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Investigations on distribution of heavy metals in water, sediment, plankton and fish (Mugil cephalus) was studied in Thane 
cyclone affected areas (Pondicherry, Cuddalore, Nagappattinam) and un­affected area (Mimisal). Accumulation rate of heavy metals was 
noticed in the order of Sediment > Water > Plankton > Fish. In water, the metal distribution order was found to be high in the order of 
Nagapattinam > Mimisal > Cuddalore > Pondicherry. Iron as dominant metal (28.91µg/l) at Mimisal and cadmium as least recorded 
metal (0.75µg/l). In sediments, the order was Cuddalore > Pondicherry > Nagappattinam > Mimisal. The zinc noticed as a dominant 
metal with 10.79µg/g at Cuddalore and cadmium minimum (0.59µg/g) found in Pondicherry. The area wise metal distribution in plankton 
were Pondicherry > Nagappattinam > Cuddalore > Mimisal with cadmium minimum (0.79µg/g) recorded at Pondicherry and zinc 
maximum (58.54µg/g) at Cuddalore. While for fish the order of metal accumulation was Mimisal > Pondicherry > Nagappattinam > 
Cuddalore with a maximum accumulation (23.02µg/g) of zinc at Mimisal and minimum (0.70µg/g) of cadmium at Cuddalore.  

 [Keywords: Thane cyclone, Metal, Plankton, Fish, South east coast of India] 

Introduction 
Marine fishes are serving as chief protein 

sources which need to be protected from smear by 
heavy metals which are potentially toxic to the 
consumer. Numbers of studies illuminating the 
bioaccumulation of heavy metals by oysters, clams, 
crabs, shrimps, fish and plankton in near­shore 
environments have been studied by several workers1­9. 
The metal contaminants in aquatic systems usually 
remain either in soluble or suspension form and 
finally tend to settle down to the bottom and are taken 
up by all the organisms. The progressive and 
irreversible accumulation of these metals in various 
organs of marine creatures leads to various diseases in 
the long run because of their toxicity, thereby 
endangering the aquatic biota and other organisms10, 

11. Fishes being one of the main aquatic organisms in 
the food chain may often accumulate large amounts of 
certain metals such as zinc, cadmium, copper, lead, 
nickel, cobalt and sodium dichromate12. Directly 
acting or synergistically acting metals like Iron (Fe), 
Zinc (Zn), Lead (Pb), Cadmium (Cd) and Copper 
(Cu) are common toxic pollutants for fish9. Normally, 
fishes assimilate these heavy metals through ingestion 
of suspended particulates, food materials and /or by 
constant ion­exchange process of dissolved metals 

across lipophilic membranes like the gills/adsorption 
of dissolved metals on tissue and membrane surfaces.  
Some of these metals, such as Cd and Pb, are toxic to 
living organisms even at quite low concentrations, 
whereas others, such as Zn and Cu, are biologically 
essential and natural constituents of aquatic 
ecosystems, and generally become toxic at very high 
concentrations viz., Zn ­60 µg/g and Cu – 10 µg/g13. 
Being non biodegradable like many organic 
pollutants, metals can be concentrated along the food 
chain, producing their toxic effects at points often far 
away from the source of the pollution14. 
Accumulation of heavy metals in the food web can 
occur either by accumulation from the surrounding 
medium, such as water or sediment, or by 
bioaccumulation from the food source15. Aquatic 
organisms have been widely used in biological 
monitoring and assessment of safe environmental 
levels of heavy metals. Further, the Thane cyclone 
that struck the Indian coasts on 29th December 2011 
with the speed of more than 165 km/hr has caused 
considerable changes in the marine ecosystem by 
polluting the environment with high turbidity and also 
breaken the coastal vegetations16. With this view, the 
present study is aimed to determine the impact of 
Thane cyclone on the distribution of heavy metals in 
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water, sediment, plankton and fishes (Mugil cephalus) 
in selected affected areas such as Pondicherry, 
Cuddalore and Nagapattinam and compared the data’s 
with Thane cyclone non affected area Mimisal which 
is located in the eastern zone of the Bay of Bengal 
during January to June 2012. Mimisal located at Palk 
Bay region of the Southeast coast of India.  No Thane 
cyclone struck the Mimisal coastal zone17. 

 
Materials and Methods 

The sampling sites are shown in the Fig. 1. 
The study area’s are Pondicherry [Lat. 11°55’N; 
Long. 79°50’E], Cuddalore [Lat. 11°43’ N; Long. 
79°49’ E], Nagapattinam [10°45’ N; Long. 79°51’ E] 
and Mimisal [Lat. 9o 51’ N Long. 79o 7’ E]. Among 
these four sampling areas, Pondicherry, Cuddalore 
and Nagapattinam are severely affected by Thane 
cyclone on 29th December 2011 where as Mimisal 
was unaffected area.  

