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IN TR O D U C TIO N

Trace metals in aqueous environment may occ ur in various chemical forms 
like dissolved, particulate, sediment and interstitial water. The suspended 
matter can act as a scavenger for heavy metals in water (De Groot et a/., 
19 76). A large part of heavy metals present in the aqueous environment is 
associated with suspended particles. When the flow velocity slackens, the 
coarser grained particles and aggregates will settle. This sedimentation takes 
place especially in estuaries and harbours. This will lead to the accumula
tion of trace metals in sediments. A large part of the anthropogenic dis
charge of trace metals into the environment becomes part of the suspended 
matter and gets deposited in river sediments. Therefore, sediment reflects 
the extent of the pollution in the given area. Anthropogenic inputs of some 
heavy metals, however, exceed those of natural inputs due to weathering 
(D e Groot, et a/., 1976). Estuarine sediments act as a sink for metals regard
less of whether the metal rich waste is discharged into the river as solids or 
sol utions (Elderfield and Hepworth, 1975). The estuarine environment is 
the last area for the removal of trace metals before their passage from the 
terrestrial to the marine environment. The role of rivers in transporting ma
terial from the continents to ocean is paramount, being 10 times that of 
glaciers and 100 times that of winds (Goldberg, 1976).

M ATERIALS A N D  M ETHODS

The Zuari river originates from the Dighi ghat of the Karnataka part of the 
Sahyadri H ills after flowing through a stretch of 67 kms joins the Arabian 
Sea near the Mormugao-Donapaula point. Its width at the mouth of the 
estuary is 5.5 km while, in the upstream, it narrows to less than 0.5 km. 
Sim ilar to the Mandovi it is fed by monsoon precipitation and also receives 
the discharge from a catchment area of 550 km3. Its basin constitutes about 
27 % of the total land area of Goa. It carries drainage from 309 km2. of the 
forest land.There are a total of 127 industries in its basin which discharge 
about 4.4 x 106 mJ of effluents per year into the river and its tributaries. 
There are 10 large mines in its basin which generate 1000-4000 tonnes of 
rejects per day per mine, of which a good portion can be expected to reach 
the river. (N IO , 1979).
The station locations in the study area are given in Fig. 1. The area of 
investigation covers the Zuari river in Goa (west coast of India). It comprises

ABSTRACT

The bottom sediment samples were 
collected from the ten sampling stations 
located along the Zuari river of Goa, wesl 
coast of India. The sediment samples 
were analyzed for some trace metals 
content v iz . Z inc, Iron, Manganese, 
Cadmium, Cobalt, Copper and 
Chromium, The collection oI the 
sediment samples were carried out during 
three seasons viz. Pre-moiisoon 
(February-May), Monsoon (Jupe- 
September), Post-monsoon (October- 
January). In general, concentrations of the 
trace metals in the sediments broadly 
registered highest values during monsoon 
season except for cadmium and Iron, 
which showed slightly higher 
concentrations (luring the Post-monsoon 
season. Relatively higher concentration 
of Iron during the Post-monsoon and 
monsoon compared to Pre-monsoon can 
be attributed to ‘mining and shipping 
activities along with increased fiver runoff.

KEY WORDS
Biodegradation 
Tannery effluent 
Pseudomonas pulida

Received : 15 .07 .200  7
Revised : 12.01.2008
A ccepted  : 07.0 3 .2 00 8

♦Corresponding author

1 1 1

mailto:k_khel@yahoo.com


K. KHELCHANDRA SINGH e t  a/.,

3
IM

01
E

1

u

u

bo
t» o  

3 U

(/i ~o

o u
%  &VI • -
O

(0

1
o

Is

N

U

bo

S 3
e
oo  -ac  w  
o _

N

3  u
<U
£

u

bo o 
ooU 

o 3

g
8 U 
c  ^
£  t .<o c

£ 5

O
(0
"to
Q

_  cn O O  O M
pn O rn m O  O rn O O  O  ^  J ,m O Pn Pn O  O rn O O  0 » -m
”  in' t-' ^  ^  9  <  O  !N O  <  05 K  J  00O i P l ^ m U ' O ' O m i N - O D t s S o

