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ABSTRACT

The impact of thermal effluents from Jaigad coastal power plant located at the Jaigad coast, which
is a major fishing village of Ratnagiri district (Maharashtra) along the central Konkan coast of
India. Impact of thermal effluent on phytoplankton was studied by field observations. Monthly
boat cruises (for 9 months) were carried out to study the effects of temperature on phytoplankton.
Phytoplankton and chlorophyll a decreased during the transit of water, while at mixing point the
chlorophyll a values recovered significantly. It is concluded that the effect of thermal discharge
from the power plant on phytoplankton in the receiving water body is quite localized and
phytoplankton distribution and abundance in the coastal waters per se are not affected.
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INTRODUCTION

One of the main uses of water in the power industry
is to cool the power producing equipment. Water
used for this purpose does cool the equipment, but
at the same time, this results in heating up of the
cooling water. Water used for power plant cooling is
chemically altered for the purposes of extending the
useful life of equipment and also to ensure efficient
operation (Selvin et al. 2010). The discharged warm
water from the outfall moves into the sea depending
on predominant current features and mixing
process. Therefore, it is necessary to study the
marine impact of thermal discharge. Since once-
through cooling system is the most economical way
of condensing the exhaust steam from turbines,
there is an increasing tendency for new nuclear and
fossil fuel power plants to be located in coastal areas,
so as to make use of the availability of the abundant
seawater for condenser cooling (Winter and Conner,
1978). Planktonic organisms are drawn along with
the cooling water into the plant cooling circuit,
where they are subjected to various physical and
chemical stress factors. Moreover, organisms in the
receiving water body may also be entrained into the
effluent plume, even if they do not pass through the
plant cooling circuit. Temperature is one of the most

important environmental variables, which affects
the survival, growth and reproduction of aquatic
organisms (Kinne, 1970; Langford, 1990). An
increase in temperature of seawater results in an
increase in the metabolic rate of the organisms and
a reduction of its dissolved oxygen concentration.
Phytoplankton’s are a very important constituent
of the coastal food chain and, therefore, qualitative
and quantitative changes in the phytoplankton
population in the receiving water body may have
significant implications for the coastal ecosystem.
The present study was undertaken in the vicinity of
the Jaigad Power Station, Ratnagiri, Maharashtra
which uses the coastal waters of the as a heat sink. It
was hypothesized that the continuous discharge of
condenser effluents may have an impact on the
ecology of the coastal marine environment in the
vicinity of the plant and a study was organized to
understand the influence of the discharge on the
phytoplankton population near the discharge zone.
Boat cruises were carried out to measure
phytoplankton standing crop in the coastal waters.

MATERIALS AND METHODS

The present investigation was carried out along the
cost of Jaigad (District Ratnagiri) Maharashtra.



148 TEKADE ET AL

Study site

The present study was conducted during May 2014
to August 2015 near Jaigad port (Lat. 170 17 52.51 N
& 730 13 40.14 Eto 17 0 16{® 45.14 N & 73 0 11°
50.82 E) along the West coast of India. The stations
were fixed using global positioning system (GPS).
The stations, designed to locate within the 10 km
radius of the thermal power plant with due
consideration to the outfall site, i.e. waste water
discharge point of the plant.

Sampling Design

Monthly sampling was undertaken during
September 2014 to May 2015 by using a motorized
fishing boat. Water samples from surface and
bottom were collected separately during low tide
condition. The area of investigation was divided
into seven different stations along Jaigad coast.
Station 1 (S1) was considered as a representing
reference station at Shastri river mouth.
Subsequently, other stations were located away from
the effluent water discharge point of the thermal
power plant, namely S2 and S3 along the 5 fathoms
depth contour, S4 and S5 along the 10 fathom depth
contour and S6, S7, S8 and S9 along the 15 and 20
fathom depth contour. These stations were set apart
with a distance of about 1 km along each counter.

Plankton Collection

The plankton from the different stations of nearshore
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zone was collected using the 60i plankton net.
Standard plankton net was towed from a motorized
boat for 2 minutes at low speed (< 2 knots) at the
selected sampling stations and transferred into 300
ml well labelled bottles. Samples were preserved
with 5% neutralized formalin solution (APHA,
2012).

Plankton analysis

The plankton was identified and recorded
employing Sedgwick-Rafter type of cell fitted on
microscope (Newell and Newell, 1977). Different
CM magnifications (10X, 40X and 100X) were used
according to the size of the plankton. Plankton
diversities of both phyto and zooplankton were
determined and the density expressed as numbers
per litre (nos. L?). The systematic identification of
the plankton upto the level of genus was done by
adopting the standard keys (Newell and Newell,
1977., Renyolds, 1984 and Nwankwo, 2004).

Chlorophyll a

The chlorophyll-a samples of near-shore zone were
filtered and collected into 200 ml clean polyethylene
bottles.

Chlorophyll-a analysis

The collected water samples were filtered through
glass filter paper (pore size 0.42 um) with a thin bed
of magnesium carbonate suspension and
chlorophyll-a was extracted using 90% acetone. The
resulting coloured acetone extract was measured in
the UV-Visible spectrophotometer at the
wavelengths of 665, 645 and 630nm (APHA 2012).

RESULTS

Chlorophyll-a

At station S1, chlorophyll-a value varied from 1.15
mg m-3 (November) to 8.26 mg m-3 (March). At
station S2 and S3, the chlorophyll-a value fluctuated
from 0.18 to 2.78 mg m-3 (September-14 and April)
and 0.17 to 3.96 mg m-3 (September-14 and March)
respectively. At station 54 and S5, concentration of
chlorophyll-a ranged from 1.25 to 6.23 mg m-3
(September-14 and March) and 1.32 to 6.25 mg m-3
(September-14 and April) respectively. At station S6,
chlorophyll-a content fluctuated from 1.32 to 7.56
mg m-3 in the months of September and February
respectively. At the station 57, minimum value of
chlorophyll-a was 1.33 mg m-3 (September-14)
while the maximum of 7.63 mg m-3 (February) was
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Fig. Monthly variations of chlorophyll a (mg m?) at near-
shore stations of Jaigad coast during 2014-15

recorded.

Chlorophyll-a values fluctuated from 1.34 to 7.69
mg m-3 (September-14 and February) and 1.35 to
9.26 mg m-3 (September-14 and February).
Chlorophyll-a was found to show increasing trend
seaward from S1 and the effluent zone. The ANOVA
showed significant difference (P<0.05) among the
stations and months

Quantitative and qualitative plankton analysis
Phytoplankton abundance

The phytoplankton density at station S1, ranged
from 340 to 1655 nos. L which was minimum in
April while maximum in September. From the
month of February, phytoplankton density started to
decline gradually upto the month of April followed
by slight rise in May again. The phytoplankton
density at station S2, ranged from 220 to 1215 nos. L
' which in May-15 and February-15 respectively. In
this station phytoplankton increased from the month
of November to February and then declined up to
May. At the station S3 the phytoplankton density
was observed in the range of 240 to 500 nos.L™. The
inclining trend was observed from January-15 to
April of phytoplankton abundance at station S3. At
the station S4, the phytoplankton density was
observed in the range of 1385 to 2865 nos.L*. The
maximum phytoplankton density was recorded in
the month of February against the minimum of
October. At the station S4, the phytoplankton

density was observed in the range of 1385 to 2865
nos.L™'. The maximum phytoplankton density was
recorded in the month of February against the
minimum of October. At the station S5, the
phytoplankton density was in the range of 915 to
1897 nos. L™ Density at station S6, was in the range
of 270 to 1120 nos. L which was low in May-15 and
maximum in March. Density at station S9, was in the
range of 210 to 770 nos. L-1 with low in April-15
contrary to the peak in the month of March. No
particular seasonal trend was noted. In general,
among the phytoplankton density, S1 station
showed higher density as compared with the other
stations. Maximum of phytoplankton were recorded
away from the effluent mixing zone against the
minimum in May-15. From October it inclined upto
February and then again declined in March, April
and May at S7. Density at station S8, was in the
range of 270 to 1120 nos. L-1 which was low in May-
15 and maximum in March. There was decrease in
density in October then it showed rising trend from
December-14 to March-15 and then again lowered in
April and May. Density at station S9, was in the
range of 210 to 770 nos. L™ with low in April-15
contrary to the peak in the month of March. No
particular seasonal trend was noted. In general,
among the phytoplankton density, S1 station
showed higher density as compared with the other
stations. Maximum of phytoplankton were recorded
away from the effluent mixing zone.