 

 
Fig.1. Study area 

The water, sediment, plankton and fish 
samples were collected from the 4 sampling stations 
(Pondicherry, Cuddalore, Nagapattinam and Mimisal) 
for the period of six months from January to June 
2012. Two litre of surface water samples were 
collected in pre cleaned and acid washed 
polypropylene bottles and they were filtered through 
GF/C filter paper [mesh size 0.45μm] using Millipore 
filtering apparatus. The samples were pre­
concentrated with APDC – MIBK extraction 
procedure18. The physico­chemical and nutrients were 

estimated following the method of Strickland and 
Parsons19. 

Sediment samples were collected in pre 
cleaned, acid washed PVC corer, transferred to clean 
polythene bags and transported to the laboratory. 
These samples were then washed with metal free 
double distilled water and oven dried at 150ºC for 5­6 
hr. The dried sample was ground to powder in a glass 
mortar and stored in pre­cleaned polythene bags. 
Analyses of metals was continued by digesting the 
250 mg of sediment samples with a mixture of 1 ml of 
Sulphuric acid (H2SO4), 5 ml conc. Nitric acid 
(HNO3) and 2 ml of conc. Perchloric acid (HClO4). 2 
ml of Hydrofluoric acid (HF) were added in order to 
achieve complete dissolution of the materials. The 
mixture was boiled, evaporated to near dryness and 
the resuspended in 10 ml 2 N HCl. This was passed 
through a filter paper and made up to 25 ml with 
metal free double distilled water. The resulting 
solution was then stored in polypropylene containers. 
Concentrations of Cu, Zn, Pb, Fe and Cd in the 
solution were determined by aspirating the solution to 
a standard Flame Atomic Absorption 
Spectrophotometer20. 

Heavy metals from plankton were extracted 
following the method of Ibrahim et al., 21. Plankton 
samples were collected with the aid of a plankton net 
(mesh size: 48μm) through horizontal hauls. The 
plankton samples were filtered through pre­weighed 
Whatman GF/C filter paper (1 µm) under mild 
vacuum. The filter paper was dried in desiccators, to 
constant weight and weight of the filter paper was 
determined using a balance with an accuracy of 0.01 
mg. Dry weight of the plankton was determined by 
subtracting the initial weight of filter paper from the 
final weight. Samples were heated in a mixture of 
concentrated sulfuric and nitric acid (1: 10, V/V) 
under reflux. After about 4 h of reflux the solution 
was cleared by the addition of 4 ml of hydrogen 
peroxide. The acidified samples were kept for 
analyses. 

Fresh specimens of fish (Mugil cephalus) 
were collected using cast and gill net in the respected 
study areas. The fish samples (90­270 mm total 
length) were washed and dissected using a stainless 
steel scalpel and the body muscle below the first 
dorsal fin was removed for the analysis of Zn, Cu, Fe, 
Pb and Cd22. The dissected portion of body muscle 
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tissues was dried in an oven at 110°C for 24 h. It was 
then weighed and subjected to acid digestion with 
conc. HNO3 and HClO4 (3:1 v/v) on a hot plate until a 
clear solution was obtained. The digested sample was 
then made up to 25 ml with metal free doubled 
distilled water and subjected to analysis.  

Statistical analyses 
Two­way ANOVA (Graphpad Prism­Ver 5.0) 

was employed to find the significant differences of 
heavy metal concentrations in water, sediment, 
plankton, and fish with regard to sites and seasons.  

Results and Discussion 

Water 
  Variation in the accumulation of Zn, Cu, Fe, Pb 
and Cd in water were recorded for four stations during 
January to June 2012 are shown in Table 1. In water, 
the accumulation of heavy metals among the four 
stations was observed in the order of Fe > Pb >Cu > 
Cd >Zn. Highest recorded value among heavy metals 
was obtained for Fe which varied from 7μg/l to 
99.5μg/l with an average value of 23.75μg/l and the 
lowest recorded value was seen in Zn which varied 
from 1.25μg/l to 5.25μg/l with an average value of 
3.14μg/l. The minimum concentrations of Fe were 
observed during April 2012 at Mimisal, Pondicherry 
and Cuddalore whereas at Nagappattinam it was 
noticed during February 2012. The maximum 
concentrations of Fe were observed during January 
2012 at Mimisal and Pondicherry and in May­2012 at 
Cuddalore and Nagappattinam. This variation in metal 
concentrations might be due to the presence of major 
sources of metal pollutants discharged from 
industries, intensive human activity and discharge of 
municipal waste 23. Among the metals analysed in 
water, Fe concentration showed elevated levels in all 
the stations with maximum at station 4 (Mimisal) 
which is non  cyclone affected area (Fig 2). This may 
be due to river inflow which might have carried metal 
pollutant from the catchment areas during the 
sampling time. However, after Thane cyclone 
(December­2011), the affected area have recorded 
high metal concentration (except copper) compared to 
Mimisal (Non­affected area). After January, the heavy 
metal concentration was found to decrease in the 
cyclone affected area which did not showed any 
significant variation (P > 0.05). This may be because 
of dilution of river water. Except zinc, all other metals 