O O  tv . .  O  O  10 O  i0 O O i0 O m
'R  (n d  r-: 9
(J1 (p| N fO

? <

tv O Iv 
10 O 10
10 o  10

o  o
o  o  _  O  ID A  or  T  'MfflOi ’ UIOIk O IV t-  Z  » l f l ( l | Z n ( N w N

O n  n  n  n  n  O iO n  (O n  n  O iO n  id n  n  00 <N 10 (N 
1— N  (N Pt N  1-

O m _ m m 
O n  n £  O

; <  ^  n! l’! <*-'vO<N‘ (Ntn^vO f-  ^  Z  f n ^ 3 ^
8 3 3cn <n in‘ r-' i-' Z  r-' S

iv m  O  m o  m
r-' r-  — o  <- O  Z  
K  m ffi n  os oo in m m^ M t , M N B > N N P I > i n
© r ^ N ^ r q i O m n i P N i O r n ^ : * -  
o d d d d d Z d d d Z  

m
k  ^  n  oi  m os is ij  N m n  id >p i ^  r -  n  K  l
<N i0 i— in id  rn Z

< o to 4  in m q
o'

cn

pn rnN  o r n  K  o  lO m m  id oiO fn ir: i0  O
m

iv Z

m in o  ^  o  m .

m  m ^O  cn o  n  o  J  nQ  m O  n  o i  m
m in oi j  r  f*i »! ifl

to Li r-

^  o  
“  d

o rv rv  rv hv K cn IN cn o o
o 10 10 10 vO v0 V0 cn o <o
o 10 10 10 q q rn q cn o CN

10 (V Jv t n <  Iv o rn cn < !  ^
M  M  O m N* m <N m m o

*— l— •— r - T - z r - CN z <N
<n fv  O  O N IN tv IN o O O
m 1 0  O  Iv O 10 o o pn
cn 10 O  10 q q < 10 q o o < p
i f ) 10 IV d d 00 CN CO N O
<N K  * t  P I <N in z PN CN K z ' t
N, O  »V Iv rs. IN O m m In o
\ D O  10 10 \ D o cn cn iO 10
vD o  10 10 q q < o cn cn q < K
O tN in  10 ^ r d 10 N" CN in LP)
(N * -  P0 PS rM CN z PN m CN cn z PN

o O O tv m O o PN
D D g Q  » - rn  *

<s0
CN

O
O < 10

10
cn
cn

o
q

io
CN < Pf

Z  Z  Z z o N- z

<n * -  O  P I f-v. rn o
00

in 01
K IP  * t  t o <N in iv o> PN
(N in  P I P I \£> PN CN in CN pn
o o  o  d d d z o o d o z d

Ol 00
CO CTi N- 1P1 CN pn fN NO O
o P I  O  O l in O' PN <N o Mt
Lft 10 CO d q O in o (N 10

C i «  u i d z 10 in n- z Iv
Iv m rn O
10 PP IV m m IV IN tN O O

o 10 PP 10 m m io NO vO o m
q d  ^  ^ in < iq q q d  < pn
<T N  P I T (N O cd CN CN d
CO i -  Ol CO z iv *o in 2 Ol

o o <n tv
o m o cn 10
o m p m 0

<  <  -  < <
m in

i 0
< < in  <  < CO

z z ^ z O' Z  Z - z z
Pt

I Iv
O  i0

S. T-

<  <  
z  z

O  tv 
O  1 0

<  9  ^  <
' i0  O Z  m cn Z in

- K
? < < 1t10

<  <
Z  z  H<N

O  tv m i0 m i0
PS 'tt!  Z

Z  pi Z  Z  «i S t f
o  Ol 1  f ttv o  £? m

<  ^  ^  ^  m.
Z  m  Z  Z  t-  C m

.Q
iS m

o  o  o
< < J 5 < < S Q < < S < <
Z Z ^ Z Z d Z Z Z t s Z Z o ^ m

a*

G  iO 
Z

< < 't. . CNZ  Z  o  
O

< < EgZ  Z  10 
cn m  m

<<'»■ '
Z  Z  ^

m  01 in cn cn
f  r -  ’ l *t

Z  Z  o ' d  Z  Z  d  Z  Z  O'
0> m  iv m

< < to' S < < vS < < ! t 'n . m i 0 . . i 0 . . C N  Z  Z  n i p i Z  Z  in Z  Z  *t
Iv cn Iv oio m  id m