Phytoplankton diversity

At station S1, diatoms were observed minimum in
the month of May-15 (170 nos.L-1) and maximum in
September-14 (1330 nos.L-1). Abundance of
Bellorochate sp, was observed to be dominant and
followed by Skeletonema sp. and Pleurosigma sp.
Dinoflagellate contributed by only Peridinium spp.
were highest in the month of September-14 (270
nos.L-1) but absent in October. Silicoflagellates were
entirely absent in all the months except September-
14 with low density. Similarly the Blue-green algae
Trichodesmium spp. was found maximum (136 nos. L-
') in the month of September. January-15 and was
not noted in the months of October, November,
February and April. Considering the total
abundance, diatoms dominated followed by
dinoflagellates, blue-green algae and silicoflagellate.
At station S2, among diatoms, occurrence of
Coscinodiscus sp. was reported in the months of
September, October and February. Biddulphia sp. was
found in September and February. Ditylum sp. and
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Skeletonema sp. were recorded periodically in
different months. Diatom were maximum (905
nos.L-1) in the month of February contrary to the
minimum in May-15. Dinoflagellate were maximum
(200 nos.L-1) and minimum (110 nos.L-1) in the
month of September-14 and October and May-15
respectively. Among dinoflagellate, Peridinium spp.
was found periodically in all the months with peak
in September-14. Silicoflagellate were found at
station S2, minimum (90 nos.L-1) in the month of
October and April and maximum (150 nos.L-1) in
the month of February. They were absent in May. At
station S3, diatoms were maximum in the month of
September-14 (315 nos.L-1) and minimum in May-
15 (70 nos.L!). Among diatom, Coscinodiscus sp. was
dominant followed by Leptocylindricus sp and
Globigerina sp. Dinoflagellate dominated in May (260
nos.L?) and it was minimum (20 nos.L?!) in the
month of November. Among dinoflagellate,
Ceratium sp. was observed more common.
Silicoflagellate were maximum (125 nos.L?) in
September-14 and minimum (60 nos.L™') was in
October. At station S4, diatoms were maximum in
the month of February (2650 nos.L-1) and minimum
in October (1345 nos.L-1). Among the diatom,
Coscinodiscus sp. was most dominant, followed by
Biddulphia sp., Leptocylindricus sp., Asterionella
japonica, Bacillaria sp., and Thalassionema sp. to a small
extent. Dinoflagellates were at peak in December
(210 nos.L") against the minimum (25 nos.L-1) in
May-15. Among dinoflagellate Peridinium sp. was
predominantly observed and followed by Isochrysis
sp. Blue-green algae (Trichodesmium sp.) were present
in all the months but in low numbers.

At station S5, the diatoms were maximum in the
month of March (1877 nos.L') and minimum in
October (810 nos.L*). Among diatom, Coscinodiscus
sp. was dominant followed by Navicula sp.,
Skeletonema sp., and Chaetoceros sp., Dinoflagellate
dominated in the month of September-14 (220 nos.L*
). Among dinoflagellate, Peridinium sp. was
maximum followed by Gymnodinium sp.
Silicoflagellates (Dictoycha sp.) were present only
from the months of October-2014 to February-15 and
totally absent in the months of September, March,
April and May. The Blue green algae were absent at
this station in the entire period. At station S6,
diatoms were maximum in the month of December
(1335 no.l"") and minimum in May (590 nos.L?).
Among diatoms, Coscinodiscus sp. was dominant
followed by Fragillaria sp., Leptocylindricus sp.,
Navicula spp., Nitzschia spp., Pleurosigma

sp.,Globigerina sp., Skeletonema sp., and Chaetoceros sp.
in different months. Dinoflagellate was at maximum
in the month of November (190 nos. L*). Among
dinoflagellate the dominant sp. was Ceratium sp.
(November). Silicoflagellate (Dictoycha sp.) were
present only in the month of seperatly November
and February to a small extent. At station S7 diatoms
were at peak in February (1095 nos. L) and
minimum in May (405 nos.L™). The Coscinodiscus sp.
was most abundant in all months followed by
Rhizosolenia sp. Dinoflagellates were maximum in
the month of February (240 nos.L?) while minimum
in the month of April (10 nos.L?). Peridinum sp. along
with Ceratium sp. was abundant. Silicoflagellates
were present in month of October and January only
while the blue green algae were totally absent. At
station S8, the diatom group was maximum in the
month of March (560 nos.L) on the contrary it was
minimum in May-15 (190 nos.L?). Among diatom,
Coscinodiscus sp. was dominant followed by
Fragilaria sp. Dinoflagellate were minimum (70
nos.L!) in May-15 and maximum (560 nos. L) in
February and March. Among dinoflagellate,
Prorocentrum sp. was predominant followed by
Peridinium sp. Silicoflagellate (Dictoycha sp.) were
in small numbers from the month of September-2014
to December-15. The blue green algae were not
found.

Zooplankton abundance

Density of zooplankton in S1 station ranged
between 125 and 440 nos.L™ in October-14 and
February-15 respectively. Subsequently the density
showed declining trend upto May-15.

At stations S2 and S3, the density of zooplankton
varied between 130 and 325 nos.L™" and 45 and 230
nos.L?, which were minimum in May-15, October
and maximum in February. From the month of
October, zooplankton density showed increase till
February. From the month of March, zooplankton
density started to decline at station S2 and S3.

Zooplankton diversity

At station S1, copepods were maximum in the
month of February (255 nos.L-1) and minimum in
the month of November and May (100 nos.L-1).
Among copepods, calanoid was observed to be
dominant. The dinoflagellates, (Noctiluca) was
absent in the months of September-14 and October
but was maximum in the month of November.
Tintinnids were maximum in the month of February
(55 nos.L-1) but totally absent in the month of
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October. Among tintinnids, Flavella sp. was the only
species present. There was no any specific trend in
monthly zooplankton variations. (Fig. 53.0)

At S2 station, copepods were maximum in the
month of February (255 nos.L-1) while minimum in
May (115 nos.L-1). Among copepods, calanoid
forms were predominant followed by cyclopoids.
There was no any specific trend in monthly
zooplankton variations.

At station S3, among the copepods were at
maximum in the month of February (175 nos.L-1)
and minimum (25 nos.L-1) in October. Calanoid was
the major contributor. The dinoflagellate (Noctiluca)
was observed at low density in the months of
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December and January. Tintinnids were maximum
in September (70 nos. L-1). Flavella sp. being the
only contributor. (Fig. 55.0)

At 54 station, the copepods were maximum in the
month of September-14 (240 nos.L-1) with minimum
in May. Among copepods, calanoid was principal
form. The dinoflagellate (Noctiluca) was noted in
the months of November, December and February
with low abundance. Tintinnids were maximum (70
nos.L-1) in the month of February (65 nos.L-1) and
minimum in October. Among tintinnids, Tintinopsis
sp. the only form was recorded (Fig 56.0).

At station S5, copepods were maximum in the
month of February (320 nos.L-1) against the

Table 1. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phyto-plankton Zoo-plankton
Water temp 1

Chlorophyll-a -0.370 1

Phytoplankton -0.432 0.707** 1

Zoo-plankton -0.187 -0.312 0.414 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 2. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phyto-plankton Zoo-plankton
Water temp 1

Chlorophyll-a -0.293 1

Phyto-plankton -0.154 -0.136 1

Zoo-plankton -0.740** -0.306 0.-740** 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 3. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phyto-plankton Zoo-plankton
Water temp 1

Chlorophyll-a -0.147 1

Phyto-plankton -0.655* -0.258 1

Zoo-plankton -0.724** 0.365 -0.792** 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 4. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phytoplankton Zoo-plankton
Water temp 1

Chlorophyll-a 0.093 1

Phyto-plankton -0.493 0.276 1

Zoo-plankton -0.122 -0.072 0.018 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level
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minimum in the month of May (60 nos.L-1). Among
copepods, calanoid was observed maximum in the
month of January. Dinoflagellates were totally
absent. Tintinnids represented by Tintinopsis sp.
were maximum in the month of February (85 nos.L-
1). There was no any specific trend in monthly
zooplankton density. (Fig.57.0)

Copepods were maximum in the month of
February (500 nos.L-1) and the minimum (190 nos.L-
1) was in October at station S6. The cyclopoids was
observed maximum in different months.
Dinoflagellates (Noctiluca) was observed at low
density in all the month except October. Tintinnids
were maximum in the month of March (200 nos.L-1).

Among Tintinnids, maximum Flavella sp. were
predominant followed by Tintinopsis sp. (Fig 58.0)

At station S7, copepods were maximum in the
month of May (390 nos.L-1). The calanoids were
observed to be major contributor in the month of
February (350 nos.L?). Dinoflagellate (Noctiluca)
was present in all the months in low abundance
with maximum in the month of September-14.
Tintinnids were maximum in February (55 nos.L-1)
and minimum in the month of October. Among
tintinnids, Flavella sp. was the chief contributor.
There was no any specific trend in monthly
zooplankton variation.

At station S8, copepods were maximum (240

Table 5. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phytoplankton Zoo-plankton
Water temp 1

Chlorophyll-a 0.625*

Phytoplankton -0.369 0.678* 1

Zoo-plankton -0.283 0.198 0.427 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 6. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phyto-plankton Zoo-plankton
Water temp 1

Chlorophyll-a 0.194

Phytoplankton -0.896 0.146 1

Zoo-plankton -0.483 0.592* 0.591* 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 7. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S

7

Parameters Water temp Chlorophyll-a Phytoplankton Zoo-plankton
Water temp 1

Chlorophyll-a -0.249

Phyto-plankton -0.755** 0.388 1

Zoo-plankton 0.088 0.686* 0.315 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level

Table 8. Correlation matrix among the physico-chemical parameters and plankton density of Jaigad coast at station S,

Parameters Water temp Chlorophyll-a Phytoplankton Zoo-plankton
Water temp 1

Chlorophyll-a -0.170

Phytoplankton 0.220 0.320 1

Zoo-Plankton -0.600* 0.717** 0.644* 1

**Correlation is significant at 0.01 level
*Correlation is significant at 0.05 level
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nos.L-1) in the month of February and minimum
(120 nos.L-1) was noted in May-15 and the
cyclopoid was predominant. Dinoflagellate were
present in all the months but maximum (60 nos.L-1)
in the month of March and the minimum (10 nos.L-
1) in October. Tintinnids were maximum in the
month of February (125 nos.L") contrary to the
minimum in October (20 nos.L"). Among Tintinnids,
Flavella sp. was the most abundant.