(Cu, Fe, Pb and Cd) were recorded high in three 
stations (Thane hited areas) than non affected area 
(Mimisal). Decomposition of the organic matter 
remains is found to release heavy metals back to 
sediments; and this process might be responsible for 
the strong association of Zn and Cu with organic 
carbon24. Moreover, the variation in the metal 
concentration is due to the impact of natural disasters 
that caused large scale seawater inundation and the 
receding tidal waves carried into the sea, debris, 
anthropogenic wastes, adjacent terrestrial parts 
including plastic materials and domestic disposals 
from the near lands25.  

 
Fig.2. Heavy metal concentrations (μg/l) recorded in water 
samples along the Tamil Nadu coast 

 
Fig.3. Heavy metal concentrations (μg/g) recorded in sediment 
samples along the Tamil Nadu coast 

 
Sediment 

In sediments, the distribution of heavy metals 
was found in the order of Zn (8.85 µg/g) > Fe (3.62 
µg/g) > Pb (3.19 µg/g) > Cu (1.01 µg/g) > Cd (0.7 
µg/g).  Among the metals studied, the zinc was almost 
high and cadmium being the lowest in all the stations. 
Lowest concentration of zinc (4.75µg/g) was noticed 
during January, 2012 in Pondicherry and highest 
concentration was observed (19.5µg/g) during 
February, 2012 at Cuddalore with an average value of 
8.85µg/g. The cadmium values were ranged from 0.25 
to 1.13µg/g with an average value of 0.7µg/g.  
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The lowest concentration was recorded at 
Pondicherry (June­2012) and Mimisal (February­
2012). The heavy metal was found high in cyclone 
affected area than non affected area could be 
attributed to the continuous stirring of sediments by 
the high speed of natural tidal actions26. 

Plankton 
Assessment of heavy metal concentrations in 

plankton is very important because plankton is often 
the main diet for many predators and may contribute 
to the transfer of heavy metals to higher tropic 
levels27. Mean concentrations of heavy metals in 
plankton are shown in Fig. 4.  

 
Fig.4. Heavy metal concentrations (μg/g) recorded in plankton 
samples along the Tamil Nadu coast 

The distribution of heavy metals (mean 
values) in plankton sample with respect to areas were 
found in the following order. Lead: Pondicherry > 
Mimisal > Cuddalore > Nagappattinam; Iron: 
Nagappattinam > Mimisal > Pondicherry > 
Cuddalore; Zinc: Cuddalore > Nagappattinam > 
Pondicherry > Mimisal; Copper: Pondicherry > 
Mimisal > Cuddalore > Nagappattinam; Cadmium: 
Cuddalore > Nagappattinam > Mimisal > 
Pondicherry. From these results, it is clear that the 
highest metal concentration of 58.54µg/g was 
contributed by zinc recorded from the Cuddalore.  
Whereas the, lowest metal concentration was 
0.79µg/g contributed by cadmium from the 
Pondicherry. The results were explained that the 
Thane affected area showed higher metal distribution 
compared to non­affected area (Mimisal).  

The results indicated that Cu, Cd, Fe and Pb 
concentrations in plankton were much lower than 
those of water and higher than the sediments. But Zn 
concentration was noticed enormously in plankton 
compared to water and sediment.  

 

This may be related to the large surface area 
of planktonic organisms (phyto­ and zooplankton) in 
relation to their mass unit, and their active metabolism 
leading to rapid adsorption of metals like zinc. The 
previous worker is reported some algal species protect 
themselves by trapping and accumulating pollutants 
(e.g. metals) in their polysaccharide cell walls28. The 
order of abundance of metals in plankton was Zn > Pb 
> Fe > Cu > Cd. This corresponds to the same order 
of abundance of these metals in sediment, which 
supports the hypothesis that sediment is an important 
source of plankton contamination. Bhanasway et al.,27  
have reported that the water is a main source of 
plankton contamination. But, in the present 
investigation, sediment reported higher metals in 
cyclone hitted areas which maybe turbulated due to 
high wave and current action during the cyclone. The 
concentration of heavy metals in plankton has been 
reported to depend leading several factors, such as the 
productivity of the body of water, the physico­
chemical properties of the water, quantitative and 
qualitative composition of phyto and zooplankton, the 
capacity of heavy metal absorbance, and the 
season29.The recorded concentrations of heavy metals 
in plankton are shown in Table 3. 

