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ABSTRACT

The present study was conducted to investigate the impact of industrial effluents on the water charac-
teristics of Kayamkulam estuary, in the south west coast of India. The surface water samples from ten
selected stations of the entire stretch of the estuary and also the effluents discharged from the indus-
tries (NTPC and KMML) were collected in the pre-monsoon and monsoon seasons of the year 2012.
Various physico-chemical parameters of water and effluent samples have been determined following
standard analytical methods. The values obtained were compared with surface water quality standards
given by CPCB criteria. The values of EC, TDS, BOD, sodium, total alkalinity, total hardness, calcium,
sulphates, chlorides, salinity and SAR of water samples in some stations exceeded the standard permis-
sible limits of surface water quality. The effluent characteristics analyzed indicate that the concentra-
tion of pollutants were higher in KMML effluents than that of NTPC effluents. Results of the analyses
showed that the water of the estuary is not suitable for irrigation and outdoor bathing without proper
treatment. Recommendations to manage the pollution load of the Kayamkulam estuary are also men-
tioned in this study.

INTRODUCTION

Aquatic pollution and the resulting ecological im-
balance are the undesirable side-effects of rapid in-
dustrialization and dense human settlements. Many
industrial units in Kerala are situated in coastal zone
because of the assumption that rivers, estuaries,
beaches are the cheapest, convenient and safest  areas
for dumping the industrial waters. In order to safe-
guard the water bodies, there is a need to examine the
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physico-chemical characteristics of the  water bodies
(Aravindkumar, 2004). Many of the  estuarine water
bodies in our state are in a very pathetic condition
due to various anthropogenic activities. The main con-
taminants are sewage, industrial waste,  agricultural
waste and physical pollutants, viz, heat (thermal
pollution) and radioactive substances (Agarwal, 1996).
Estuaries are the integral part of the coastal environ-
ment. Estuaries have variable physico-chemical prop-
erties. The fluctuation creates a stressful environment
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for aquatic organisms. One of the important variables
in estuarine waters is the oxygen content since the
solubility of oxygen in water decreases with increased
temperature and salinity. Two-thirds of all fishes
depend on the estuarine zone during some part of
their life cycle. The study area, Kayamkulam estuary
is one of the major estuarine systems in the southern
coasts of India and it is one of the most scenic back-
waters in Kerala and it is popular for inland fishing.
Kayamkulam estuary has been subjected to pollution
due to effluent discharge from factories like National
Thermal Power Corporation (NTPC), Kayamkulam
and Kerala Minerals and Metals Ltd. (KMML),
Chavara. The sewage discharged is also causing se-
vere damage to the fishery resources of the estuary. In
the present study, an attempt has been made to evalu-
ate the physico-chemical characteristics of
Kayamkulam estuary and assess the extent of pollu-
tion caused by different anthropogenic activities and
by industrial effluents.

MATERIALS AND METHODS

Study area and Sampling stations

Kayamkulam estuary located in the coastal land of
Alappuzha and Kollam districts, is a linear water
body stretching from Karthikapalli (Alappuzha) in
the north and Chavara (Kollam) in the south. It
meets the Lakshadweep Sea at Ayiramthengu in
Alappuzha district. The Kayamkulam estuary has
an area of 59.57 sq. km, length of about 30 km. The
width of the estuary varies between a few tens of
meters over a kilometer. It connects the Ashtamudi
Lake by the Chavara - Panmana canal. The depth
of the estuary at different sampling stations were
measured and the average depth is recorded as
0.8558 m. The estuary lies between 09014’42.9’’N
to 08057’40.8’’N latitude and 076025’25.8’’E to 0760
32’18.3’’E longitude. In the present study, ten sam-
pling stations were selected. The location map of the
study area and sampling stations are given in Fig.1.