In general, maximum of zooplankton were
recorded in the month of September-14 and
February-15 from S1 to S3 and fluctuating density
was observed in other months.

DISCUSSION

Plankton
Phytoplankton

Temperature being an important ecological variable,
affects almost every aspect of aquatic life, thermal
discharge from power plants has the potential to
cause significant perturbations to the coastal marine
environment (Schubel and Marcy., 1978). The effects
may vary from increase in the metabolic rate of
organisms to displacement or even mortality of
sensitive organisms, depending on the temperature
of the released water and the duration for which the
organisms are exposed to the elevated temperature.
Phytoplankton is a good indicator of water quality.
The relatively high abundance of chlorophyta is an
indicative of productive water since they are at the
base of the coastal marine food chain. The possible
impact of the thermal discharge on them needs to be
understood in detail.

Quantitative analysis of Phytoplankton

The lowest and highest counts are observed in May-
15 and September-14 respectively and
comparatively high numbers of genera were
observed during September-14, January, February
and March. The study has revealed monthly
variation in phytoplankton clearly. The results
indicate that the effect of thermal discharges on
phytoplankton is marginal and confined to a
relatively small area. The higher density of
phytoplankton could also be due to higher salinity
and surface water temperature, besides availability
of nutrients. Density of plankton showed decreasing
trend from the month of March to May-15 however
density of plankton increased with distance from the
effluent mixing zone. It showed lower ranges at 5

fathom depth contour (S, and S,) as compared to
other depth contour (S, to S,). Probably thermal
power plant effluent is affecting the plankton
density near the effluent discharge zone.
Phytoplankton in the discharged area is affected by
two main factors first is general increase in nutrient
concentration and second is increase of temperature
(Llus and Keskitalo, 2008). High phytoplankton
production during post-monsoon could be
attributed to upwelling that brings the nutrient-rich
deeper water to the surface, which is a regular
phenomenon (La Fond, 1957; Murty and
Varadachari, 1968). On the other hand,
phytoplankton production in coastal waters of
Kalpakkam was mainly dependent on nitrogen and
silicate (Muthulakshmi et al., 2013). Phosphate which
is considered to be of marine origin does not play
any significant role in phytoplankton production at
this location, whereas nitrogen and silicate together
form the limiting factors. No impact of thermal
discharge was noted in the present study.

Tiwari and Nair (1998) recorded maximum
phytoplankton in the months of September-14-
October, while secondary peak was in the month of
April along Maharashtra coast. Devassy and
Bhargava (1978) also observed phytoplankton to
dominate in pre-monsoon and post-monsoon
seasons in the Mondovi and Zuari estuary of Goa.
Poornima et al. (2005) observed that phytoplankton
comprised (numerically) 94% of diatoms, 3% of
green algae and 3% dinoflagellates in the vicinity of
MAPS, located at Kalpakkam on the east coast of
India,. They stated that during most of the months,
cruise stations close to the mixing point did not
show any difference in chlorophyll a concentration
or phytoplankton cell count, as compared to the
other stations in the sea. However, on a few
occasions (April, September and January), stations
close to the mixing point showed a decrease in
phytoplankton and chlorophyll a. They concluded
that phytoplankton passing through the power
plant cooling water system experience combined
mechanical, chemical and thermal stresses, which
vary in duration and magnitude, depending on the
flow rate and thermal exposure regimes.

Qualitative analysis of phytoplankton

In the present study, four groups of phytoplankton
were recorded namely: Bacillariophyceae (Yellow-
green algae/diatoms), Dinophyceae
(Dinoflagellate), Chrysophyceae (Silicoflagellate)
and Cyanophyceae (Blue-green algae). In the Jaigad
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coastal water, totally 26 genera of phytoplankton
were identified from nine stations including twenty
from diatoms, four from dinoflagellates one each
from silicoflagellate and blue-green algae group.

At station S, diatoms were observed minimum in
the month of October and maximum in September-
14. Coscinodiscus sp. revealed the maxima in the
months of September-14 and January during post-
monsoon season, while the secondary maxima were
observed in the month of February and March.
Skeletonema sp. was observed to be next dominant.
Blue green algae was maximum in the month of
January-15 and entirely absent in the months of
October, February, April and May-15.
Dinoflagellates were highest in the month of January
and absent in October.

At 5 fathom depth contour Biddulphia sp.,
Coscinodiscus sp., Ditylum sp., Skeletonema sp. and
Nitzschia sp. were found in September-14 and
February among diatoms, while Ditylum sp. and
Skeletonema sp. were recorded periodically in all the
months. Among dinoflagellates, Peridinium spp. was
found periodically in all the months.

The 10 fathom contour showed the dominance of
Coscinodiscus sp., followed by Biddulphia sp.,
Asterionella japonica, Leptocylindricus sp., Bacillaria sp.,
and Thalassionema sp., while dinoflagellates
dominated in December. Among dinoflagellates,
Peridinium sp. was observed maximum followed by
Prorocentrum sp. and Isochrysis sp. Blue green algae
were totally absent.

At 15 fathom diatoms were maximum in the
month of Decerﬁber, February and minimum in
May-15. Among diatoms, Coscinodiscus sp. was
dominant, followed by Leptocylindricus sp., Navicula
spp., Nitzschia spp., Pleurosigma sp., Globigerina sp.,
Skeletonema sp., Chaetoceros sp., and Thalassionema sp.
Dinoflagellates were maximum in the month of
November contrary to the minimum in December.
Among dinoflagellates, Peridinium sp. was observed
maximum followed by Ceratium sp. Silicoflagellates
(Dictoycha sp.) were present in the month of
November and February only.

At 20 fathom, diatom was maximum in the
month of March and minimum in May-15. Among
diatoms, Coscinodiscus sp. dominated the population
followed by Ditylum sp., Rhizosolenia sp., Melosira sp.,
Skeletonema sp. and Leptocylindricus sp. Among
dinoflagellates, Prorocentrum sp., was observed
maximum followed by Peridinium sp.
Silicoflagellates (Dictoycha sp.) were present from the
month of September-14 to December-15.

Dinoflagellates were maximum in the month of
March and absent in the month of September-14,
December and April. Among dinoflagellates, the
bulk was of Peridinium sp. .

Poornima et al. (2005) observed that
phytoplankton comprised (numerically) 94% of
diatoms, 3% of green algae and 3% dinoflagellates in
the vicinity of MAPS, located at Kalpakkam on the
east coast of India. They found that Chaetoceros
decreased as temperature increased from 28 to 40°C
(28°C is the optimum temperature for its growth)
along Kalpakam coast. Monthly distribution of
phytoplankton at Kalpakkam showed the maximum
during September-14, coinciding with the transition
period. Although there is a measurable reduction in
phytoplankton distribution, at outfall point, the
changes in chlorophyll 2 were no longer discernible
for a short distance beyond the mixing point, where
the thermal discharge mixes with the sea. The results
of their study further confirm that the temperature
regimes experience inside the condenser or in the
thermal plume are unlikely to affect the growth rate
of the diatoms in a significant manner. They also
stated that during most of the months, stations close
to the mixing point do not show any difference in
concentration or phytoplankton distribution, as
compared with the other stations in the sea. High
numbers of the genera, Asterionella, Skeletonema,
Thalassionema, Thalassiothrix and Trichodesmium were
noticed during all seasons except pre-monsoon
season in all three stations, indicating their
thermophilic nature. Diatoms dominated the
phytoplankton and there was no indication of any
dominance by cyanobacteria or other algal species,
due to thermal discharge. The occurrence of
phytoplankton was the lowest during monsoon
months, when the water column is remarkably
stratified to a large extent because of heavy rainfall,
high turbidity caused by runoff, reduced salinity,
decreased temperature and pH, overcast sky and
cool conditions. Phytoplankton counts were high
during pre-monsoon (June-September) as reported
by Marichamy et al. (1985). High phytoplankton
abundance in summer could be attributed to more
stable hydrographical conditions prevailing during
that period (Rajasekar et al., 2005).

According to Onyema et al. (2003) in the Lagos
lagoon, diatoms among the phytoplankton and
copepods among the zooplankton dominated the
plankton spectrum. They stated that zooplankton
diversity and abundance was higher in the dry
months possibly due to increases in salinity and
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hydrological stability (Onyema et al, 2007). A similar
situation was noted during the present study in
some stations.

Chang et al. (1996) observed the seasonal
variation of seawater temperature and
phytoplankton biomass in coastal seawater adjacent
to Taiwan Keelung. The water temperature at their
study site varied between 17 and 30°C. Plankton
abundance was low in the winter and started to
increase when surface water became warmer than
25°C. Their result also confirmed that seawater
temperature was an important factor in controlling
the phytoplankton biomass in northern Taiwan. This
is in agreement with the present study.

