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Speciation and behaviour of Cd, Pb and Cu in Zuari estuary, west coast of India
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Dissolved labile and nonlabile forms of Cd, Pb and Cu in Zuari estuary measured for a period of 14 months
showed lowest concentrations during the SW monsoon (Junc-Sept.) while maximum concentrations were
observed during the premonsoon season (Feb.-May). Results of experiments conducted to evaluate the
importance of desorption/dissolution revealed that the metal input due to desorption and dissolution of the
particulate phase may not be very significant in the cstuary.

An clement or compound present in a natural water
system will be distributed in a variety of physico-che-
mical states such as free ions, complexes or organo-
metallic compounds or they may be adsorbed on to
the particulate matter. All the diffcrent forms can co--
exist and may or may not be in thermodynamic equi-
librium with one another’ ~3 and thc distributions
among these forms as well as the total concentrations
vary between different environments®.

Though several studies on different chemical as-
pects of Zuari have been made® ™7, no attempt has so
far been made to study the speciation and behaviour
of important trace metals. Since the characteristics of
the estuarine system are greatly influenced by the
monsoonal cycle, a seasonal study is expected to shed
light on the behaviour of metals during estuarine mix-
ing. Such studies would also help to establish the
background levels of the toxic metals in their different
chemical forms for assessment of the extent of envir-
onmental pollution.

Dissolved metal by convention means that fraction
of the metal which passes through a 0.45 pm memb-
ranc filter. In this study the dissolved metal is separa-
ted into 2 fractions only, the labile form and the nonla-
bile form. The labile fraction of the metal includes the
metal ion plus the complexed metal which can disso-
ciate very rapidly to the electro reducible form yield-
ing an ASV (anodic stripping voltammetry) signal
whilc the nonlabile metal is that fraction of the bound
metal which becomes ASV labile when the organic
matterin the sample is destroyed by U.V. oxidation.

Materials and Methods

Monthly observations were carried out from Feb.
1985 to March 1986 on the dissolved labile and non-
labile forms of Cd, Pb and Cu as well as the hydrogra-
phical parameters. The station positions are given in

Fig. 1. Observations from sts | to 6 were carried out
once every month, sts 7 and 8 only twice, duringeach
scason. The values for the monsoon (June-Sept.) pe-
riod at sts 1 and 8 are represented by the values for
September only, as it was not possible to reach the
stations during the monsoon months. Observations
were carried out during low tide. Water samples were
collected from 0.3 to 0.5 m below the surface to avoid
contaminants. A precleaned 2 litre Niskin bottleon a
nylon rope and a PVC coated messenger was used for
collecting the sample. Sampling was done manually
from the bow of a wood-hulled boat while it was mov-
ing very slowly, to avoid the risk of contamination
from the boat. The samples for metals were transfer-
red to precleaned® polyethylene containers and filter-
ed through membrane filter papers (0.45 pm). The
first 500 m} was used for rinsing and the samples were
stored® at 4°C in precleaned polyethylene bottles at
natural pH. The analyses of metals Cd, Pb and Cu
werge carried out by ASV'in a laminar flow appara-
tus. Hydrography of the estuary and the particulate
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Fig. 1—Station locations
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metal concentration have been dealt with else-
where!!.

To evaluate the importance of desorption/dissolu-
tion in the estuary experiments were conducted simi-
lar to the one performed by Keeney-Kennicutt and
Presley'2. Zuari river water (500 ml) was collected in
April (in duplicate), filtered and suspended matter
weight. The suspended matter (28.45 mg in each)
with the filter was immediately transferred to two
100 g samples of unacidified, filtered Arabian Sea
water collected the same day and shaken. One
sample was filtered after 1 h and the other after
24 h. The filtrates and seawater blank were ana-
lysed for Cd. Pb and Cu by ASV'"

Results
Cadmium--Seasonal variations of labile and total
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Cd are presented in Fig. 2. The highest concentration
of Cd was during premonsoon (Feb.-May) period
(Fig. 2A, D). Labile fraction of Cd varied from 0.03 to
0.15 pug.l7 ! while the total metal varied from 0.13 to
0.54 pug.17!. During monsoon (June-Sept.) the values
reduced substantially. The labile Cd were in the range
0.0210 0.06 ug.1 ™! while the total ranged between 0.04
and 0.14 pg.I™'. The postmonsoon (Oct.-Jan.) values
were slightly higher than the monsoon values in gene-
ral. Nonlabile form during premonsoon fluctuated
between 44 and 89% (Table 1), while during monsoon
the values were between 17 and 66%. Postmonsoon
values varied between 43 and 74%. In general Cd
concentrations werg higher at the mouth than the ri-
verine (fresh water) side. .
Lead—The behaviour of Pb was very similar to
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Fig. 2—Variations in labilc and total concentrations of Cd. Pb and Cu during A =premonsoon {Feb.-May). B=monsoon

