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Fig 7B : Nickel in seawater and Gracilaria verrucosa at

stations 2 and 5
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Fig 8A : Zinc in seawater and Enteromorpha compressa at

stations 2 and 5
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Fig 8B : Iron in seawater and Chaetomorpha linum at

stations 2 and 5
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DISCUSSION

The concentration of heavy metals in seawater at hot water
effluent site and waste water site of TTPS is far higher than
those reported for natural and other polluted waters (Matkar et
al., 1981; UNEP, 1985; Kannan et al., 1982). The concentration of
metals in seawater is of the order Cu > Ni > Zn > Pb. Roessler
and Zieman (1970) also observed high concentrations of iron and
copper at thermal effluent site of Biscayne Bay, Florida. Burning
of coal in thermal power station produces chemically complex ash
wastes which are disposed into nearby aquatic systems. At
Tuticorin Bay the source of heavy metal in seawater and sediment
is flyash. Apart from flyash, the heavy metals may also originate
from corrosion of screen surfaces or from tubing and piping in
cooling water systems. Cooling water pipes are made of
cupronickel. The major heavy metals leaching out of flyash are
copper, lead, nickel and zinc (Aggarwal and Thakre, 1988). Among
Tuticorin Coast pollution due to effluent discharge from textile,
fertilizer and chemical plants have been reported (Anon., 1992).
Ganesan et al.(1991) attributed high levels of metals in seaweeds
at Tuticorin to pollution from ash disposal of thermal power

station, busy harbour activities and coal and oil Jetty

operations.
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The concentration of heavy metals except iron in sediment
is of the order Ni > Cu » Zn > Pb. The high values of stations 1
and 2 is because the bottom at these areas are mainly composed of
sedimented flyash. At station 2 an additional input is settling
of particles from the waste water pipes to the bottom from the
water column. At the other stations the organic-rich clayey layer
may also show a high capacity for accumulating heavy metals
(Schintu et al., 1991). A marked seasonal variation in
concentration of heavy metal in seawater and sediments observed
in the present study. In general, the concentration is high
during the northeast monsoon (October to January) and postmonsoon
(February to May). Ganesan and Kannan (1995) opined that these

high concentrations are due to increased inputs of land runoffs.

The heavy metal accumulation by E.compressa and C.linum
were higher than that of G.verrucosa except in the content of
nickel. Rao et al.(1995) found that green algae concentrate more
trace metals than brown or red algae. The copper, zinc and iron
values of E.compressa obtained from the polluted sites are
comparable to the values reported by Ganesan et al.(1991).
However, the nickel, zinc and iron values for G.verrucosa is
higher than reported by Agadi et a].(1978) at Goa Coast. The
excess copper in G.verrucosa is bound by polysaccharides
(Zoltukhina and Gavrilenko, 1992). There seems to be a direct

relationship between carbohydrate of G.verrucosa and its copper
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content. The uptake of certain metals in seaweeds is a passive
process involving ion exchange sites in the cell wall (Myklestad
and Eide, 1978). Ilyas and Sukan (1994) observed that the Ilevel
of heavy metal in G.verrucosa was high but did not reach toxic
levels in a highly eutrophicated system. At the waste water
effluent site of TTPS, the copper and zinc concentrations of the
three species studied were higher than the permissible limit

prescribed for seafoods.

Significant seasonal variation is observed only in the case
of =zinc in G.verrucosa and C.linum, while variations of nickel
and zinc are important for E.compressa. These observation
indicate that uptake of metal in algae are not dependent on
environmental factors such as temperature and salinity. Sfriso et
al.(19895) observed that the uptake of metal in macroalgae was
controlled by seasonality and frond age. The metal uptake is also
influenced by phenology (Rao and Indusekhar, 1989) and growth
dynamics, the age of the tissue, the metal concentration in the
environment and abiotic factors such as salinity and temperature
(Haritonidis and Malea, 1995). In the present study the
significant seasonal variation is more dependent on the

concentration of metals in ambient waters.

The correlation of environmental parameters, metals in

seawater and sediment with metals in seaweed indicate that at the
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waste water effluent site, all the parameters contribute
significantly to metal uptake. Temperature can indirectly affect
metal uptake in algae by directly affecting growth. Since metal
levels in newly synthesized tissues are often lower than in older
parts of the plant (Bryan and Hummerstone, 18973). The ability of
seaweeds to accumulate metals may be enhanced at higher metabolic
rate caused by higher temperatures. Factors which can influence
metal uptake in marine algae include nutrient availability (Ilyas
and Sukan, 18994), light intensity and water turbidity (Phillips,

1977).