Perumal et al. (2009) reported that the Skeletonema
elongatum was the most dominant form during pre-
monsoon period in the southeast coast of India.
Pednekar et al. (2011) recorded high abundance of
Skeletonema coastatum during monsoon and post-
monsoon season in the estuaries of Goa along the
southwest coast of India. The diatom, Skeletonema sp.
was dominantly recorded throughout the year in
Dharma estuary, Bay of Bengal, India (Palleyi et al.,
2011). Skeletonema coastatum mainly dominated the
plankton population in the summer in the
Mahanadi estuary (Naik et al., 2009). Devassy and
Bhargava (1978) observed Skeletonema sp.
dominantly in the post-monsoon season at lower
streams of the Mandovi estuary. In the present
study, Skeletonema sp was found maximum in
February and minimum in May-15.

Chaetoceros sp. was observed in the post-monsoon
season in the Zuari estuary (Patil ef al., 2004). Gowda
et al. (2002) recorded Chaetoceros curvisetus as
dominant species in the pre-monsoon and post-
monsoon seasons in Mangalore, southwest coast of
India. Chaetoceros sp. was recorded throughout the
year in Nate and Ranpar, Ratnagiri, southwest coast
of India (Dhumal and Sabale, 2014). Pednekar et al.
(2011) recorded C. nitidus as the most frequently
observed species and occurred throughout the year
but at low concentrations during the pre-monsoon
and post-monsoon season in Goa coastal waters.
Abundance of Chaetoceros sp. was observed at mid-
and upper-reaches of Shastri estuary whereas in the
Kajvi estuary Chaetoceros sp. was observed at the
mouth region throughout the year (Achuthankutty
et al., 1981) along the Konkan coast, India. Devassy
and Bhargava (1978) observed Chaetoceros sp.
dominantly in the post-monsoon season at upper
streams of the Mandovi estuary. In the present
study, Chaetoceros sp. was recorded only once in post-

monsoon and sporadically in pre-monsoon season.

Tiwari and Nair (1998) recorded Coscinodiscus sp.
throughout the study period in the Dharamtar creek
in Mumbai. Coscinodiscus sp. was observed in the
post-monsoon season by Patil et al. (2004) in the
Zuari estuary. Gowda et al. (2002) recorded
Coscinodiscus marginatus dominantly in the pre-
monsoon and post-monsoon seasons in Mangalore,
southwest coast of India. Perumal ef al. (2009)
reported that the C. centalis was predominant during
pre-monsoon season in the southeast coast of India.
Devassy and Bhargava (1978) observed
Coscinodiscus sp. dominantly in the post-monsoon
season at lower streams of the Mondovi estuary.
Abundance of Coscinodiscus sp. was observed at all
stations of mid and upper reaches of Shastri estuary,
whereas in the Kajvi estuary it occurred at the
mouth region throughout the year along the Konkan
coast, west coast of India (Achuthankutty et al.,
1981). In the present study, Coscinodiscus sp. showed
the maxima in the month of September-14 and
January during post-monsoon season, while the
secondary maxima was observed in the month of
February and March.

Gowda et al. (2002) recorded Thalassionema
dominantly in thepre- and post-monsoon season in
Mangalore, along the southwest coast of India.
Thalassionema sp. was recorded throughout the year
in Gavkhadi, Ratnagiri, southwest coast of India
(Dhumal and Sabale, 2014). In monsoon period,
peak of Thalassionema sp. was reported along Kerala
coast of India (Gopinathan, 1975). Perumal et al.
(2009) reported that the Thalassionema nitzschiodes
during pre-monsoon period in the Tamilnadu coast
of India. In the present study, Thalassionema sp. was
observed sporadically.

Abundance of Nitzschia sp. was observed
throughout the year except in the month of August
and April (Untawale and Parulekar, 1976) in the
estuarine mangrove of Goa. Abundance of Nitzschia
sp. was observed at all stations of mid and upper
reaches of Shastri estuary (Jaigad), whereas in the
Kajvi estuary Nitzschia sp. occurred at the mouth
region throughout the study year (Achuthankutty et
al., 1981) along Konkan coast, India. In the present
study, Nitzschia sp. was observed from the month of
September-14 to March-15.

Navicula sp. occurred throughout the year except
in the month of August (Untawale and Parulekar,
1976) in the estuarine mangrove of Goa. Navicula sp.
was recorded very frequently by Tiwari and Nair
(1998) along Mumbai coast, India. The same species
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was recorded throughout the year in Gavkhadi,
Ratnagiri, southwest coast of India (Dhumal and
Sabale, 2014). Abundance of Navicula sp. observed at
all stations specially in the mid and upper reaches of
Shastri estuary, whereas in the Kajvi (Ratnagiri)
estuary these occurred at the mouth region
throughout the year along Konkan coast, India
(Achuthankutty et al., 1981). Devassy and Bhargava
(1978) observed Navicula sp. dominantly in the post-
monsoon season at upper streams of the Mondovi
and Zuari estuary. In the present study, Navicula sp.
dominantly recorded in both seasons.

Gopinathan (1975) observed Pleurosigma normani,
P. directum and P. elongatum to be dominant during
monsoon period along the southwest coast estuary,
Kerala. Pleurosigma sp. was recorded ordinarily
throughout the year in the Dharamtar creek in
Mumbai by Tiwari et al. (2002). The same species
occurred throughout year in the estuarine mangrove
of Goa (Untawale and Parulekar, 1976). Pleurosigma
sp. dominantly recorded throughout the year in
Dharma estuary coast, India (Palleyi et al., 2011).
Pleurosigma sp. was recorded throughout the year in
Ratnagiri coast of India (Dhumal and Sabale, 2014).
Abundance of Pleurosigma sp. was observed during
pre-monsoon by Naik et al. (2009) in Mahanadi
estuary along northeast coast of India. In the present
study, Pleurosigma sp. was found in both pre-
monsoon and post-monsoon season.

Fragilaria sp. was dominant in the late post-
monsoon and throughout the pre-monsoon
(Untawale and Parulekar, 1976) in the estuarine
mangrove of Goa. Pednekar et al. (2011) recorded
Fragilaria oceanica in less quantity in all seasons in
estuaries of Goa coast. In the present study, Fragilaria
sp. was recorded sporadically in the post-monsoon
season, but common in pre-monsoon.

Pednekar et al. (2011) recorded Rhizosolenia
stolterforthii during pre-monsoon season in the
estuaries of Goa. Rhizosolenia sp. was also recorded
throughout the year in Nate, Ratnagiri, southwest
coast of India (Dhumal and Sabale, 2014).
Achuthankutty et al. (1981) recorded abundance of
Rhizosolenia sp. at mid and upper reaches of Shastri
estuary, whereas in the Kajvi estuary the species
occurred at the mouth region throughout the year
along the Konkan coast, India. Tiwari et al. (1998)
recorded higher percentage of Rhizosolenia sp.
throughout the year in the Dharamtar creek in
Mumbai. In present study, Rhizosolenia sp. was
observed only in post-monsoon seasons.

Madhav and Kondalaro (2004) along the

Andaman and Nicobar coast observed the Ditylum
sp. dominant in the monsoon season.
Sachithanandam et al. (2013) observed Ditylum sp
during monsoon season along the Andaman and
Nicobar islands. Ditylum sp. was observed during
pre-monsoon period in the Tamilnadu, coast of India
(Perumal et al., 2009). Naik et al. (2009) recorded
Ditylum brightwelli during the pre-monsoon and
post-monsoon seasons in Mahanadi estuary, West
Bengal. In the present study, Ditylum sp. was
observed in the post-monsoon season mainly.

Among the dinoflagellate, Peridinium sp. was
recorded in high density in all the stations.
Peridinium sp. was dominantly recorded in the pre-
monsoon period as compared to post-monsoon
season (Naik et al., 2009) in the Bengal. Peridinium sp.
was recorded highest in the pre-monsoon and
lowest in the monsoon season (George et al., 2012) in
the Tapi estuary along Gujarat coast. Devassy and
Bhargava (1978) observed Peridinium sp. dominantly
in the pre-monsoon season at upper streams of the
Mondovi estuary, southwest coast of India.
Abundance of Peridinium sp. had uneven
distribution in both Kajvi estuary and Shastri
estuary but their abundance was more in the Kajvi
estuary throughout the year along Konkan coast,
India (Achuthankutty et al., 1981). In the present
study, Peridinium sp. was found in both seasons.

Abundance of Prorocentrum sp. had uneven
distribution in both Kajvi estuary and Shastri
estuary but their abundance was more in the Kajvi
estuary throughout the study year (Achuthankutty
et al., 1981) along Konkan coast, India. Devassy and
Bhargava (1978) observed Prorocentrum sp.
dominantly in the pre-monsoon season at upper
streams of the Mondovi estuary, Goa. In the present
study, Prorocentrum sp. was found atS,, S,, S, and S,
stations.