* * rn ■ *^D * * hv,Z Z « i o Z Z o o Z Z < o io
nt _  O f i  bo* - P N P ' i i J ' m i 0 i0 i ve oCTi 0 i ’- V  c

LUUJLULLtUJLUUJLULlJLIJLlJilJ^ PQN  N  N  N  N  N N N N N N N <  DU

N

Figure 1: Map showing study area in the Zuari River of Goa, 
West Coast of India

of ten sampling stations. The stations were named (from 
mouth to head) ZE1, ZE2, ZE3, ZE4, ZE5, ZE6, ZE7, ZE8, 
Z E 9  and Z E1 0  (extra stations, Z E4 a , ZE6a, Z E9a , 
ZE 9b).These stations cover the entire course of the river 
i.e. from the head to the mouth region. Sediment samples 
for the study were collected in three seasons viz. Pre
monsoon (May), Monsoon duly) and Post-monsoon 
(November). Bottom sediment samples were collected 
from different stations using a hand operated Van Veen  
Grab sampler. The analysis of trace metals from the 
sediments w ere done according to total decomposition 
method of Loring and Rantala (1992). In this method 
hydrofluoric acid (HF) and aquaregiaare used to release 
the total metal content from marine sediments into 
solutions in a sealed teflon bomb.

RESULTS

The trace metal concentrations of the sediment samples 
from the estuarine regions of Zuari river in the different 
seasons are furnished in the Table 1.
Zinc
The concentration of zinc <//g g 1) in sediments varied from 
63.33 to 114.33 during pre-monsoon, from 52.67 to 126.0 
during monsoon and from 23.67 to 165.33 during post
monsoon. The range and average values of z in c in 
sediments in the present study (Table 2) is slightly lower 
when compared with those reported earlier from Godavari 
estuary (Srinivas, 1998), Vamsadhara estuary (Devavarma
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Figure 2«u Seasonal variation of Zinc in sediment of Zuari 
River of Goa, West coast of India

et a/., 1993 and 1991), Krishna estuary (Krishna Rao and 
Sw am y, 1991), Vellar estuary (Mohan, 1995), W orld river 
average (Martin and M aybeck, 1979), Surficial Rocks 
(M artin and Maybeck, 1979) and Tapti (Subramanian, 
1985). The study revealed slightly higher values w hen  
compared with those reported earlier from Mandovi estuary 
(B u k h a r i, 1994 and A tagarsam y, 1988), Narm ada  
(Subram anian et a/., 1985) and Indian river average 
(Subramanian eta/., 1985).
Seasonal variation of zinc registered highest concentrations 
during  the monsoon followed by pre-monsoon and post
m onsoon seasons (Fig.2a). High concentrations of z in c  
d u rin g  monsoon are due to the effect of increased inputs 
of land derived metals due to runoffs. A  large part of the 
an th ro p o g en ic  d ischarge of heavy metals into the 
environm ent becomes part of the suspended matter in 
rivers. This suspended matter can act as scavenger for heavy 
m e ta l in w ater (Burton and L iss, 1976). S im ila r  
observations were made by Srinivas (1998) in Godavari 
e s tu a r in e  sedim ents and P o n d ich erry  harbour by  
Senthilnathan and Balasubramanian (1999).

Iron
Concentration of iron (%) in different seasons varied from 
2 .2 5  to 6.5 during pre-monsoon, from 4.016 to 12.078  
d u rin g  monsoon and from 2.23 to 16.77 during post
m onsoon. The range and average values of iron in the

Premoa men postmen
seasons

Figure 2b: Seasonal variation of Iron in sediment of Zuari 
River of Goa, West coast of India