Concentration of metals in seawater and sediment are
equally important for the uptake by algae as indicated for
G.verrucosa and E.compressa at station 2. Ganesan and Kannan
(1995) did not observe any correlation between sediment and algal
metal concentrations. They concluded that algae accumulate metals
mainly from surrounding water medium. However, Malea et al.
(1995) found that the uptake of metals by Dasycladus vermicularis
were correlated with their concentration in the sediment and not
with their dissolved level in seawater. The higher uptake of
metals by algae during monsoon at Tuticorin Bay suggest that the
resuspension of bottom deposits by wind and wave action releases

metals into the water column which are absorbed by the seaweeds.
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The biioaccumulation of metals by G.verrucosa and

E.compressa shows that they can tolerate a high 1level of

pollution and hence can be used as "indicator species" of heavy
metal pollution along the Indian coast. The metal content of
seawater and sediment at the thermal and waste water pollution
site are many fold greater than that for natural waters
indicating a high level of pollution. The concentration of metals
in seawater and sediments are equally important for the uptake of
metal by algae. The copper and zinc concentration of seaweeds are
far greater than the permissible limits for human consumption and
thus influences the aquatic food chain of the ecosystem. There
is immense scope for future studies in biocaccumulation of
chemical microbiocides through seaweeds. Seaweeds can be taken

as indicator species in stress related studies.
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The present investigation deals with the hydrography,
physioclogy of seaweeds and the heavy metal concentration of
seawater, sediment and algae from the discharge sites of

Tuticorin Thermal Power Station (TTPS).

The average monthly water temperature in the Toticorin Bay
o
just off the hot water site is 10.3 to 11.5 C more and

forms a thermal plume of an rea covering approximately 1.5

sg. km.

The maximum phytoplankton production observed at hot water
effluent site is only 0.05 gC/cub.m/day showing a 30 fold

decrease in production compared to the control site.

Salinity and pH does not show significant variation between

stations.

At hot water effluent site, the values of phosphate and

nitrate were comparatively lower than the other stations.

The hydrological parameters studied shows significant
variation between stations and not related with seasons

except for values of silicade.

The total absence of seaweed vegetation at hot water site

o
clearly indicate that seaweeds cannot survive at 40 C.
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10.

il.

12.

13.

14.

o
Temperature increments of 7-8 C between thermal effluent site

and waste water site, resulted in the survival of hardy local

species, resistant to warm water and effective at colonizing

disturbed areas.

The only algal vegetation observed at the waste water site
were : Gracilaria verrucosa, Enteromorpha compressa and
Chaetomorpha linum.

A combination of increased temperature and turbidity leads to

reduced net production by seaweeds and chlorophyll content at

waste water effluent site.

The protein, carbohydrate and lipid of algae from the waste

water site was less than the control stations.
Concentration of heavy metals in seawater at hot water and
waste water effluent sites of TTPS is far higher than those

reported for natural and other polluted waters.

At Tuticorin Bay, the source of heavy metal in seawater and

sediment is flyash, hot water and waste water.

The concentration of metals in seawater is of the order Cu >

Ni > Zn > Pb and in sediment Ni > Cu > Zn > Pb.
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15.

16.

17.

18.

19.

20.

A marked seasonal variation in concentration of heavy metals

in seawater and sediment is observed.

Correlation of environmental parameters, metals in seawater
and sediments with metals in seaweed indicate that at the
waste water effluent site, all the parameters contribute

significantly 'to metal uptake.

The bioaccumulation of metals by G.verrucosa and E.compressa
show that they tolerate a high level of pollution and hence
can be used as "indicator species” of heavy metal pollution

along the Indian coast.

Copper and zinc concentrations of seaweeds are far greater

than the permissible limits for human consumption.

Tuticorin Bay which forms a part of Gulf of Mannar is
declared as a Biosphere Reserve to preserve the genetic

diversity of this marine ecosystem.

This study reveals that the dumping of thermal and waste
effluents and flyash into Tuticorin Bay has caused extensive

damage to this fragile system.
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