The phytoplankton characteristic of the Bay of
Bengal was largely dominated by diatoms in all
seasons, contributing up to 80% of total abundance
with low phytoplankton abundance during summer
when there was high water temperature confirming
the abundance of diatoms was inversely related to
temperature (Turner et al., 2009). High
phytoplankton density was found in February when
salinity was low and reactive silicate and inorganic
phosphates were moderate. Density was low during
May-15 when increased SST, salinity and low
nutrients availability were observed.

In the present study, Coscinodiscus sp. was
distributed in all stations in May-15, whereas

6
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Skeletonema, Asterionella japonica,Leptocylindricus sp.,
Navicula sp., and Ditylum sp., were abundant in
September-14 and January to March. Both
Chlorophyll a and phytoplankton cell counts
showed a reduction from the reference point to the
outfall, indicating loss of plankton density. The
seasonal abundance of Coscinodiscus sp revealed that
there was not much impact of thermal power plant
effluent.

A positive significant correlation was observed
between Chlorophyll a and phytoplankton.
Phytoplankton was negatively correlated with
temperature at 5 fathom depth contour and with
zooplankton from 15 to 20 fathom depth contour.

Zooplankton

Zooplankton plays a central role in the coastal
marine food web. At the same time, the structure
and function of species composition are highly
susceptible to induced environmental changes,
especially eutrophication. It is suggested that
replacement of zooplankton species composition by
eutrophication results in changes in the food chain
structure and acceleration of biogenic materials from
embayment to outer ocean. In the context of
anthropogenic impact, thermal discharge of power
plants in coastal waters and climatic change, faunal
shifts in biodiversity and biogeography have been
topics of interest.

Quantitative analysis of Zooplankton

In all the stations, zooplankton density showed
increase from November, followed by gradual
decline in March and remaining constant till May-
15. In the present study, maximum density of
zooplankton was recorded in the early pre-monsoon
(February) and minimum in the summer season
(May-15). Perumal et al. (2009) observed that the
minimum population density of zooplankton
during the pre-monsoon season along Tamil Nadu
coast might be due to the high temperature and high
salinity, while the maximum population density was
recorded during post-monsoon season. Janakiraman
et al. (2013) observed maximum number of species
(20) during post-monsoon and the lowest (9) during
monsoon and summer seasons along the southeast
coast of India.

Qualitative analysis of zooplankton

At reference station (S,), copepods were maximum
in the month of February and minimum in the
month of November and May-15. Among copepods,

calanoidwas observed to be dominant.
Dinoflagellates (Noctiluca) was minimum in the
month of May-15 and maximum in the month of
November. Tintinnids were maximum in the month
of February and totally absent in the month of
October. Among tintinnids, Flavella sp. was
maximum. There was no any specific trend in
monthly zooplankton variations.

At 5 fathom depth contour, copepods were
maximum in the month of February. Among
copepods, calanoid was observed maximum.
Dinoflagellates (Noctiluca) were observed in the
month of December and January. Tintinnids were
maximum in the months of September-14 but
Flavella sp. was recorded in all the months.

At 10 fathom depth contour, copepods were
maximum in the month of September-14 and
February while minimum was in May-15. Among
copepods, calanoid was observed to be maximum in
the month of March. Dinoflagellates (Noctiluca) was
observed in the month of November, December and
February. Tintinnids were maximum in the month of
March, with the occourance of Tintinopsis sp. and
Flavella sp. Among zooplankton, copepods were
maximum in the month of February. Among
copepods, calanoid was observed maximum in the
month of February. Tintinnids were maximum in the
month of March. Among tintinnids, Tintinopsis sp.
and Flavella sp. were recorded at 15 fathom depth
contour.

At 20 fathom depth contour, calanoid were
maximum in the month of September-14 and
February, while cyclopoid was observed maximum
in the month of February and minimum was
recorded in the month of May-15. Dinoflagellates
were present in all the months, maximum in the
month of March and minimum in the month of
October. Tintinnids were maximum in the month of
February and minimum in the months of October.
Among tintinnids, Tintinopsis sp. and Flavella sp.
were recorded.

Tintinnopsis proves a wide range of salinity
tolerance and the recorded high post monsoon
density which might be due to the influence of
neritic waters. It is significant to note that they
mostly occur during post monsoon. Perumal et al.
(2009) recorded high abundance of copepods
followed by other groups in the month of November
and May-15 with rising trend of salinity along
Tamilnadu coast. Calanus sp. of copepod showed
two distinct peaks, one during November and the
other during February (Pillai, 1970) in Cochin along
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the west coast of India. Goswami (1983) recorded
Calanus sp. of copepod dominantly throughout the
year in the Zuari estuary along the southwest coast
of India. Janakiraman et al. (2013) observed Calanus
sp. of copepod dominantly along the Chennai coast.
Calanus sp. was recorded in three seasons along
southwest coast of India.

Among tintinnids, genus Tintinnopsis sp. and
Flavella sp. were the most abundant throughout the
year, along the southeast coast of India (Perumal et
al., 2009). Tintinnids were also recorded in
maximum numbers in all the station in the Dahanu
creek, Maharashtra (Kadam and Tiwari, 2012).
Tintinnopsis sp. and Paraflavella sp. were dominant in
the pre-monsoon and post-monsoon period in
Parangipettai along the southeast coast of India
(Godhantaraman, 2002). In the present study,
Tintinnopsis sp. showed a peak in post-monsoon for
all stations except reference point. Noctiluca sp. was
observed during pre-monsoon period in the
Tamilnadu coast of India (Perumal et al., 2009).

In the present study, qualitative analysis indicates
that calanoid copepods absolutely dominated the
copepod abundance throughout the year.
Abundance of various zooplanktons in the coastal
areas fluctuates in accordance with salinity regime.
Among the various groups, copepod forms a
predominant group being abundant throughout the
study period at all stations. Similar type of copepod
abundance also was recorded by Santhanam and
Perumal (2002) in Paragipettai, southeast coast of
India. Among zooplankton, copepods account for
60-80% of net-zooplankton biomass and represent
the major group of secondary producers, which play
a key role in the cycling of nutrients and energy in
marine ecosystem by forming a link between
primary and tertiary production. The abundance of
zooplankton in the coastal waters is influenced by
three factors: water movements, fish predation and
heating by the power station. Zooplankton density
during post monsoon might be due to the relatively
stable environmental condition that prevails during
this season, and the presence of large amount of
neritic element from adjacent coastal area could
have also contributed to the maximum density of
zooplankton. Further, salinity is the key factor
influencing the distribution and abundance of
zooplankton (Padmavati and Goswami, 1996).

CONCLUSION

In the present investigation, positive significant

correlation was noticed between zooplankton and
pH, DO, silicate and phosphate. The inorganic
phosphate to the upper layers may occur by
chemical composition of simple excretory products,
bacterial decomposition of organic debris and
organic compound is the predominant regeneration
process. The rate of regeneration depends upon the
temperature and the amount of plankton (Nair and
Thampy, 1980) which contains decaying
phytoplankton and zooplankton material there is a
rapid liberation of inorganic phosphate. A positive
significant correlation was observed between
zooplankton and extinction coefficient at S, when
light penetration occurred in high intensity, the
photosynthetic activity get enhanced in terms of
formation algae subsequently the phytoplankton
production leads to increase in zooplankton
production (Nair and Thampy, 1980).

The results, therefore, indicate that the effect of
thermal discharges on plankton is marginal and
confined to a relatively small area, while the coastal
waters per se are not adversely affected.

REFERENCES

Abbaspour, M, A., Javid, P., Moghimi, and Kayhan, K.
2005. Modelling of thermal pollution in coastal area
and its economical and environmental assessment.
International Journal of Environmental Science and
Technology. 2 (1):13-26.

Anantharaj, K., Packiyalakshmi, P. and Ganesh, J. 2013.
Studies on the physico chemical status of
Kattumavadi coastal region, southeast coast of
India . International Journal of Research in Marine
Sciences. 20:14-20.

Asha, P.S. 2002. Impact of effluent discharge from
Tuticorin Thermal power station, Tuticorin on
hydrobiological conditions of Tuticorin Bay. Journal
of Thermal Ecology. 31 (2):150-156.

Asha, P.S. and Diwakar, R. 2007. Hydrobiology of the
inshore waters off Tuticorin in the Gulf. Journal of
Marine Biology India. 49(6):7-11.

*Aston, S.R. 1980. Nutrients, dissolved gas and general
biochemistry in estuaries. In E. Olausson & I. Cato
(Eds.), Chemistry and Biogeochemistry of
Estuaries, New York: John-Wiley and Sons. 3: 233-
262.

Babu, M.T., Vethamony, T., Suryanarayan, A. and
Gouveia, A.D. 1998. Modelling of coastal currents
and thermal plume dispersion- A case study of
Nagapattinam, east coast of India. National
conference on current trends in Ocean circulation
with speed reference to Indian seas. Proceedings
of the national conference on “Current trends in



IMPACT OF THERMAL DISCHARGE FROM A JAIGAD COASTAL POWER PLANT 159

ocean prediction with special reference Indian
Seas”, held at Kochi, Kerala; India; 22-23 Dec
1998. (Naval physical and oceanographic
Laboratory; Thrikkakara); 7-10.