The first sampling station (S1) is at Karthikapalli
(Alappuzha). In this station, three canals
(Pulikkeezhu Ar, Thrikkunnapuzha and
Karthikapalli Ar) join to form the Kayamkulam
estuary. Station 2 (S2) is the effluent discharge point
from NTPC. Station 3 (S3) is Kanakakunnu and there
is domestic waste discharge in this area. Station 4
(S4) is Valiyazhikkal near to Pozhi, connecting to
the Arabian sea. Station 5 (S5) is Govindamuttam

and it is also receiving domestic wastes. Station 6 (S6)
is Ayiramthengu near to the harbour. Station 7 (S7) is
Thurayilkadavu and station 8 (S8) is Panickarkadavu,
which are the sites of domestic waste water discharge.
Station 9 (S9) is Chittoormekkadu and this site receives
effluents from KMML. The station 10 (S10), Chavara
is the joining point between Kayamkulam estuary and
Ashtamudi Lake. The surface water samples were
collected during the pre monsoon and monsoon sea-
sons of the study period. The effluents discharged
from the industries, NTPC and KMML were also col-
lected in the monsoon season. Temperature of the
water samples was measured at the sampling sites
itself. Samples for DO and BOD determination were
collected in BOD bottles, and the DO was fixed im-
mediately in the field itself. All the samples were
collected in labeled plastic bottles and transported
to the laboratory for the analysis of various water
quality parameters. The physico-chemical charac-
teristics of the water samples were analyzed follow-
ing the methods described in APHA (1995) and by
Trivedy and Goel (1986) and by Saxeena (1998).

RESULTS AND DISCUSSION

The results of the physical and chemical analyses
of water samples collected from the different study
stations during the pre monsoon and monsoon
seasons were given in Table 1 and 2 respectively.
The water samples collected from S1, S2, S3, S4, S7
and S8 of Kayamkulam estuary were with unobjec-
tionable colour and odour. The water samples from
stations 5, 6 and 10 showed greenish colour with
objectionable odour. The water samples from
station 9 showed yellowish brown colour and with
no specific odour. The surface water temperature
of estuary ranged between 280C to 330C. The fluctu-
ated values of water temperature were due to the
mixing of effluents from different anthropogenic ac-
tivities and seasonally. The temperature differences
in the water body may affect the fish diversity. The
majority of water samples showed alkaline pH
except in stations 1, 9 and 10. The water samples
collected from station 9, near KMML effluent discharge
area was highly acidic in nature. The values of  elec-
trical conductivity varied in different stations and
highest value was reported in station 4 (38860µS/cm).
The high  electrical conductivity value recorded in
station 4, is due to the increased dissolved salt con-
tent in this station, that is near the Pozhi, which was
connected to the sea during the monsoon season.



IMPACT OF INDUSTRIAL EFFLUENTS ON THE HYDROCHEMICAL 45
T

ab
le

 1
.  

Ph
ys

ic
o-

C
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s 
of

 K
ay

am
ku

la
m

 E
st

ua
ry

 W
at

er
 d

ur
in

g 
Pr

e-
M

on
so

on
 s

ea
so

n

Pa
ra

m
et

er
s

Sa
m

pl
in

g 
St

at
io

ns

S1
S2

S3
S4

S5
S6

S7
S8

S9
S1

0

T
em

pe
ra

tu
re

 (
o C

)
30

30
30

31
33

31
31

31
32

32
pH

6.
75

7.
2

7.
13

7.
34

7.
24

7.
3

7.
4

7.
25

3.
64

5.
9

El
ec

tr
ic

al
 C

on
du

ct
iv

ity
 (
μS

/c
m

)
31

67
0

14
40

0
27

11
0

38
86

0
32

24
0

17
77

0
13

70
69

3.
7

12
93

30
37

TD
S 

(m
g/

L)
99

36
43

88
83

96
14

42
0

98
88

52
00

41
2

24
4

61
6

56
08

D
O

 (
m

g/
L)

4.
67

2.
43

5.
89

6.
09

7.
72

4.
47

4.
87

7.
11

2.
03

5.
08

BO
D

 (
m

g/
L)

2.
44

1.
62

2.
24

1.
63

2.
24

0.
6

1.
 2

1
3.

45
1.

22
3.

25
N

itr
at

es
 (

m
g/

L)
6.

25
2.

64
1.

91
4.

6
3.

08
2.

05
9.

04
5.

29
28

.3
8

4.
85

Su
lp

ha
te

s 
(m

g/
L)

18
1.

15
13

8.
93

19
8.

93
41

0.
97

21
9.

29
18

9.
02

75
.6

6
0.

97
8.

31
21

5.
66

In
or

ga
ni

c 
Ph

os
ph

at
es

 (
m

g/
L)

0.
09

0.
15

0.
18

0.
01

0.
1

0.
11

0.
25

0.
05

0.
19

0.
00

6
So

di
um

 (m
g/

L)
82

.6
15

0.
3

30
2.

2
58

3.
3

38
2.

5
19

0.
8

11
.7

6.
4

5.
2

36
7.