present study (Table 2) is slightly higher when compared 
with those reported earlier from Mandovi estuary (Bukhari, 
1994), Godavari estuary (Srinivas, 1998), Vamsadhara 
estuary (Devavarma eta/., 1993and 1991), Krishna estuary 
(Krishna Rao and Swam y, 1991), Cauvery  estuary  
(Ramanathan eta/., 1988), Vellar estuary (Mohan, 1995), 
Tuticorin coast (Ganesan and Kannan, 1995), Narmada 
(Subramanian eta/., 1985), World river average (Martin 
and Maybeck, 1979), Surficial Rocks (Martin and Maybeck, 
1979) and Tapti (Subramanian, 1985).
Seasonal variation of iron in sediments registered higher 
values during post-monsoon and monsoon seasons followed 
by pre-monsoon (Fig 2 b). Concentration of metals in 
sediments depends on several factors such as local 
conditions, particle size and organic matter content (Aston 
and Chester, 1976). Fine grained sediments (clays, clayey 
silts) are characterized by higher metal concentration in 
sediment (Deva Varm a et a/, 1993). Relatively high 
concentration during post-monsoon can be attributed to 
high organic matter content in sediments. Whereas, higher 
concentrations during monsoon may be due to the higher 
inputs from land runoff and influx of metal rich fresh water. 
The increased particulate matter along with suspended 
sediment load brought in by the river would also be a 
possible reason for the abnormally high values during 
monsoon (Senthilnathan and Balasubramanian, 1994).
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Table 2: Comparfsion of range and average concentrations of trace metals in sediments of mandovi and Zuari rivers of Goa
with other regions
Location Zn Fe(%) Mn (%) Cd CO Cu Cr References
Mandovi 25,0-149.67 2.03-12.8 0.062-6.079 ND-4.3 3.33-32.0 3.67-80.67 68.0-403 Present study
estuary (87.827) (7.909) (0.37) (1.389) (15.506) (36.987) (264.47)
Zuari 23.67-165.33 2.23-16.7 0.04-0.62 Nd -  4.6 12.0 -  36.33 7,0-74.0 60.33-388.0 Present study
estuary (88.264) (7.09) (0.329) (1.191) (22.583) (35.0) (162.86)
Mandovi 21.0-83.5 2.2-49.7 0.01-1.18 - 2.5-45.3 12.9-77.5 - Alagarsamy, 1988
estuary
Mandovi 38.0-102 3.15- 0.085-1.01 15-35 31-88 224-580 Bukhari, 1994
estuary 11.05
Godavari 66.0-323.0 2.67-8.03 0.04-0.17 - 22.0-89.0 61.0-157.0 88.0-243.0 Srinivas, 1998
estuary (207.0) (5.77) (0.1) (50.0) (107.0) -137
Vamsadhara 50.0-250.0 3.20-7.10 0.04-0.09 - 20.0-45.0 25.0-55.0 8.0-128.0 Devavama et aL,
estua ry (152.0) (5.28) (0.05) (32.0) (37.0) (106.0) 1991 and 1993
Krishna 97 6.6 0.2 * 29 124 114 Krishna Rao and estuary 

Swamy, 1991
Cauvery - 1.35-7.6 0.02-0,14 - 10,0-200,0 10.0-50.0 20-220.0 Ramanathan et at.,
estuary 1988
Vellar estuary 196 3.93 0.4854 7 48 45 222 Mohan, 1995
Tuticorin - 0.224-0.432 0.029-0.125 - - - - Ganesan and Kannan,
coast (0.316) (0.078) 1995
Narmada 50 3.14 0.0514 - 36 46 55 Subramanian et at., 1985
Tapti 118 10.9 0.13 - 64 126 108 Subramanian etal., 1985
Indian 16 2.9 0.06 - 31 28 87 Subramanian et at,. River
Average 1985
World river 350 4.8 0.105 - 20 100 100 Martin and Maybeck,
Average 1979
Surficaial 129 3.59 0.07 13 32 97 Martin and Maybeck, Rock 

1979
N. D -  Non-detectable; All values in parentheses are average values' All values in //g g-1 except Fe and Mn.

Ganesan and Kannan (1995) had reported high content of 
iron during monsoon and post-monsoon in Tuticorin coast, 
w h ich  is attributed to increasing land runoffs. Srinivas 
(1998) w hile  studying Godavari estuarine sediments 
observed higher concentrations during monsoon seasons.
M anganese
Concentration of manganese (%) in sediments varied from 
0 .1 3 9  to 0.413 during pre-monsoon, from 0.159 to 0.62  
during monsoon and from 0 .047  to 0.62 during post- 
monsoon. In general, the ranges and averages of manganese 
concentrations in the present study (Table 2) broadly agree 
w ith those reported from Mandovi estuary (Bukhari, 1994 
and  Alagarsamy, 1988). But, it revealed slightly higher 
concentrations when compared with those reported earlier 
from Godavari estuary (Srinivas, 1998), Vamsadhara estuary 
(D evavarm a et a/., 1993 and 1991), Krishna estuary 
(K rish n a  Rao and Swam y, 1991), Cauvery estuary 
(Ram anathan eta/., 1988), Tuticorin coast (Ganesan and 
K annan, 1995), Narmada (Subramanian eta/., 1985), 
N arm ada (Subramanian eta/., 1985) W orld river average 
(Martin and Maybeck, 1979), Surficial Rocks (Martin and 
M aybeck, 1979) and Tapti
(Subramanian, 1985). However, slightly lower values were 
observed when compared with that reported earlier from 
V e lla r  estuary (Mohan, 1995).
Seasonal variation of manganese in sediments showed 
highest concentration during post-monsoon and monsoon