Badran, M.I. 2001. Dissolved oxygen, chlorophyll a and
nutrients: seasonal cycles in waters of the Gulf
Agaba, Red Sea. Aquatic Ecosystem Health
Management. 4(2): 139-150.

Baker, S.M. and Hornbach, D.J. 2000. Physiological
status and biochemical composition of a natural
population of unionid mussels (Amblema plicata)

infested by zebra mussels (Dreissena
polymorphaa). American Midland Natualist. 143:
443-452.

Bayne, B.l., Thompson, R.J. and Widdows J. 1976.
Physiology of marine mussels. Their ecology and
physiology. Cambridge Scientific press. UK: pp206.

Bhatkar, N., Wankhede, G.N. and Dhande, R.R.
(2004). Heavy metal induced biochemical
alterations in fresh water fish, Labeo rohita. J.
Ecotoxicology, Environ, Monit. 14 (1): 1-7.

Brett, J. R. and Groves, D.D 1979. Physiological
energetics. In W. S. Hoar, D. J. Randall, and J. R.
Brett. (eds.). Fish Physiology. Volume 8.
Bioenergetics and Growth. Academic Press, New
York: 279-352.

Choi, D.H., Park, J.S., Hwang, C.Y., Huh, S.H. and Cho,
B.C. 2012. Thermal impacts of a coal power plant
on the plankton in an open coastal water
environment. Journal of Marine Science and
Technology. 20 (2): 187-194.

DanlLing, T., Dana, R., Kester, Z. W., Jiansheng, L. and
Hiroshi, K. 2003. AVHRR satellite remote sensing
and shipboard measurements of the thermal plume
from the Daya Bay, nuclear power station, China.
Remote Sensing of Environment. 84: 506-515.

Das, T., Pal, A.K., Chakraborty, S. K., Manush, S.M.,
Dalvi, R.S., Apte, S.K., Sahu, N.P. and Baruah, K.
2009. Biochemical and stress responses of rohu
Labeo rohita and mrigal Cirrhinus mrigala in relation
to acclimation temperatures. Journal of Fish
Biology. 74 (7): 1487-1498.

Das, J., Das S.N. and Sahoo R.K. 1997. Semidiurnal
variation of some physicochemical parameters in
the Mahanadi estuary, east coast of India. /nd.
Journal of Marine Sciences. 26 (3): 23-326.

Devassy, V. P. and Bhargava, R. M. S. 1978. Dial
changes in phytoplankton population in the
Mandovi and Zuari estuaries of Goa. Mahasagar-
Bulletin of The National Institute of Oceanography.
11:(3&4): 195-199.

Dhumal, S. N. and Sabale, A. B. 2014. Phytoplankton
diversity and photosynthetic pigments with respects
to hydrology of some estuaries from Ratnagiri
district of Maharashtra. Journal of International
Academic research for Multidisciplinary. 2 (2).

FAO, 1996. Simple methods for aquaculture, soil and

freshwater fish culture. Text: A.G.Koche. Food and
Agriculture Organization of the United nations.
Training series, ISBN 92-5-101355-1: 31-36

Gadhia, M., Surana, R. and Ansari, E. 2012. Seasonal
variations in physico-chemical characterstics of
Tapi estuary in Hazira industrial area. Our Nature
(2012) 10: 249-257

Ganapati, P.N. and Rao, D.V.S. 1958. Qualitative studies
of plankton off Lawson’s Bay, Waltair, Proceedings
of Indian Academy of Science. 48: 189-209.

George, B., Kumar, J. I. N., Kumar, R. N. 2012. Study on
the influence of hydro-chemical parameters on
phytoplankton distribution along Tapi estuarine
area of Gulf of Khambhat, India. Egyptian Journal of
Aquatic Research. 38: 157-170.

Gupta, T.R.C., Katti, R.J., Hariharan, V., Satish, M.S.,
Gowda, G. and Shetty, H.P.C. 1988. Ecological
monitoring in the Arebian sea off Mangalore before
and after a decade of receiving effluent.
Proceeding: The first Indian fisheries forum, held at
Asian fisheries society, Indian branch, Manglore:
Date: 2: 95-302.

Gupte, A. and Shaikh, N. 2014. Sediment Analysis of
Shelar Lake, Maharashtra. Global Journal of
Science Frontier Research: H Environment & Earth
Science. 14 (3): 11-13.

*Hochachka, P. W. and Somero, G.N. 1984. Biochemical
adaptions. Princeton, N.J; Prenceton University
Press, Hopkins Marine Station, Stanford University,
Pacific Grove, California pp537.

Hotekar, S.P. 2011. Water quality in relation to plankton
composition of Bhagwati Bandar, Ratnagiri.M.F.Sc.
Thesis, Balasaheb Sawant, konkan Krishi
Vidyapith, Dapoli, Ratnagiri pp 119.

Huang, W. and Jones, W.K. 2016. Field experiment and
hydrodynamic modeling of a stratified estuary in
Florida, USA, International Conference on
Estuaries and Coasts: 611-617

Hummel, H. L., Wolf, De. and Fortuin, A.W. 1989. The
annual cycle of glycogen in esturine benthic
animals. Hydrobiological Bulletin. 22: 199-202.

Ivanina, A.V., Dickinson, G. H., Matoo, O.B., Bagwe, R.,
Dickinson, A., Beniash, E. and Sokolova, |.M. 2013.
Interactive effects of elevated temperature and CO,
levels on energy metabolism and biochemical
compositions of marine bivalves Crassostrea
virginica and Mercenaria mercenaria. Comparative
Biochemical Physiology. 166(1): 10-11.

Jha, A.K., Vijayavel, K. and Gopalakrishnan, S. 1991.
Biochemical constituents and bioaccumulation as
biomarkers in the green mussel Perna viridis.
Toxicological & Environmental Chemistry. 89: 2-11.

Jones, A. and Preston, D. 2004. Effects of temperature on
non-specific immune parameters in two scallop
species: Argopecten irradians (Lamarck 1819) and
Chlamys farreri). Aquaculture Research. 35(7).
678-682.



160 TEKADE ET AL

Julie, M.R., Christa, J.C., Joseph, J.R and Lara, J.H.
2005. Effects of global climate change on marine
and estuarine fishes and fisheries. Reviews in Fish
Biology and Fisheries. 14: 251-275.

Kadam, S. S. and Tiwari, L. R. 2012. Zooplankton
composition in Dahanu creek-west coast of India.
Research Journal of Recent Sciences. 1 (5): 62-65.

Kailasam, M. and Sivakami, S. 1996. The effect of thermal
effluent discharge on benthic fauna of Tuticorin bay.
Indian Journal of MarineScience. 25 (2): 371-372.

Kanchan, S., Kumar, V., Yadav, K.K., Gupta, N., Arya, S.
and Sharma, S. 2015. Effect of fly ash disposal on
ground water quality near Parichha thermal power
plant, Jhansi: a case study. Current world
Environment. 10(2): 572-580.

Kawall, H.G. and Somero, G.N. 1996. Temperature
compensation of enzymatic activities in brain of
Antarctic fishes: evidence for metabolic cold
adaption. Antarctic Journal of the United States. 31
(2): 115-117.

Karuppasamy, P.K. and Perumal, P. 2000. Biodiversity of
zooplankton at Pichavaram mangroves, South
India. Advances in Bioscience. 19 (1): 23-32.

*Kester, D. R. and Pytkowicz, R.M. 1970. Determination
of the apparent dissociation constants of
phosphoric acid in seawater. Limnology and
Oceanography. 12 : 243-252.

Khanna, D.R. and Bhutiani, R. 2008. Laboratory manual
of water and wastewater analysis. Daya publication
house, New Delhi, pp1-183.

Koundinya, P. R. and Ramamurthy, R. 1978. Effect of
Sumithion (Fenitrothion) on some selected enzyme
systems in the fish, Tilapia mossambica (Peters).
Indian Journal of Experimental Biology. 18: 809-
811.

*Kundu, S., Mondal, N., Lyla, P.S. and Khan, S.A. 2010.
Biodiversity and seasonal variation of macro-
benthic infaunal community in the inshore waters of
Parangipettai Coast. Environmental Monitoring and
Assessment. 163: 67-79.

*Le Blanc, T.W., Maria, L.K. and Kamal, A.H. mportance
of Frozen Storage Temperature in the Type of
Aggregation of Myofibrillar Proteins in Cod (Gadus
morhua). 1;19(5): 460-466. .

*McCreary, J. P., Han, W., Shankar, D. and Shetye, S. R.
1996. Dynamics of the East India coastal current -
2: Numerical solutions. Journal of Geophysical
Research. 101: 13993-14010.

Madhupratap, M., Prasanna Kumar, S., Bhattathiri, P. A.,
Kumar, M. D., Raghukumar, S., Nair, K.K.C. and
Ramaiah, N. 1996. Mechanism of the biological
response to winter cooling in the Northeastern
Arabian Sea. Nature. 384 (1) : 549-552.

Manivanan, R. and Singh, C.B. 2013. Modeling of
Diffusion and Dispersion of Hot water Discharge
vis-a-vis Hydrothermal-Informatics.” Central Water
and Power Research Station, Pune, Maharashtra,

India. National conference on hydraulics, water
resources, coastal and environmental engineering,
December 16-18, 2010.