Fish: 
 The accumulation of heavy metals was found high 
in cyclone struck area except zinc and copper, which 
followed the accumulation order of Zn > Fe > Pb > 
Cu > Cd. The distribution order was found similar in 
non­affected area too. But, variation in metals 
concentration between four stations is differing from 
metals to metals. Among the metals analysed, the lead 
and cadmium were high in cyclone affected areas 
whereas the iron, zinc and copper was high in non 
affected area (Mimisal). The highest concentration 
was contributed by Pb (7.75µg/g) followed by Fe 
(22.58µg/g), Zn (23.21µg/g), Cu (2.63µg/g) and Cd 
(1.04µg/g). 

 
Fig.5. Heavy metal concentrations (μg/g) recorded in fish samples 
along the Tamil Nadu coast 
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Table 1: Heavy metals concentration (μg/l) in water samples collected from Thane cyclone affected and non­affected areas from January – June 2012. 

Metals Lead  Iron  Zinc  Copper  Cadmium 
Stations 1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4 

M
on

th
s 

January 6.2 11.7 13.7 8.5  30.2 47.2 18.2 11.2  3.5 2.7 3.5 3.2  3.0 22.7 23.0 23.5  1.0 1.0 23.0 1.00 
February 2.7 5.0 8.2 9.2  12.2 13.7 34.7 9.25  2.2 3.5 3.2 2.7  4.5 25.2 12.5 5.50  0.7 1.0 12.5 1.05 
March 6.0 7.5 8.0 7.0  15.5 20.0 22.2 28.7  2.7 2.5 3.5 3.0  4.0 14.0 15.0 17.2  1.0 0.7 15.0 0.75 
April 8.0 4.5 7.5 9.0  13.5 11.5 7.00 9.50  3.2 1.7 2.2 2.0  2.7 19.0 21.5 32.0  0.5 0.7 21.5 0.75 
May  8.2 4.0 3.2 3.0  7.00 16.0 69.7 99.5  2.2 1.2 5.2 3.7  1.2 1.25 5.00 21.0  0.5 0.5 5.00 0.75 
June 5.7 5.5 9.7 6.0  14.2 12.5 14.2 15.2  3.2 2.5 4.2 4.0  3.2 2.25 7.00 4.75  0.7 0.5 7.00 0.50 

A
N

O
V

A
 Factor Month Stations  Month Stations  Month Stations  Month Stations  Month Stations 

df 4 2  4 2  4 2  4 2  4 2 
F­ Value 3.08 2.09  3.38 1.16  1.55 3.32  2.67 0.40  1.08 15.57 
Significance 

P< 0.05 
0.05 0.18  0.06 0.36  1.55 3.32  0.11 0.68  0.42 0.001 

Table 2: Heavy metals concentration (μg/g) in sediment samples collected from Thane cyclone affected and non­affected areas from January – June 2012. 

Metals Lead  Iron  Zinc  Copper  Cadmium 
Stations 1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4 

M
o

nt
hs

 

January 1.7 3.00 3.2 0.2  2.5 2.7 4.7 4.5  06.5 19.5 11.0 5.7  1.5 1.2 1.7 0.2  0.7 1.1 0.8 1.0 
February 1.0 0.20 1.5 1.2  3.2 8.2 3.5 4.5  04.7 7.00 7.7 6.7  1.2 1.7 1.0 0.7  0.5 1.0 0.7 0.2 
March 2.5 05.7 2.5 5.0  3.2 4.0 3.2 3.2  09.5 07.5 8.0 6.5  0.7 1.5 0.9 0.5  0.8 1.0 0.7 0.7 
April 2.2 03.5 3.7 8.0  3.0 5.5 3.7 0.2  08.0 8.75 7.7 5.7  1.0 1.2 0.7 0.7  0.7 1.0 0.7 0.5 
May 3.2 06.7 1.0 0.5  2.7 1.2 2.5 3.0  13.0 9.75 6.5 7.0  1.0 1.5 1.0 0.5  0.5 0.7 0.6 0.7 
June 1.5 15.5 2.0 0.5  4.0 3.2 4.7 4.5  15.2 12.2 6.5 7.2  1.7 1.7 00 00  0.2 0.5 0.5 0.5 

A
N

O
V

A
 Factor Month Stations  Month Stations  Month Stations  Month Stations  Month Stations 

df 4 2  4 2  4 2  4 2  4 2 
F­ Value 0.72 1.47  1.31 0.74  0.51 3.70  1.54 17.15  1.48 3.71 
Significance
P< 0.05 

0.59 0.28  0.34 0.50  0.72 0.07  0.27 0.001  0.29 0.07 
Table 3: Heavy metals concentration (μg/g) in plankton samples collected from Thane cyclone affected and non­affected areas from January – June 2012. 