AwaQ«oortottrAr*;or> of Mil* dJHerent 
softsorts

OX
OX

Pramon mon pattmon

Figure 2c: Seasonal variation of Manganese in sediment of 
Zuari River of Goa, West coast of India

periods compared to pre-monsoon (Fig 2 c). Higher 
concentration during post-monsoon season can be
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attributed to high organic matter content during post
m o n so o n  seaso n . S r in iv a s  (1998) reported high  
concentration of manganese in sediment during monsoon 
and post-monsoon in Godavari estuary. Similarly high 
concentration of manganese was reported during monsoon 
and post-monsoon season from Tuticorin coast (Ganesan 
and Kannan, 1995).
Cadmium
Concentration of cadmium Ot/g g"1) in different seasons in 
sediments varied from ND (Non Detectable) to 2.16 during 
pre-monsoon, from N D to 4 .6  during monsoon and from 
0 .3 3  to 3.3 during post-monsoon.The range and average 
va lu es obtained in the study is slightly lower w hen  
com pared with that reported earlier from Vellar estuary 
(M ohan, 1995).

Figure 2c: Seasonal variation of Cadmium in sediment of
Seasonal variation of cadmium is found to be highest during 
post-m onsoon period followed by monsoon and pre
m onsoon (Fig 2d). Higher values during post-monsoon 
co u ld  be due to higher organic matter content in both the 
estuaries. This is also supported by significant positive 
correlation  exhibited between cadmium and organic 
carbon during post-monsoon season in the Mandovi estuary 
(Singh, 2000). Senthilnathan and Balasubramanian (1999) 
w h ile  studying heavy metal distribution in Pondicherry 
harbour reported higher concentration of cadmium in 
sed im ents during monsoon and low er in summer. This 
w as attributed to land runoff and influx of metal rich water.
C ob alt
Concentration of cobalt (pg g 1) varied from 12.33 to 22.33 
during  pre-monsoon, from 12.0 to 35.67 during monsoon 
an d  from 11.0 to 36.33 during post-monsoon. The ranges 
a n d  averages values of cobalt in sediments in the present 
study (Table 2) is slightly lower when compared with those 
reported earlier from Godavari estuary (Srinivas, 1998),

Variation « f  Co  at tM fe n rt M « o n »V  1
35

£ 3 0
S 1**» ■I1S8 io 5
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stations (from moulh to hand ratf an} 

pr«mon h* -  mon postmen

Average oonoert rati on of Co aft diffarar* 
seasons

30 ------------------------------------------------

Pramon mort postman
sewons

Figure 2c; Seasonal variation of Cobalt in sediment of Zuari 
River of Goa, West coast of India
Vamsadharaestuary (Devavarmaeta/., 1993 and 1991), 
Krishna estuary (Krishna Rao and Swamy, 1991), Cauvery 
estuary (Ramanathan etai., 1988), Veilarestuary (Mohan, 
1995), Narmada (Subramanian et al., 1985), Tapti 
(Subramanian, 1985) and Indian river average (Subramanian 
eta/., 1985). However, the ranges and average values of 
cobalt observed in the present broadly agree with those 
reported earlier from Mandovi estuary (Bukhari, 1994 and 
Alagarsamy, 1988), W orld river average (Martin and 
Maybeck, 1979), Surficia) Rocks (Martin and M aybeck, 
1979).
Seasonal variation of cobalt is found highest during  
monsoon period followed by post-monsoon and pre
monsoon (Fig 2e). The higher concentration of cobalt 
during monsoon period may be attributed to the land runoff 
and influx of metal rich fresh water. Similarly highest 
concentration of cobalt during monsoon season has been 
reported from Godavari estuary (Srinivas, 1998).
Copper
Concentration of copper ijjg g°) varied from 30.67 to 43.33  
during pre-monsoon, from 18.0 to 74.0 during monsoon 
and from 7.0 to 70.0 during post-monsoon. The ranges 
and averages values of copper obtained in the present 
study broadly agree with those reported earlier from  
Mandovi estuary (Bukhari, 1994 and Alagarsamy, 1988), 
Vamsadhara estuary (Devavarma eta/v 1993 and 1991), 
Cauvery estuary (Ramanathan et al., 1988), Vellar estuary 
(Mohan, 1995), Indian river average (Subramanian et al.,