D =premonsoon {Feb.-March only).
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Table 1-—Percentage of strongly complexed metals at Zuar cstuary during Feb. 1985-March 1986

Station Cd Pb Cu
A B C D A C D A B C D
1 81.5 50.0 515 75.0 82.5 65.1 40.2 M43 79.6 60.5 543 75.8
2 829 16.7 58.8 75.0 733 16.7 479 69.2 56.6 S0.0 490 19
3 444 50.0 739 533 48.1 40.0 510 842 457 66.4 649 783
4 81.0 571 429 79.1 304 65.4 440 439 82.7 50.0 46.3 56.5
5 88.9 50.0 55.6 74.2 524 56.9 240 53.2 474 62.0 56.6 53.7
6 85.0 65.7 55.2 76.5 50.4 50.0 38.7 614 56.4 67.2 56.8 509

A = Premonsoon (FcB,rMay), B=Monsoon (June-Scpt.). C = Postmonsoon (Oct.}an.). D = Premonsoon (Fcb.—/Mardl only).

that of Cd (Fig. 2). During premonsoon (Fig. 2A, D)
.the values of labile Pb werc in the range 0.38 to 1.25
pg.l” ! while the total Pb varied between 0.98 and 2.66
pg.l~'. Like other metals the concentration of Pbalso
decrcased during monsoon. The labile concentration
ranged between 0.29 and 0.52 pg.1 7! and the total
concentration varied from 0.42to 1.30 ug.1 *'. Duning
postmonsoon the values were in between those dur-
ing monsoon and premonsoon. Nonlabile form va-
ried between 30 and 84% during premonsoon
while during monsoon the values werc between
17 and 65% (Table 1). During postmonsoon
the values were in the range 24 to 51%. Dur-
ing most of the pcnod of observation, higher salinity
regions had higher concentration of metals than the
riverine station. Concentrations at sts 3 and 5 were
higher compared to other stations. In general, waters
nearer to the mouth regions had higher percentages of
nonlabile form of Pb compared to the riverine side.
Copper-- Cu also showed higher concentrations
during premonsoon period (Fig. 2). Valucs of labile
Cu dirng this period varied between 0.34 and 1.12
pe.l 7! while those of nonlabile form were in the range
0.34to 1.3 ug.l " '. Total copper concentrations werc
in the range of 1.04 to 2.42 pg.1™*. During monsoon
concentration decreased substantially. Values dur-
ing postmonsoon were intermediate. Percentage of
nonlabile form were higher in premonsoon and lower
during monsoon (Table 1). During both premonsoon
and postmonsoon scasons the total concentration of
the metal increased towards the mouth while the labi-
le Cu decreased.

Discussion

In cstuaries wherc river water and coastal or sea-
water of widely different composition mix, strong
gradicnts in chemical and physico-chemical proper-
ties occur. There arc contradictory reports in litera-
ture from various aquatic systems suggesting that
trace metals are cither adsorbed or desorbed in estua-
rine conditions. There can be a distinct seasonal vani-

ation or even diurnal vaniation within a panticular
cstuary'3 ™ 'S_In the Zuan estuary there was a distinct
seasonal fluctuation in the concentration of Cd. Pb
and Cu. During monsoon the nver discharge is much
higher and the shipping activities arc much less com-
pared to other seasons. Because of the rough weather
at the mouth of the estuary, loading of iron ore is at its
minimum. Shipping and mining activities are known
to contributc to trace mctals and other pollutantsin
the environmem*3-1%, The dilution due to precipita-
tion and reduced shipping and mining actuvities could
have kept the concentration of all the metals at a lower
level during monsoon season.

During premonsoon the conditions are different.
A large number of batges transport iron and manga-
nese ores through this estuary. Thereis littlc or negli-
gible precipitation and river runoff is almost absent.
As factors like light penetration and nutricnt availab-
ility are favourable, the productivity is high during
this scason'”. Occurrence of frequent blooms of Tric-
hodesmium have been reported during this period in
the Arabian Sca'®'°. Decaying Trichodesmiwn: is
known to releasc trace elements?®-2!. Temperature is
aiso higher during this period. High tcmperature
kinctically favours decomposition®>. The decom-
position of organic matter rclcases the trace me-
tals in thc surface scdiment which can be resu-
spended by tides and dredging®**

