills of 
organisms under observation from the polluted zone. The frontal cilia were disalligned in comparison to the normal 
gill architecture of the control samples. Similar lesions have been reported in mussels exposed to sublethal thermal 
stress (Gonzales and Yevich  1976), to N-nitrosodimethylamine (Rasmussen 1982) and to copper and cadmium 
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exposure (Sunila 1986).This apparent non specificity indicates that the gills are particularly sensitive organs in 
mussels. 

 
Fig. 4a and 4b: Transmission Electron Micrograph of gill of Perna viridis. 
  (a) Gill filaments of polluted group showing frontal cilia of the epithelial cells shattered - 1500 X. 
  (b) Gill filaments of polluted group showing lysosomes and bacterial colonies along with 

inclusions - 4500 X. 
  IN- Inclusion  
  BI- Bacterial colonies along with inclusion 
  LY- Lysosome 
  B- Bacterial colonies. 
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Fig. 5a and 5b: Transmission Electron Micrograph of gill of Perna viridis. 
  (a) Gill filaments of polluted group showing altered nucleus shape; disturbed cell wall; and 

inclusions were seen - 4500 X. 
  (b) Gill filament of polluted group showing large lipid granules and inclusions - 20000 X. 
  IN- Inclusion   GR - Golgi region 
  CM- Cell membrane   M  - Mitochondria 
  LY- Lysosome   LG - Lipid granule 
 
 The other major histopathological alteration observed in the gills of specimens collected from the polluted zone 
were the alteration of the shape of nucleus. The nuclei lost their ovoid shape and the nuclear membrane was irregular 
with ridges lacking a smooth surface. 
 Various authors (Hooftman and Raat,1982; Ayllon  and Garcia-Vazquez, 2000) have suggested that variations 
in the shape of nucleus could represent an alternative approach for detecting genotoxicity. Inspite of the fact that a 
correlation between nuclear abnormalities and genotoxic effects has not yet been established, preliminary 
observations strongly suggest  that such morphological alterations could be a manifestation of the effects of 
xenobiotics. 
 It could be concluded from this observation that the environmental quality is probably inducing the change in 
shape of the nucleus detected in P.viridis. In a broad view, these cytogenotoxic effects may ultimately induce 
physiological damage and increasing levels of mutation neoplasia in this species , leading to an ecological 
imbalance.   
 It has been widely reported that mussel feeding activity increases water clarity and enhances the growth of 
aquatic plants attached to the ocean surface as more sunlight penetrates deeper moreover mussel feeding activity also 
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improves phytoplankton assemblage. Owing to the fact that gills facilitate filter feeding in bivalve mollusks 
pathological anamolies in the gills may cause considerable reduction or impairment of their normal feeding process. 
Even though the consequence of such alterations may not be so severe or catastrophic to the marine ecosystem they 
do cause imbalance to the natural ecosystem. Oily discharges from ballast water and bilge water during routine ship 
operations and illegal dumping of solid waste pose serious threat to the marine ecosystem .Corrective measures  
which would be costly and time intensive and preventive measures which require attitude change are valuable tools 
to marine ecosystem redemption. 
  As a conclusion the study proves that non-parasitic tissue abnormalities are caused by chemical contamination. 
In order to devise a method for selection of pathological indicators of pollution, this histopathological analysis of 
tissue modification may not completely fulfill the general criteria required in pollution monitoring procedures as it is 
difficult to derive a smooth dose response relation based entirely on the presence or absence of histopathological 
changes. This brings out the need for standard histological procedures to be undertaken at par with other types of 
cellular investigations such as quantitative histology and cellular biochemistry. Despite need for improvisation 
,standard histology has shown it’s utility here for charecterization of tissue changes due to xenobiotic exposure. 
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