3
Po

ta
ss

iu
m

 (m
g/

L)
10

2.
6

52
.1

88
.5

14
1.

3
10

6.
1

59
.8

8.
6

6.
6

12
10

1.
2

T
ot

al
 A

lk
al

in
ity

 a
s 

C
aC

O
3 

(m
g/

L)
12

0
24

0
14

0
14

0
16

0
12

0
80

40
20

12
0

To
ta

l 
H

ar
dn

es
s 

as
 C

aC
O

3 (
m

g/
L)

16
00

80
0

16
00

53
00

16
00

25
00

30
0

10
0

16
0

18
00

C
al

ci
um

 a
s 

C
aC

O
3 

(m
g/

L)
20

0.
4

24
0.

48
20

0.
4

18
4.

36
12

0.
24

72
.1

4
16

.0
3

32
.0

6
56

.1
1

96
.1

9
M

ag
ne

si
um

 a
s 

C
aC

O
3 

(m
g/

L)
5.

36
1.

46
5.

36
14

.6
1

0.
48

7.
79

0.
48

0.
48

0.
48

2.
92

C
hl

or
id

e 
(m

g/
L)

11
36

0
85

20
13

49
0

16
33

0
16

33
0

99
40

49
70

56
80

42
60

13
49

0
Sa

lin
ity

 (
m

g/
L)

20
50

4.
8

15
37

8.
6

24
34

9.
5

29
47

5.
7

29
47

5.
7

17
94

1.
7

89
70

.8
8

10
25

2.
4

76
89

.3
3

24
34

9.
5

SA
R

8.
14

3
13

.6
65

29
.7

94
58

.4
8

49
.2

33
30

.1
81

4.
07

2
1.

58
6

2.
34

60
52

.1
76

High levels of dissolved solids may aes-
thetically unsatisfactory for bathing and
living. The study shows seasonal fluctuation
in the concentration of total dissolved solids
(TDS) in different stations and it was higher
during monsoon. The concentration of total
alkalinity during pre-monsoon and monsoon
seasons varied from 20 mg/L to 240 mg/L as
CaCO3. Dissolved Oxygen content was much
less in stations 2 (2.43 mg/L) and 9 (2.03 mg/
L) during pre-monsoon season, and in station
5 (2.43 mg/L) during monsoon season. DO
content of water samples in all other stations
of the estuary are within the permissible lim-
its of surface water quality standards (CPCB,
1999). The BOD values of water samples from
most of the study stations of the estuary
during pre-monsoon season, were within the
standard permissible limits of surface water
quality except in stations 8 and 10. It was also
found that the BOD values of the estuary
recorded during the monsoon season were
within the desirable limits of surface water stan-
dards (CPCB, 1999). Nitrate values of the
water samples collected during pre-monsoon
were within the permissible limit except in
station 9 (28.83 mg/L), and this may be due to
addition of nitrates from the effluent dis-
charged from KMML to this area. The concen-
tration of sulphates in water samples ranged
between 0.97mg/L to 1142.47mg/L during the
study period. The highest values of sulphate
content in water samples collected during  pre-
monsoon and monsoon seasons were at
stations 4 (410.94 mg/L), near to the Pozhi  and
at station 6 (1142.47 mg/L), the Ayiramthengu
harbour. The concentrations of inorganic phos-
phates in all the water samples were within
the permissible of limits of CPCB.

The sodium content in water showed high
values in most of the study stations of the
Kayamkulam estuary. The concentration of
sodium ions is remarkably high in saline and
brackish     waters. In pre-monsoon, the high-
est values for sodium were recorded at stations
4, which is near to the Pozhi. The concentra-
tion of potassium in the  estuary water recorded
high values during monsoon season. The high-
est values for potassium were recorded at sta-
tions 4 and 6, during the pre-monsoon and
monsoon seasons. Hardness values obtained
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for most of the water samples collected dur-
ing pre-monsoon season, and for all the
samples studied during the monsoon season
are within the category of hard water. The con-
centration of calcium ranged between
16.03mg/L to 240.48mg/L as CaCO3 during
pre-monsoon, and 40.08mg/L to 480.96mg/
L as CaCO3 during monsoon season. The con-
centration of magnesium in estuary water is
comparatively less than the calcium content.
The distribution of chloride in estuary water
during the two seasons exceeded the permis-
sible limits of surface water quality standards
(CPCB, 1999).  During monsoon season, the
salinity of water from all the  stations recorded
very high values. Salinity is mainly due to the
presence of chlorides. SAR values obtained
for most of the water samples exceeded the
standard limits prescribed by CPCB (1999).