Metals Lead  Iron  Zinc  Copper  Cadmium 
Stations 1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4 

M
on

th
s 

January 18 0.7 3.5 3.5 1.7 0.7 37.5 23 53.7 64.0 56.2 50.0 25.5 5.5 3.5 24.7 1.0 1.11.0 1.0
February 10 3.2 1.5 5.7 2.2 3.2 5.5 03 52.0 61.2 55.0 49.5 10.2 4.2 1.7 0.7 1.0 1.01.0 0.7
March 03 2.5 2.0 5.0 2.7 2.5 5.5 03 50.7 58.5 54.5 47.7 08.7 2.5 1.5 6.0 1.0 0.81.0 0.7
April 50. 0.7 2.2 5.5 2.5 0.7 4.2 03 50.0 58.7 53.7 47.2 07.5 0.0 1.2 2.7 0.7 0.71.0 0.7
May 08 4.7 1.5 3.0 3.0 4.7 2.7 06 49.5 55.0 52.2 45.0 05.0 3.0 1.2 1.0 0.5 0.70.5 1.0
June 01 3.7 1.2 7.5 4.2 3.7 3.5 05 46.2 53.7 51.2 37.5 01.7 0.5 0.0 0.0 0.5 0.70.5 0.7

A
N

O
V

A
 Factor Month Stations  Month Stations  Month Stations  Month Stations  Month Stations 

df 4 2  4 2  4 2  4 2  4 2 
F­ Value 0.37 8.08  0.73 1.27  8.46 58.1  1.54 0.54  0.89 0.03 
Significance 
P< 0.05 

0.81 0.01 
 

0.59 0.32 
 

0.00 1.71 
 

0.27 0.60 
 

0.51 0.96 

Metals Lead  Iron  Zinc  Copper  Cadmium 
Stations 1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4  1 2 3 4 

M
o

nt
h

s 

January 08.2 5.5 9.5 8.5  22.2 5.5 31.0 18.5  23.5 07.0 21.7 21.2  2.0 0.7 2.5 3.0  1.2 1.2 1.5 1.0 
February 13.2 9.0 7.5 12  32.2 9.0 22.2 37.0  27.5 26.2 17.5 25.2  2.7 2.2 2.7 3.2  1.2 0.7 1.0 1.0 
March 07.7 6.7 6.5 7.5  21.7 6.7 19.7 23.0  23.0 17.7 18.0 25.0  2.2 2.0 2.0 3.5  1.0 0.7 1.1 1.0 
April 07.5 9.5 13 2.0  22.5 9.5 14.5 19.7  15.0 16.5 18.2 26.0  1.2 1.5 2.2 1.5  1.0 0.5 0.7 1.0 
May 05.0 5.7 6.0 4.5  14.5 5.7 2.50 21.0  14.7 22.5 15.7 25.7  1.0 1.2 2.2 2.5  1.0 0.5 0.7 0.7 
June 04.7 5.0 0.0 5.5  18.2 5.0 29.0 16.2  13.7 17.5 09.5 16.0  1.0 1.7 0.5 2.0  0.7 0.5 0.5 0.5 

A
N

O
V

A
 Factor Month Stations  Month Stations  Month Stations  Month Stations  Month Stations 

df 4 2  4 2  4 2  4 2  4 2 
F­ Value 1.32 0.06  1.27 6.53  3.87 9.18  2.58 2.48  9.18 8.27 
Significance
P< 0.05 

0.33 0.93  0.35 0.02  0.04 0.00  0.11 0.14  0.00 0.01 

 
1. Mimisal 2. Pondicherry 3. Cuddalore 4. Nagappattinam (Station ­1 Represented Non affected area; Stations – 2, 3 and 4 Represented 
Thane cyclone affected coastal areas). 

 

Table 4: Heavy metals concentration (μg/g) in fish (Mugil cephalus) collected from Thane cyclone affected and non­affected areas from January –June 2012 
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The high concentration of Zn and Fe in the fish 

could be associated with the fact that these metals are 
naturally abundant in Indian coastal soils and since 
the source of metal depositories is the aquatic 
system30. In comparison to the affected area, higher 
metal concentration of Cu, Zn and Fe recorded at non­
affected area (Mimisal).  The observed variability 
ofmetal levels depends on feeding habits31, ecological 

 

 
analysed and the results were given in the Table. 5 
and 6. The maximum concentration of water 
temperature (32ºC), dissolved oxygen (8.79 mg/l), 
biological oxygen demand (6.37 mg/l) were recorded 
in Cuddalore and maximum concentrations of 
phosphate (5.63µmol/l), nitrite (14.65µmol/l), nitrate 
 
 

needs, metabolism32, age, size and length of the fish33 

and their habitats34 and natural activity like Tsunami, 
cyclone etc.,26. The recorded mean Zn concentration 
was ranged from 16.80µg/g to 23.21µg/g in tissues of 
M. cephalus. These values are similar to those 
reported previously35­37. The concentrations of heavy 
metals in fish are shown in Table 4. 