1 1 5
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Figure 2c: Seasonal variation of Copper in sediment of Zuari 
River of Goa, West coast of India

1985 ), Surficial Rocks ( Martin and Maybeck, 1979 ). 
However, they are found to be lower when compared with 
those of Godavari estuary (Srinivas, 1998), Krishna estuary 
(Krishna Rao and Swamy, 1991) and World river average 
(Martin and Maybeck, 1979).
Seasonal variation of copper showed maximum values 
during monsoon followed by pre-monsoon and post
m onsoon seasons (Fig 2f). This slight increase in the 
concentrations of copper in the sediments during the 
monsoon period may be due to downstream transport along 
w ith  the monsoonal discharge. Settling of trace metals at 
the area of confluence between river and seawater could 
lead to such effects, Senthilnathan and Balasubramanian 
(1999) also reported higher concentration of copper in 
sediments from Pondicherry harbour during monsoon and 
lo w er in summer. This was attributed to land runoff and 
influx of metal rich water. Similarly, higher concentrations 
of copper in sediments were reported from Godavari 
estuary during monsoon season (Srinivas, 1998).
Chromium
T h e  concentrations of chromium ijjg g 1) in different seasons 
varied  from 93.33 to 175.33 during pre-monsoon, from 
107 .67  to 653.0 during monsoon and from 39.33 to 388.0 
during post-monsoon. The ranges and averages values of 
chrom ium  in the present study (Table 2) are slightly higher 
w h en  compared with those reported earlier from Godavari

Variation of Cr at dffwent seasons

premon h p — roon — postmon

Averts* sani tntitUwii af Cr at ATmhiI ttttant

H U BH
postmen

Figure 2c: Seasonal variation of Chromium in sediment of 
Zuari River of Goa, West coast of India

estuary (Srinivas, 1998), Vamsadhara estuary (Devavarma 
et al., 1993 and 1991), Krishna estuary (Krishna Rao and 
Swamy, 1991), Cauvery estuary (Ramanathan eta/., 1988), 
Vellar estuary ( Mohan, 1995), Narmada (Subramanian et 
al., 1985),Tapti (Subramanian, 1985), Indian river average 
(Subramanian et ai., 1985), W orld river average ( Martin 
and Maybeck, 1979) and Surficial Rocks (Martin and 
Maybeck, 1979). But, the range is found to be in broad 
agreement when compared with the earlier values reported 
from Mandovi estuary (Bukhari, 1994).
Seasonal variation in the concentrarions of chromium  
registered highest values during the monsoon period 
followed by those in pre-monsoon and post-monsoon (Fig 
2g). High concentrations observed during monsoon can  
be attributed to the land runoff and influx of metal rich  
fresh water. The increased particulate matter along with  
suspended sediment load brought in by the river w ould  
also be a possible reason for the abnormally higher values 
during monsoon (Senthilnathan and Balasubramanian, 
1997). S im ilarly , S rin ivas (1998) reported h igher  
concentrations of chromium in sediments from Godavari 
estuary during monsoon season.

CONCURS
The range and average values obtained from the estuarine 
region of Zuari river for the trace metals in sediments are  
in broad agreement with those in other Indian estuarine 
and coastal sediments. In general, seasonal variation of 
all metals except for iron and cadmium showed higher

1 1 6
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concentrations during monsoon followed by those in pre
m onsoon and post-monsoon. High concentrations of 
metals during monsoon can be attributed to the large land 
runoff, the suspended matter from the catchment areas 
along with the runoffs from mining areas. The increased 
particulate along with suspended sediment load brought 
in by river would be the possible reason for the abnormally 
h ig h er va lu es during m onsoon. R e latively  h igher 
concentration of iron during post-monsoon and monsoon 
compared to premonsoon can be attributed to the increased 
river runoff and the associated high organic carbon content 
along with above factors.