*Manush, S. M., Pal, A. K., Chatterjee, N., Das, T. and
Mukherjee, S.C. 2004. Thermal tolerance and
oxygen consumption of Macrobrachium rosenbergii
acclimated to three temperatures. Jounal of
Thermal Biology. 29: 15-19.

Mishra, S. D. and Panda, R.C. 1993. Panigrahy: Phy sico-
chemical characteristics of the Bahuda estuary
(Orissa), east coast of India. Indian Journal of
Marine. Science. 22: 75-77.

Mukhopadhay, M. K., Ghosh, B. B. and Bagchi M. M.
1987. Preliminary observations on the impact of
some industrial wastes on prawn fisheries of
Hoogly estualy. Journal of the Indian Society of
Coastal Agriculture Research. 5: 293-296.

Murty, C.S. and Varadachari, V.V.R. 1968. Upwelling
along the east coast of India, Bulletin of National
Institute of Science, India, 36: 80- 86.

Murugaian, P., Ramamurthy, V. and Karmegam, N. 2008.
Effect of Temperature on the Behavioural and
Physiological Responses of Catfish, Mystus gulio
(Hamilton). Journal of Applied Sciences Research.
4(11): 1454-1457.

Muthulakshmi, A.L., Usha N., Deepthi, K., Vincent A.,
Ferrer, N. and Venugopalan, V. P. 2012. Temporal
Variability in Coastal Waters of Kalpakkam, India.
Archives of Environmental Science. 6 : 118-131.

Muthulakshmi, A. L., Usha, N., Vincent, A., Ferrer, N.,
Deepthi, K., Venugopalan, V. P. and Narasimhan,
S. V. 2013. A Novel Technique to Monitor Thermal
Discharges using Thermal Infrared Imaging.
Environment Science: Processes & Impacts, 15:
1729-1734.

Muthukumaravel, K., Vasanthi, N., Sivakami, R.,
Kandasami, D. and Sukumaran, N. 2012. Physico-
chemical characteristics of Arasalar estuary
Karaikal southeast coast of India. International
Journal of Institutional Pharmacy and Life Sciences
2(3): 12-21.

Nagabhushanam, R. and Mane, U.H. 1978. Seasonal
variation in the biochemical composition of Mytilus
viridis at Ratnagiri, on west coast of India.
Hydrobiology. 57: 69-72.

Naik, S., Acharya, B.C. and Mohapatra, A. 2009.
Seasonal variations of phytoplankton in Mahanandi
estuary, east coast of India. Indian Journal of
Marine Sciences. 38 (2): 184-190.

Nair, K.V.K. and Ganapathy, S. 1983. Baseline ecology of
Edaiyur-Sadras and Estuarine systems at
Kalpakkam”, General Hydrographic and Chemical
Feature. 16: 143-151.

Nair, M. R. and Appukuttan, K.K. 2003. Effect of
temperature on the development growth, survival
and settlement of green mussel Perna viridis.
Aquaculture Research. 34: 1037-1045.



IMPACT OF THERMAL DISCHARGE FROM A JAIGAD COASTAL POWER PLANT 161

Nair B., N. and Thampy, D.M. 1980. A textbook of Marine
Ecology., The Macmillan company of India limited,
Published by the Macmillan company of India
limited Delhi: pp352.

Onyema, I.C., Okpara, C.U., Ogbebor, C.l. Otudeko, O.
and Nwankwo, D.I. 2007. Comparative studies of
the water chemistry characteristics and temporal
plankton variations at two polluted sites along the
Lagos lagoon, Nigeria. Ecology, Environment and
Conservation. 13: 1-12.

Olaniyan, C.1.O. 1975. An introduction to West African
Ecology. Heinemann Education Books Ltd.,
London. pp170.

Onyema, I.C., Otudeko, O.G. and Nwankwo, D.I. 2003.
The distribution and composition of plankton around
a sewage disposal site at Iddo, Nigeria. Journal of
Scientific Research Development. 7: 11-26.

Padmavati, G. and Goswami, S. C. 1996. Zooplankton
ecology in the Mandovi-Zuari estuarine system of
Goa, west coast of India. Indian Journal of Marine
Sciences, 25(3): 268-273.

Palleyi, S., Kar. R. N. and Panda, C. R. 2008. Seasonal
variability of phytoplankton population in the
Brahmani estuary of Orissa, India. Journal of
Applied Science Environment Management. (3):
19-23.

Palleyi, S., Kar, R. N., Panda, C. R. 2011. Influence of
water quality on the biodiversity of phytoplankton in
Dharma river estuary of Odisha coast, Bay of
Bengal. Journal of Applied Science Environment
Management. 15 (1): 69-74.

Paramasivam, S. and Kannan, L. 2005. Physico-
chemical characteristics of Muthupettai mangrove
environment, Southeast coast of India. International
Journal of Ecology and Environmental Sciences. 31
(2): 273-278.

Paharaj, T., Swain, S. P., Powell, M. A., Hart, B. R. and
Tripathy, S. 2002. Delineation of groundwater
contamination around an ash pond Geochemical
and GIS approach. Environment International. 27:
631-638.

Patil, B.M., Kothandaraman, A.L., Kanetkar, C.N.,
Ranganath, L.R. and Manivanan, R. 2004.
Simulation of warm water dispersion in coastal
environment. 3rd Indian National Conference on
Harbour& Ocean Engg, NIO, Goa, 7-9 December
(2004), Coastal process and CZM.

Pednekar, S. M., Matondkar, S. G. P., Gomes, H. D. R,,
Goes, J. I., Parab, S. and Kerkar, V. 2011. Fine-
scale responses of phytoplankton to freshwater
influx in a tropical monsoonal estuary following the
onset of southwest monsoon. Journal of Earth
System Science. 120 (3): 545-556.

*Perumal, P., Ashokprabu V., Nedumaran, T. and
Santhanam, P. 2009. Studies on behaviour and
survival rate of Oithona rigida Giesbrecht
(Copepoda: Cyclopoida) fed with Coscinodiscus

centralis Ehrenberg and Skeletonema costatum
(Grev) Cleve. Seaweed Res. Utiln., 22, 135- 137.

Poole, H.H. and Atkins, W.R.G. 1929. Photometric
measurements of submarine illumination
throughout the year. Marine Biology. Ass. U.K.J.
16:297-324

Poornima, E.H., Rajadurai, M., Rao, T.S., Anupkumar, B.,
Rajmohan, R., Narasimhan, S.V., Rao, V.N.R. and
Venugopalan, V.P. 2005. Impact of thermal
discharge from a tropical coastal power plant on
phytoplankton, Journal of Thermal Biology. 30: 307-
316.

Qasim, S. Z. 1980. Adaptation in phytoplankton to
changing condition in tropical estuaries. Mahasagar
- Bulletin of the National Institute of Oceanography.
13 (2):117-124.

RajagopalHYPERLINK “https://www.ncbi.nlm.nih.gov/
pubmed/?term=Rajagopal%20S%5BAuthor%5
D&cauthor=true&cauthor_uid=15924997",
HYPERLINK*https://www.ncbi.nlm.nih.gov/pubmed/
?term= Rajagopal %20S%5BAuthor% 5D&cauthor=
true&cauthor uid=15924997”S.,Van
G.HYPERLINK “https://www.ncbi.nIm.nih.gov/
pubmed/?term=Van%20der%20Gaag%20M%5B
Author%5D&cauthor=true&cauthor_
uid=15924997"M. and JennerHYPERLINK “https://
www.ncbi.nlm .nih.gov/pubmed/?term=Jenner%
20HA%5BAuUthor%5D&cauth or=true& cauthor_
uid=15924997”,HYPERLINK “https://www.ncbi.
nim.nih.gov/pubmed/?term=Jenner%20 HA%5B
Author% 5D&cauthor= true&cauthor_uid=
15924997"HHYPERLINK*https://www.ncbi.
nim.nih.gov/pubmed/?term=Jenner% 20HA%5
BAuthor%5 D&cauthor= true& cauthor_uid=
15924997” . HYPERLINK “https://www.ncbi. nlm.
nih.gov/pubmed/?term=Jenner% 20HA% 5B
Author%5D&cauthor=true&cauthor_uid=
15924997”A. 2005. Upper temperature tolerances
of exotic brackish-water mussel, Mytilopsis
leucophaeata (Conrad): an experimental study.
Marine HYPERLINK “https://www. ncbi.nlm.nih.gov/
pubmed/15924997” Environ HYPERLINK*https://
www.ncbi.nlm.nih.gov/pubmed/15924997”"ment
HYPERLINK “https://www.ncbi.nlm. nih.gov/
pubmed/15924997” Res HYPERLINK “https://
www.ncbi.nlm.nih.gov/pubmed/15924997”earch.
60(4): 512-30.

Rajagopal, S., Venugopalan, V.P., Nair, K.V.K. and
Azariah, J. 1995. Response of green mussel, Perna
viridis (L.) to chlorine in the context of power plant
biofouling control. Marine Freshwater Behaviour
Physiology, 25:261-274.