In the present study, physico­chemical and 
nutrients characteristics of sea surface water were  

 
(20.92µmol/l) and ammonia (30.58µmol/l) were 
noticed in Nagappattinam. The reason behind this is 
rich discharges of agricultural and industrial wastes38. 
The maximum pH (8.20) and salinity (34 psu) was 
noticed in Mimisal and Pondicherry respectively. This 
might be due to high solar radiation, evaporation and 
less water mixing39. 

 

Table 5:  Monthly variations in physico­chemical parameters of the selected study areas. 
  Temperature (ºC)   pH   Salinity (psu)   DO (mg/l)   BOD (mg/l) 
  1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 
Mean 29.6 29.5 29.3 29.8 7.77 7.73 7.38 7.73 30.1 30.1 29.3 30.3 5.14 7.11 7.31 5.98 3.28 4.89 4.98 3.68 
Median 29.5 29.5 29.0 30.0 7.80 7.80 7.50 7.75 30.0 29.5 29.5 30.5 5.69 6.89 7.11 5.80 3.37 4.69 4.78 3.44 
Range 5.00 3.00 2.00 2.00 0.90 1.00 1.50 0.40 4.00 5.00 2.00 3.0 6.99 2.39 3.10 1.48 5.31 2.22 3.03 1.26 
Minimum 28.0 28.0 28.0 29.0 7.30 7.10 6.50 7.50 28.0 29.0 28.0 29.0 0.43 6.15 5.69 5.35 0.19 4.05 3.34 3.15 
Maximum 33.0 31.0 32.0 31.0 8.20 8.10 8.00 7.90 32.0 34.0 30.0 32.0 7.42 8.54 8.79 6.83 5.50 6.27 6.37 4.41 
Standard error 0.76 0.43 0.61 0.30 0.14 0.15 0.23 0.07 0.54 0.79 0.33 0.49 0.99 0.41 0.52 0.22 0.71 0.36 0.49 0.22 
99% confidence interval 3.06 1.73 2.48 1.20 0.55 0.60 0.91 0.27 2.19 3.19 1.34 1.99 3.98 1.65 2.09 0.88 2.88 1.45 1.99 0.88 
Variance 3.47 1.1 2.27 0.50 0.11 0.13 0.31 0.03 1.77 3.77 0.67 1.47 5.86 1.01 1.61 0.29 3.05 0.78 1.47 0.28 
Standard deviation 1.86 1.05 1.51 0.70 0.33 0.36 0.55 0.16 1.33 1.94 0.82 1.21 2.42 1.00 1.27 0.54 1.75 0.88 1.21 0.53 
Coefficient of variation 0.06 0.04 0.05 0.03 0.04 0.05 0.07 0.02 0.04 0.06 0.03 0.04 0.47 0.14 0.17 0.09 0.53 0.18 0.24 0.15 
Skew 1.28 000 1.27 0.31 ­0.20 ­1.17 ­0.76 ­0.38 ­0.44 2.12 ­0.86 0.08 ­1.92 0.47 0.18 0.76 ­1.02 0.72 0.04 0.77 
Kurtosis 1.85 ­0.25 1.53 ­0.10 ­1.05 1.34 ­0.20 ­1.48 1.34 4.68 ­0.30 ­1.55 4.36 ­1.89 ­1.66 ­0.19 2.49 ­0.89 ­1.44 ­1.73 
Kolmogorov­Smirnov stat 0.26 0.18 0.25 0.25 0.16 0.19 0.18 0.18 0.28 0.37 0.29 0.21 0.37 0.27 0.21 0.21 0.30 0.26 0.20 0.27 
Critical K­S stat, alpha=.01 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 

Phosphate (µ/mol/l) Nitrite (µ/mol/l) Nitrate (µ/mol/l) Silicate (µ/mol/l) Ammonia (µ/mol/l) 
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Mean 0.51 1.11 0.71 2.20 0.81 7.54 1.49 6.19 1.15 0.69 0.75 6.15 29.3 27.1 24.2 23.8 2.68 6.10 9.82 18.7 

Median 0.47 0.95 0.59 1.49 0.64 9.05 0.92 5.44 0.80 0.51 0.75 1.23 29.7 22.4 27.3 24.8 1.81 4.39 11.6 14.6 

Range 0.95 2.03 1.31 4.73 1.41 13.1 4.18 13.16 3.28 1.58 0.56 20.7 20.4 59.4 45.6 42.6 7.43 10.9 11.0 19.1 

Minimum 0.05 0.32 0.27 0.90 0.32 0.89 0.45 1.49 0.19 0.15 0.46 0.19 19.2 4.32 3.86 1.93 0.82 3.45 2.75 11.4 

Maximum 0.99 2.34 1.58 5.63 1.73 14.0 4.63 14.65 3.48 1.73 1.02 20.9 39.6 63.8 49.5 44.5 8.25 14.3 13.8 30.5 

Standard error 0.14 0.28 0.21 0.74 0.22 2.23 0.64 1.82 0.49 0.22 0.08 3.57 3.66 9.18 7.21 8.30 1.14 1.69 1.85 3.46 