In addiuon to higher total metal concentration no-
ticed duning premonsoon. the percentage of nonla-
bile form was also higher during this period. There are
evidenccs in the literaturc to show that the
tion of phytoplankton brings nonlabile forms of the
metals to the water column?3-26-2%_Qsterrroht er al.28
argucd that dissolved organic Cu cxists in 2 forms.
one probably originating mainly from humic acid like
material, being responsible for the constant backero-
und level of dissolved organic copper, while the other
was thought to have been formed from matenal pro-
duced recently by phytoplankton and micro organ-
isms resulting in additional peak concentration of dis-
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*  Table 2 -Desorption of Cd. Pb uand Cu from Zuari river suspended materials into seawater

Exchangeable metal concentration After t h
in suspended sediment After 24 h

Dissolved cxcess of observed on 22.4.88

Suspended sediment required to After L h
account for the observed excess After 24 h

Cd (ppb) Pb (ppb) Cu (ppb)
204 +33 489 +59 652+ 62
285 +47 733475 896+ 83
0.31 1.52 0.96
1.52gl17! 3dlglt 147¢gl1°!
1.09gl"} 207 g1 107171

solved organic Cu. Some others, for example, Jones
et al?! observed an increase in the labile form during
Trichodesmiumbloom period. They attributed thisto
the releasc of metal complexing material from sene-
scent  Trichodesmium and dissolution of metal ions
adsorbed onto particulate material by this metal co-
mplexing matter. On the other hand this study sho-
wed an incrcase in nonlabile form during the bloom
period. Probably the complexing material released
from sencscent Trichodesmium may be forming
complexes either with thc metal present in the
dissolved phase in the water or with the metal released
from bottom sediments.

A variable but systematic increasc in the concen-
tration of metals was observed towards the high salin-
ity region. Chlorinity plays an important role in the
adsorption/desorption character of a metal. Model
calculations including the adsorbed fraction show
that an increasc in salinity causes a decrease in the
adsorption®®. In addition to this, other mechanisms
likc ionic strength, pH, redox potential, microbiolo-
gical activity, organic matter degradation and the res-
idence time of the particle in the mixing zone also play
an important role3°. The water of Zuari is very rich in
dissolved Fec and Mn because of the mining activi-
ties3'. When river water of typical pH 6-7 mixes with
the seawater of pH 8.1 hydrolysis of Fe(I11) is one of
the most likely reaction. Precipitation of Fe has been
reported by many workers32-33. Co-precipitation
with the iron hydroxide could have led to a decreasc in
the concentration of Cd, Pb and Cu towards the high
salinity region. If the releasc of metal from bottom
sediment pore waters was significant during the ob-
servation period, it may probably have obscured the
effects of processes resulting in removal of metals
from solution into particulate matter during estua-
rine mixing as observed in the Rhine estuary?*™3¢.

From the experiments conducted to evaluate the
importance of  desorption/dissolution,  the
exchanged metal concentration in the suspended se-
diment was calculated by:

Exchangeable Experimental nct

metal concentration increase in the _ Solution wt. (g]

in the sediment (pph)—solulion (ppb} Sediment wi. (g)

Maximum dissolved trace metal increase in the river
was cstimated by constructing a theoretical dilution
line betwees: the scawater end member and the dissol-
ved metal concentration in river water end member
and calculating the excess. The sediment load requi-
red to account for the dissolved excess metal concen-
tration if desorption/dissolution were the only mech-
anisms was determined by:

. . Dissolvel CXCESS )
Sciment load gl )= 100 issolved metal excess (ppb;

Exchangeable metal concentra-
tion of the sediment (ppb)

To explain the observed dissolved metal excess, the
scdiment load required was 1.09to 1.52 g.17 ! for Cd
(Table 2) if desorption/dissolution were the only pro-
cesses responsible for the higher concentration at the
mouth, that day. But during the day of obscrvation
the suspended matter was only 19.6 mg.17'. More-
over, the maximum observed suspended maltter conc-
entration during the whole observation period was 82
mg.17 1. Similar experiments for Pb and Cu yiclded
values between 2.07and 3.11and 1.07and 1.47g.17 1.
Hence desorpti  /dissolution process cannot expl-
ain the high dis.  ved trace metal concentration at the
river mouth. Hence it can reasonably be assumed that
the other processes, viz. the remobilisation of me-
tals' 237 and the contribution from dredging and shi-
pping activities are the main reasons for the higher
concentration of metals at thc mouth. As dis-
cussed earlier the higher productivity and
subscquent decay!’'" also contribute to sea-
sonal higher concentration at the mouth. This is sup-
ported by the fact that the phosphate profile!! also
showed increase towards the high salinity region. Ot-
her workers®#-3? also found similar relationship with
phosphate.

Acknowledgement

Author is grateful to Dr R Sen Gupta for valuable
advice and critical review, and Dr B N Desai, Director
for his keen intercst in the work.