*Rajashekhar, A.V., Lingaiah, M.S., Satyanarayana, R.
and Shankar, R.P. 2005. The studies on water
quality parameters of a minor reservoir, Nadergul,
Rangareddy district, Andhra Pradesh. Journal of
Aquatic Biology. 22 (1): 118-122.



162 TEKADE ET AL

Ramachandra, T.V., Sudarshan, P., Bhat, D., Madhab, M.
and Gautham, K. 2016. Impact of indiscriminate
disposal of untreated effluents from thermal power
plant on water resources. Indian Journal of
Environmental Protection. 32: 705-718.

*Ramakrishnan, R., Perumal, P. and Santhanam, P.
1999. Spatio-temporal variations of hydrographical
features in the Pichavaram mangroves and Mohi
aqua farm, Southeast coast of India. In: Proc. Intl.
Sem. Appl. Hydrogeochem., Annamalai University,
Annamalai Nagar, India, Published by Dept. of
Geology, Annamalai University, Chidambaram,
Tamil Nadu: 197-203.

Reynolds, C.S. 1984. The ecology of freshwater
phytoplankton. Combridge University press.
(London): 1-138.

*Rousseau, V., Leynaert, A., Daoud, N. and Lancelot, C.
2002. Diatom succession, silicification and silicic
acid availability in the Belgian coastal waters
(Southern North Sea). Marine Ecology Progress
Series. 236: 61-73.

Saha, S.B., Bhattacharyya, S.B. and Choudhury, A. 2001.
Photosynthetic activity in relation to hydrobiological
characteristics of a brackishwater tidal ecosystem
of Sundarbans in west Bengal, India, International
Society for Tropical Ecology. 42(1): 111-115.

Sampathkumar, P., Perumal, P. and Kannan, L. 2015.
Seasona] variations in physico chemical
characteristics in the Tranquebar - Nagapattinam
region, southeast coast of India. Pollution
Research. 17: 397-402.

Santhanam, P. and Perumal, P. 2002. Diversity of
zooplankton in Parangipettai coastal waters,
southeast coast of India. Journal of Marine Biology
India. 45: 144-151.

Santhanam, R., Ramanathan, N.,Venkataramanujam, C.
and Jagatheesan, G. 1987. Phytoplankton of the
Indian seas. Daya publishing house, Delhi (India)
pp. 1-280

Saravanane, N., Nandakumar, K., Durairaj, G. and Nair,
K.V.K. 2000. Plankton as indicators of coastal water
bodies during south-west to north-east monsoon
transition at Kalpakkam. Current Science India, 78:
173-176.

*Sastry, K.V. and Subhadra, K. 1982. EffecHYPERLINK
“https://www.ncbi.nim.nih.gov/pubmed/7157415"t of
cadmium on some aspects of HYPERLINK “https:/
/www.ncbi.nlm.nih.gov/pubmed/
7157415 carbohydrate metabolism in a freshwater
catfish HYPERLINK “https://www.ncbi.nlm.nih.gov/
pubmed/7157415"Heteropneustes
fossilisHYPERLINK “https://www.ncbi.nlm.nih.gov/
pubmed/7157415”. Toxicology Lett.14 (1-2):45-55.

*Satpathy, K.K. 1996. Seasonal distribution of nutrients in
the coastal waters of Kalpakkam, east coast of
India. Indian Journal of Marine Science. 25 (1): 221-
224,

*Schubel, J.R. and Marcy, B.C. 1978. Power Plant
Entrainment—A. Biological Assessment. Academic
Press, Inc., New York: 19-189.

Selvin, P., Ananthan, J. and Sudhakar, M. 2010. Studies
on the Effect of Coolant Water Effluent of Tuticorin
Thermal PowerStation on Hydro-biological
Characteristics of Tuticorin Coastal Waters, South
East Coast of India. Current Research Journal of
Biological Sciences. 2(2): 118-123.

Sekar P.C., Poongothai S. and Neelakantan M.A. 2009.
Impact of industrial pollution on the
physicochemical characteristics of sea water in
Thoothukudi coastal area.Rasayan Journal of
Chemistry. 2 (4): 912-919.

Shelar, P.S. 2012. Effect of thermal power plant effluent
on the water and sediment quality characteristics of
Thoothukudi coastal water. M.F.Sc Thesis.
Fisheries college and Research Institute,
Tamilnadu Veterinary and Animal Science
University, Thoothukudi.: pp128.

*Shiliang, C.J., Wang, S., Hong, H. and Wang, X. 2004.
Implications of oil pollution in production of disease
in marine organisms. Aquatic Toxicology. 297: 385-
399.

Shinde, T.K., Khambalkar, U.V. and Manivanan, R. 2017.
Numerical model study of dispersion of hot water
from Dahanu thermal power station. International
Journal of Scientific & Engineering Research. 8 (3):
113-119.

Singh, G., Kumar, R. and Kumar, P. 1999. Assessment of
Trace Elements Leaching of Coal Combustion
Residues from BokaroThermal power station.
Journal of Environmental Sciences and
Enggineerig. 49(1): 77-86.

Snedecor, G. W. and Cocharan, W.G. 1967. Statistical
methods. Sixth ed. Oxford and IBM publishing Co.,
New Delhi,: pp593.

Sonawane, S.M. 2015. Impact of Effluent Discharge from
Thermal Power Station on Status of Fish Species of
river Tapi at Bhusawal, District Jalgaon
Maharashtra. I0SR Journal of Environmental
Science, Toxicology and Food Technology (IOSR-
JESTFT). 9 (7): 63-72

*Stephns, C. and Oppenheime, C.H. 1972. Silica contents
in the Northwestern Florida Gulf Coast. Contribution
to Marine Science, University of Texas.16: 99-108.

* Strickland, J.D.H. and Parsons, T.R. 1972. A Practical
Handbook of Seawater Analysis. Bull. Res. Bd.
Can: 167-310.

Suresh, K., Ahamed, M.S., Durairaj, G. and Nair, K.V.K.
1993. Impact of power plant heated effluent on the
abundance of sedentary organisms of Kalpakkam
east coast of India. Hydrobiologia. 268: 109-114.

Tripathy, J.K. and Panigrahi, J.K. 2011. Numerical
simulation of advection-dispersion for monitoring
thermal plume re-circulation in a shallow coastal
environment. Department of Remote Sensing &



IMPACT OF THERMAL DISCHARGE FROM A JAIGAD COASTAL POWER PLANT 163

GIS, North Orissa University, India. Applied Ecology
and Environmental Research. 9(4): 341-354.

*Turner, R.E., Quereshi, N., Rabalais, N.N., Dortch, Q.,
Justic, D., Shaw, R.F. and Cope, J. 2009.
Fluctuating silicate: nitrate ratios and coastal
plankton food webs. Proceding at National
Academic Science. 95: 13048- 13051.

Untawale, A. G. and Parulekar, A. H. 1976. Some
observations on the ecology of an estuarine
mangrove of Goa. Mahasagar. 9: 1-2.

Vaidyaraman, P.P., Rajagopalan, K.S. and Patil, B.M.
2008. Mathematical Modeling of Hydrothermal
Recirculation for Trombay Thermal Power station.
International Symposium on New Technology in
Model Testing in Hydraulic Research. Journal of
Environmental Biology, ISSN : 0254-8704 29(6):
945-950.

Verween, A., Vincx, M. and Degraer, S. 2007. The effect
of Temperature and Salinity on the survival of
Mytilopsis leucophaeate larvae (Mollusca, Bivalve):
the search for environmental limits. Journalof
Experimental Marine Biology. and Ecology. 348:
111-120.

Vijay, A.R. 2009. Influence of temperature on some
biological parameters of Perna viridis (Linnaeus,
1758). M.F.Sc Thesis. Dr. Babasaheb Sawant
Kokan Krishi Vidyapeeth, Dapoli, pp 51.

Wang, J., Jiang, H. and Tang, Q. S. 2002. Oxygen
consumption and ammonia-N excretion rates of
Chalmys farrri. Chinese Journal of Applied.
Ecology. 13(9): 1157-1160.

Wen-Tseng, L., Pei-Kai, H., Fang, T., Jian-H. and Hung-
Yen, W. 2016. Phytoplankton Communities
Impacted by Thermal Effluents off Two Coastal
Nuclear Power Plants in Subtropical Areas of
Northern Taiwan. Terrestrial, Atmospheric and
Oceanic Sciences. 27(1): 107-120.

Yadav, R.K., Sharma, S., Saini, Y. and Kalla, S. 2010.
Environmental assessment of underground water
quality near Suratgarh super thermal power plant in
Sriganganagar district, Rajasthan. The Ecoscan,
4(4): 347-349.

Zwaan, D.A. and Zhandee, D.l. 1972. Body distribution
and seasonal changes in the glycogen content of
the common sea mussel, Mytilus edulis.
Comparative Biochemistry and Physiology. 43 A:
53-83.

Zar, J.H. 2004. Biostatistical Analysis. Fourth ed. Tan
prints (I) Pvt. Ltd., Delhi, India: pp. 663.

*Zhang, H., Ping, Ji., Zhao, Y., Zeng, J.Y. and Chen, X.
2015. Numerical Modelling Study on Heat
Dispersion of Cooling Water for Inland Power
Plants. China Institute of Water Resources and
Hydropower Research. 21(1): 5-11.