99% confidence interval 0.55 1.14 0.84 2.97 0.91 9.01 2.57 7.34 1.97 0.90 0.34 14.3 14.7 37.0 29.0 33.4 4.58 6.82 7.45 13.9 

Variance 0.11 0.48 0.26 3.25 0.30 29.9 2.43 19.8 1.43 0.30 0.04 76.3 80.5 506 311 412 7.75 17.15 20.4 71.77 

Standard deviation 0.33 0.70 0.51 1.80 0.55 5.47 1.56 4.46 1.20 0.54 0.21 8.74 8.98 22.5 17.6 20.3 2.78 4.14 4.52 8.47 

Coefficient of variation 0.65 0.63 0.72 0.82 0.68 0.73 1.05 0.72 1.04 0.79 0.28 1.42 0.31 0.83 0.73 0.85 1.04 0.68 0.46 0.45 

Coefficient of Skewness 0.16 1.17 1.11 1.83 1.08 ­0.40 2.31 1.66 1.99 1.78 ­0.07 1.30 ­0.01 0.87 0.06 ­0.07 2.23 2.25 ­0.96 0.85 

Coefficient of Kurtosis ­0.22 1.91 0.69 3.31 0.24 ­1.81 5.49 3.72 4.29 3.89 ­1.12 0.16 ­2.82 ­0.03 ­0.90 ­2.77 5.17 5.17 ­0.87 ­1.74 

Kolmogorov­Smirnov stat 0.18 0.20 0.22 0.28 0.20 0.21 0.40 0.34 0.32 0.30 0.20 0.36 0.26 0.19 0.20 0.23 0.39 0.35 0.25 0.28 

Critical K­S stat, alpha=.01 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 
1.Mimisal 2. Pondicherry 3. Cuddalore  4. Ngappattinam  

Table 6:  Monthly variations in inorganic nutrients of selected areas. 
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Table7: Inter­relation between physico­chemical variables and heavy metals distribution in water, sediment, plankton and fish at   

Mimisal, Pondicherry, Cuddalore and Nagappattinam 
Mimisal  Pondicherry Cuddalore Nagappattinam 

Combination ‘r' value Significance ‘r' value Significance ‘r' value Significance ‘r' value Significance 
pH × Temperature - - 0.74 0.10 - - ­ ­ 
Salinity × Temperature 0.83 0.03 0.82 0.00 0.70 0.11 
BOD × pH ­ ­ 0.63 0.20 ­ ­ ­ ­ 
BOD × Salinity ­ ­ 0.81 0.10 ­ ­ ­ ­ 
DO × BOD ­ ­ 0.81 0.00 ­ ­ ­ ­ 
BOD × DO 0.97 7.88 ­0.73 0.15 0.99 3.09 0.97 0.00 
DO × Nitrite ­ ­ ­0.90 0.03 ­ ­ ­ ­ 
Nitrite × Temperature ­0.55 0.25 ­ ­ ­ ­ 0.82 0.04 
Nitrite × Salinity ­0.88 0.01 ­ ­ ­ ­ 0.72 0.10 
Nitrite × pH ­ ­ ­0.74 0.15 ­ ­ ­ ­ 
Phosphate × Temperature ­0.57 0.23 ­ ­ ­ ­ ­ ­ 
Phosphate × pH  ­0.52 0.28 ­0.63 0.25 ­ ­ ­0.69 0.12 
Silicate × Temperature ­ ­ ­ ­ ­0.71 0.11 ­ ­ 
Silicate × Salinity ­ ­ ­ ­ ­0.90 0.01 0.63 0.17 
BOD × Nitrite ­ ­ ­0.76 0.13 ­ ­ ­ ­ 
Nitrate × Temperature ­ ­ ­ ­ ­ ­ 0.54 0.25 
Nitrate × Salinity ­ ­ ­ ­ ­ ­ 0.61 0.19 
Nitrate × Phosphate ­ ­ ­ ­ ­0.75 0.08 ­ 
Nitrate × Silicate  ­ ­ 0.84 0.06 ­ ­ 0.60 0.19 
Ammonia × Temperature ­ ­ 0.90 0.03 ­ ­ 0.60 0.20 
Ammonia × pH 0.61 0.19 0.76 0.12 ­ ­ ­ ­ 
Ammonia × Salinity ­ ­ 0.94 0.02 ­ ­ ­ ­ 
Ammonia × DO ­ ­ 0.76 0.12 ­ ­ ­ ­ 
Ammonia × Nitrite ­ ­ 0.99 8.53 ­0.67 0.13 0.53 0.27 
Ammonia × Phosphate ­0.69 0.12 ­ ­ 0.56 0.24 ­ ­ 
WHM × pH ­0.67 0.14 ­ ­ ­ ­ ­ ­ 
WHM × Salinity ­0.59 0.21 ­ ­ ­ ­ ­ ­ 
WHM × Nitrite 0.50 0.30 ­0.64 0.23 ­ ­ ­ ­ 
WHM × Silicate ­0.62 0.18 ­ ­ ­ ­ ­ ­ 
WHM × Ammonia ­ ­ ­ ­ ­0.79 0.06 ­ ­ 
SHM × pH 0.55 0.25 0.59 0.28 ­ ­ ­ ­ 
SHM × Salinity 0.59 0.20 ­ ­ 0.62 0.18 0.87 0.02 
SHM × Temperature 0.87 0.02 ­ ­ ­ ­ ­ ­ 
SHM × Phosphate ­0.74 0.08 ­ ­ ­ ­ ­ ­ 
SHM × Nitrite ­ ­ ­ ­ 0.90 0.01 ­ ­ 
SHM × Silicate ­ ­ ­ ­ ­0.73 0.09 0.73 0.09 
SHM × WHM ­ ­ ­0.64 0.24 ­ ­ ­ ­ 
PHM × pH ­ ­ ­ ­ ­ ­ ­0.62 0.18 
PHM × Temperature ­0.58 0.22 ­ ­ ­ ­ ­ ­ 
PHM × Salinity ­0.80 0.02 ­ ­ ­ ­ ­ ­ 
PHM × Phosphate ­ ­ ­ ­ ­ ­ 0.97 8.73 
PHM × Nitrite 0.79 0.06 ­0.84 0.06 0.78 0.06 ­ ­ 
PHM × Nitrate ­ ­ ­ ­ ­0.66 0.15 ­ ­ 
PHM × Silicate ­ ­ ­0.80 0.09 ­0.61 0.19 ­ ­ 
PHM × Ammonia ­ ­ 0.82 0.08 ­ ­ 0.68 0.13 
PHM × WHM 0.90 0.01 ­ ­ ­ ­ ­ ­ 
PHM × SHM ­ ­ ­ ­ 0.93 0.00 ­ ­ 
PHM × FHM  ­ ­ ­ ­ 0.82 0.04 ­ ­ 
FHM ×Temperature ­0.75 0.08 ­ ­ ­ ­ ­ ­ 