The concentration of heavy metals in wa-
ter samples collected during pre monsoon
were analysed, and the results of the cadmium,
chromium and iron content estimated are
given in Fig. 2. Highest value for cadmium
content was recorded as 0.21mg/L, and the
chromium content ranged from 0.08mg/L to
0.231mg/L in the estuary water. The iron  con-
tent in water varied from 0.093mg/L to
0.474mg/L. The concentration of chromium
in all the study stations exceeded the permis-
sible limits of surface water quality standards.
The concentration of iron in surface water
sample from station 9 was found beyond the
standard limit, and it may be due to the addi-
tion of iron salts in the effluents discharged
from KMML industry.

The physico-chemical characteristics of
the    National Thermal Power Corporation
(NTPC), Kayamkulam and the Kerala Miner-
als and Metals Ltd., Chavara (KMML) indus-
trial effluents were given in Table 3. Effluent
from NTPC was colorless and that from
KMML showed yellowish brown colour. Most
of the physico-chemical parameters from
NTPC are within the standard limits for the
discharge of industrial effluents to inland
surface water (Raman and Devotta, 2006). In
the case of KMML effluents, the values re-
corded for BOD,  total hardness, chlorides and
iron were high compared to that of NTPC
effluents. The values  obtained for pH and
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Table 3. Physico-chemical Characteristics of NTPC and
KMML Effluents

Parameters NTPC KMML

Temperature (oC) 33 32
pH 6.21 5.45
Electrical Conductivity 1092 1.380
(μS/cm)
TDS (mg/L) 436 1048
DO (mg/L) 6.504 4.878
BOD (mg/L) 2.439 5.691
Nitrates (mg/L) 8.23 10.955
Sulphates (mg/L) 14.336 92.831
Inorganic Phosphates 0.052 0.020
(mg/L)
Sodium (mg/L) 10.0 12.2
Potassium (mg/L) 6.7 34.7
Total Alkalinity as CaCO3 440 40
(mg/L)
Total Hardness as CaCO3 196 600
(mg/L)
Calcium as CaCO3 (mg/L) 40.08 200.4
Magnesium as CaCO3 23.390 0.480
(mg/L)
Chlorides (mg/L) 82.36 6390
Salinity (mg/L) 148.68 11533.98
Cadmium (mg/L) BDL BDL
Chromium (mg/L) BDL BDL
Iron (mg/L) 0.101 2.95

BDL- Below Detectable Limit

Fig. 1 Location map of study area showing sampling
stations

Fig. 2 Concentration of Heavy metals in Surface Water

nitrates in KMML effluent are not satisfying the gen-
eral standards for the discharge of effluents to inland
surface water (Raman and Devotta, 2006). The analy-
ses of NTPC and KMML effluent characteristics also
showed that the electrical conductivity of both the ef-
fluents was high. Therefore the study reveals that the
concentration of pollutants is higher in KMML efflu-
ents than in NTPC effluents discharged to the
Kayamkulam estuary.

CONCLUSION

The present investigation concludes that the hydro-
chemical characteristics of the Kayamkulam
estuary water showed spatio-temporal changes
during the study period. Effluents discharged from
the NTPC and KMML industries cause changes in
the physical and chemical properties of the estuary.
Most of the physico-chemical parameters of estu-
ary water were beyond the standard permissible
limits of inland surface water quality and this shows
that the Kayamkulam estuary is polluted by differ-
ent anthropogenic activities. It was found that the
stations near to the Ayiramthengu harbour and
KMML industry are the most polluted stations of
the estuary. The hardness values and SAR values
obtained show that the water is not suitable for out-
door bathing and for irrigation. The baseline infor-
mations generated through the study on the
physico-chemical parameters in water, are useful
tools for further ecological assessment and
bio-monitoring studies of the Kayamkulam estuary.
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RECOMMENDATIONS

• Check the quality of effluents generated from the
nearby industries by Pollution Control Board
authorities before it is discharged to the estuary.

• Proper treatment should be done before using the
water of the Kayamkulam estuary for irrigation
purposes.

• Awareness programmes should be conducted
among the Public in Alappuzha and Kollam
districts to manage the water quality of
Kayamkulam       estuary.
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