References

I Burton J D, Phil Trans R Soc Lond, B286 (1979) 443.
2 Florence T M. Talanta, 29 (1982) 345.



220

3
4

Florence T M, J Electro Anal Chem, 168 (1984) 207.
Singbal S Y S, Mahasagar— Bull Natn Inst Oceaogr, 9 (1976)
27.

5 Zingde M D, Singbal S Y S. Moraes C ¥ & Reddy C V G, Indian

>

SOOC\J

13
14
15

J Mar Sci, 5 (1976) 212.

Rajagopal M D, Rajendran A & Reddy C V G. Indian J Mar
Sci, 10 (1981) 20.

De Sousa SN & Sen Gupta R, Indian J Mar Sci, 15 (1986) 67.

Mart L. Fresenius Z Anal Chem, 296 (1979) 350.

Batley G E & Gardner D, Water Res, 11 (1977) 745,
George M D. Sawkar K & Reddy CV G /Indian J Mar Sci. 13’
(1984) 64. /
George M D, Some aspects of chemical speciation of Cd, Pb
and Cu in some Indian estuaries and coastal waters, Ph.D. the-
sis, University of Poona, India, 1989.

Keeney-Kennicutt W L & Presley B, Estuar Coast Shelf Sci,

22 (1986) 459.

Silker W B, Linmmol Oceanogr, 9 (1964) 540.

Thomas DJ & Grill E V. Estuar Coast Mar Sci, 5(1977)421.

Valenta P,Nuirnberg H W, Klahre P, Rutzel H, Merks AG A &
Reddy S J. Mahasagar - -Bull Natn Inst Qceanogr, 16 (1983)
109.

Abdullah M I, Royle L G & Morris A W, Nature. 235(1972)

158.

Dehadrai PV & Bhargava R M S, fadian J Mar Sci, 1 (1972)

52.

Devassy V P, Bhattathiri PM A & Qasim S Z, Indian J Mar Sci.

7 (1978) 168.

Devassy V P, Bhattathiri PM A & Qasim S Z. Indian J Mar Sci.

8 (1979) 89.

Morris A W, Mar Poll Bull, 5 (1974) 54.

Jones G B, Thomas F G & Burdon Jones C, Estuar Coast shelf
Sci. 23 (1986) 387.

Boyle E, Husted S S & Grant B, Deep-Sea Res, 29 (1982)

1355.

23

24

25
26

27

2

oc

29

30

31

32

33
3

36
37

w

38
39

INDIAN J. MAR. SCI.. VOL. 22, SEPTEMBER 1993

De Groot A J, Mobility of trace metals in delfas, Transaction
Commissions 2 & 4 (International Soci:ty of Soil Science),
1966, pp. 267.

Martin J M & Whiteficld M, in Trace metals in sea water, edited
by C S Wong. E Boyle, K W Bruland. J D Burton & E D
Goldberg (Plenum Press, New York), 1983, 505.

Gupta S K & Chen K Y, Environ Lett, 10 (1975) 129.

De Groot A J & Allersma E M, in I{eavy metals in the aquatic
environment, edited by P A Krenkel (Pergamon Press, New
York), 1975, 85.

Carpenter ) H, Bradford W L & Grant W, in Estuarine rese-
arch, Vol. |, edited by L E Cromine (Academic Press, Lond-
on), 1975, 188.

Ostérroht C, Kremling K & Wenck A, Mar Chem, 23 (1988)
153.

Salomons W & Kerdijk H N, in Cadmium in the environment,
edited by H Mishin & O Ravera (Birkhauser Verlag, Stutt-
gart), 1986, 144,

Elbaz-Poulichet P, MartinJ M. Huang W W & Xhul X, Mar
Chem, 22 (1987) 22.

Anon, Master plan for pollution control of the rivers Zuari and
Mandovi, Tech. Rep. 02/79 (National Institute of Oceanogra-
phy. Goa, India). 1979, 114,

Windom H L. Beck K C & Smith R, Southeast Geol, 12(1971)
169.

Holliday LM & Liss P S, Estuar Coast Mar Sci, 4(1976) 349.

Duinker J C & Nolting R ¥, Neth J Sea Res, 10 (1976) 71.
Duinker J C & Nolting R F, Mar Poll Bull, 8 (1977) 65.
Duinker J C & Nolting R F, Neth J Sea Res. 12 (1978) 205.

Gobeil C, Silverberg N. Sundby B & Cossa D. Geochim Cos-
mochim Acta. 51 (1987) 590.

Church T, Mar Chem, 18 (1986) 393,

Windom H, Smith R (Jr). Rawlinson C, Hungspwreugs M,
Dharmvanig S & Wattayakorn G, Mar Chem, 24 (1988) 293.