FHM × pH ­0.62 0.18 ­0.88 0.04 ­ ­ ­ ­ 
FHM × DO ­ ­ ­ ­ ­ ­ ­0.74 0.09 
FHM × BOD ­ ­ ­ ­ ­ ­ ­0.63 0.17 
FHM × Phosphate 0.92 0.00 0.69 0.19 ­ ­ ­ ­ 
FHM × Nitrite ­ ­ ­ ­ 0.96 0.00 ­ ­ 
FHM × Nitrate ­ ­ ­0.69 0.18 ­ ­ ­ ­ 
FHM × Silicate ­ ­ ­ ­ ­0.62 0.18 ­ ­ 
FHM × Ammonia ­0.50 0.30 ­ ­ ­0.71 0.10 ­ ­ 
FHM × SHM ­0.88 0.01 ­0.89 0.04 0.92 0.00 ­ ­ 
Note: SHM – Sediment Heavy Metals; WHM – Water Heavy Metals; PHM – Plankton Heavy Metals;  
          FHM – Fish Heavy Metals 
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The significant negative correlations between 

dissolved metals in water and surface sediments in 
Pondicherry, WHM X SHM = ­0.64, sig 0.24 rise as 
proof of transaction or substitute process. The 
significant negative correlations between salinity, pH 
and dissolved metals in water (Table 7) declare the 
role of aquatic salinity and pH in the process of 
conclusion. This role is confirmed by the significant 
positive correlation values between salinity, pH and 
sediment metals (Table 7). Hence, in the present 
geographical locale, aquatic salinity and pH have a 
regulatory role in the exchange of heavy metals 
between the aquatic phase and underlying surface 
sediment through dissolution­precipitation 
phenomenon as agreed by Chakraborty et al.40. 
 

This study clearly explained the considerable 
variations in the distribution of heavy metals in water, 
sediment, plankton and fish (Mugil Cephalus) with 
emphasis on Thane cyclone. These variations in the 
marine environment are unquestionably brought about 
by the cyclone as agreed by Martin Deva Prasath and 
Hidayathulla Khan26. The similar type of variations in 
the physico chemical characters were observed in the 
coastal water quality of southeast coast of India26. 
Many of the earlier works revealed that heavy metals 
were more concentrated in the tissues of marine 
animals than in seawater due to biomagnification25, 27. 
Similar trend also reflected in the present attempt. It is 
understood that the high concentration of metals in 
water can be gradually accumulated on the sediments, 
plankton and in due course it may get transferred to 
fish. This study was on the monthly variation of 
metals in the respective study areas after Thane 
cyclone, which clearly explained the effect of cyclone 
in these areas can be ascertained. 
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