Alagarsamy, R. 1988. A study of some metals in the Mandovi 
estuary sediments, Goa. M.5c Thesis, University of Bombay. 40-53.
Aston, S.R. and Chester, R. 1976. Estuarine sedimentary 
processes, pp 37-50. In J.D. Burton and P.S Liss {Eds)'  Estuarine 
Chemistry'', Academic Press, London
Bukhari, S. J.S. 1994. Studies on mineralogy and 
Geochemistry of Bed and suspended sediments of River 
Mandovi and its tributaries in Goa, west coast of India. Ph.D 
Thesis. Goa university
Burton, J. D., 1976. In * Estuarine Chemistry" edited by J. B. 
Burton and P.S. Liss (Academic press, London). 1-229.
De Groot, A . W .  Solomons, and E. Allersma., 1976. Process 
affecting heavy metals in estuarine sediments, pp. 131-157. In 
j. D . Burton and P. S. Liss ( eds.) Estuarine Chemistry, Academic 
press, London.
Devavarma, D., Rao, A.T and Rao, K.S.R. 1991. Major element 
Geochemistry of Clay fraction and the bulk sediments from 
the Vamsadhara river basin, east coast of India. Indian. ). 
Geo. 63: 83-97.
Devavarma, D., Rao, K.S.R., Rao, A.T., and Dasari, M. R. 1993.
Trace  elemental geochemistry of clay fraction and bulk 
sediments of Vamsadhara river basin, east coast of India. 
Indian. }. o f Mar. Sci. 22: 247-251.
Elderfield, H. and Hepworth, A . 1975. Diagenesis, Metals 
and pollution in estuaries. Mar. Po//ut. Buf/. 6: 85-87.

Ganesan, M. and Kannan, L. 1995. Iron and manganese 
concentrations in seawater, sediment and marine algae of 
Tuticorin coast, south east coast of India. Indian f. of Mar. Sci. 
24:236-237.
Goldberg, E. D. 1976. The Health of the Oceans. Unesco, 
Paris, 106- 145.
Loring, D. H. and Rantala, R. T. T. 1992. Manual for 
geochemical analysis of marine sediments and suspended 
particulate matter. Earth. Science. Rev. 32: 235-283.
Krishna Rao, B. and Swamy, A. S. R. 1991. Sediment 
characteristics of environments in the modern Krishna- 
Godavari deltas. Mem. Geo/. Soc. India.22: 121-138.
Martin, j. M. and Mayfoeck, M. 1979, Elemental mass-balance 
of material by major world rivers. Mar. Chem. 7: 173-206. 
Mohan, P, M. 1995. Enrichment factor. A novel method to 
represent the trace element concentration in veliar estuary. 
Indian. I. o f Mar. Sci. 24; 13-15.
National Institute of Oceanography (NIO),Goa. 1979. Master 
Plan for Pollution control of the Rivers Zuari and Mandovi. 
Technical Report No. 02/79,
Ramanathan, A. L., Subramanian, V. and Vaithiyanathan, P. 
1988. Chemical and sediment characteristics of the upper 
reaches of Cauvery estuary, east coast of India. Indian. }. of 
Mar. Sci 17: 114-120.
Senthilnathan, S. and Balasubramanian, T. 1997. Distribution 
of heavy metals in estuaries of southeast coast of India. Indian. 
I. of Mar. Sci. 26: 95-97
Senthilnathan, S. and Balasubramanian, T. 1999. Distribution 
of heavy metals in estuaries of southeast coast of India. Indian. 
I  of Mar. Sci. 26: 95-97.
Singh, Khelchandra. 2000. Sudies on Distribution of some 
Trace metals in Mandovi-Zuari Estuarine systems of Goa, west 
coast of India. M.Phil Thesis, Goa University. 60-75.
Srinivas, K. 1998. Studies on the Bulk and Partition 
Geochemistry of Godavari sediments, East Coast of India. Ph.D 
Thesis, Andhra university.
Subramanian, V., Van't Dack, L. and Van Grieken, R. 1985
Chemical composition of river sediments from Indian sub 
continent. Chem. Geo/. 48: 271-279

1 1 7


