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ABSTRACT: Fractionation studies on the sediment samples provide valuable information on the
nature of the metals bound to the sediments. Thirty three sediment samples of River Adyar were
collected during two seasons and speciation study was carried out. The industrial and domestic
effluents are directed into the river course at many points in the middle and lower of the Adyar River.
To ascertain the extent of heavy metal pollution in the bed sediments of the river, total metal content
and speciation were evaluated. The summation of the metal recoveries in the sequential extractions
was found to be within +10 % of the total metal content. The mobility factor was evaluated which
represents the exchangeable and Carbonate fractions in the sediments. Risk Assessment Code was
estimated and the results reveal the extent of risk associated with the heavy metals in the sediments
in various stations. The results of speciation shows that Cu and Ni falls in the high risk category at
certain stations of the middle and lower part of the river. Except Cr, Fe and Zn, all other heavy metals
studied show medium risk with regard to RAC. The effect of monsoon on the concentration of the
metals in various fractions had been studied and the significance of seasonal effect is determined

using t-test.
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INTRODUCTION

River sediments are basic components of our
environment as they provide nutrients for living
organisms and serve as sinks for deleterious
chemical species. Sediments constitute the most
important sink of metals originated from
weathering and other pollutions. The
concentration of the metals in sediments is
augmented to higher levels by anthropogenic
activities (Homady et al., 2002). At higher
concentration, heavy metals are known to be
harmful for both the environment and human
health. Severe environmental problems are
identified and characterized by several authors due
to heavy metal contamination (Shankar and
Karbassi, 1991; Karbassi, 1996; Ma and Rao, 1997;
Karbassi et al., 2001; Banerjee, 2003; Jiries, 2003;
Frignani and Belluci, 2004; Demirbas et al., 2005;
Priju and Narayana, 2007; Dixit and Tiwari, 2008).
The sediment chemistry is affected by the changes
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in the physico-chemical parameters of the water
column such as pH and redox potential which
results in the desorption of some of the trapped
metals. Sediments can act as a nonpoint source
as it can release the loosely-bound metals and
other pollutants to the water column thereby
affecting the aquatic organisms. The increase in
the concentration of the heavy metals in the
sediments occurs from both natural and
anthropogenic sources including domestic and
industrial effluents, fertilizer remains, river inputs,
vehicular emissions, erosion and waste disposal
(Mwamburi, 2003; Tokalioglu et al., 2003).
Furthermore, in urban agglomerations there is a
permanent concern regarding trace metal loads
and speciation (Goonetilleke et al., 2005).

Speciation information of heavy metal ions is
very important for their toxicity and biological role
of a particular elements vary greatly depending
on its chemical form. The determination of



Venugopal, T. et al.

extractable trace metals in soil or sediment is often
used to gain an insight into chemical speciation.
The toxicity of metals depends especially on its
concentration in various fractions of sediments
rather than on their total elemental contents, and
therefore, speciation studies increasingly gain
importance. It had been demonstrated that physical
speciation, i.e. the distribution of an analyte
according to physical properties such as size or
solubility, controls the overall physical transport
of trace metals, while the speciation of dissolved
metals, i.e., the distribution of an element amongst
defined chemical species in a system, governs its
effects on aquatic biota. Therefore, the most
important process controlling trace metal effects
and fate in aquatic systems is the partitioning
between the solid and the aqueous phase. When
this competition favors the aqueous phase, metal
bioavailability and toxic potential tend to increase.
When adsorption predominates, particulate matter
acts as the major carrier of trace metals, thus
reducing metal toxicity on a short-term basis and
changing the ultimate fate of these species.

In this study, the concentration of heavy metals
in various fractions of the sediments is determined

and the bioavailability of these metals is evaluated
from the mobility fractions and categorized the
sediments according to the risk assessment code.

MATERIALS & METHODS

The sediment samples of river Adyar is taken
up for Geochemical analysis (Fig. 1). River Adyar
starts from Malaipattu Dam (80.00° latitude and
12.93° longitudes) near Manimangalam village,
Sriperumbathur taluk, at about 15km west of
Tambaram near Chennai. Though it originates from
the above point, it assumes the appearance of a
stream only after it receives surplus water from
the Chembarambakkam tank. It flows through
Kancheepuram, Tiruvallur and Chennai districts
for a distance of about 50km and enters into the
Bay of Bengal near Adyar. The river receives a
sizeable quantity of sewage from its neighborhood
after it reaches Nandambakkam near Chennai.
This river is almost stagnant and do not carry
enough water except during rainy season (NW-
monsoon). Rapid industrialization and urbanization
(Fig.2) along the river course during 80’s and 90’s
of last century has increased the pollution of the
river watershed which leads to the present day
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Fig. 1. Base Map of Adyar River depicting the sample locations
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Fig. 2. Map showing the Pollution sources of Adyar River

deteriorated condition of water level. River water
near the midstream is found to be contaminated
by the industrial and domestic effluents directed
into the river course and the lower part of the
river water is observed to be polluted by domestic
effluents and saline water intrusion (Fig.2).

Thirty three sediment samples were collected
in September 2005 (pre-monsoon) and in February
2006 (post monsoon) from the origin of the river
to the confluence point (Fig.1). For the collection
of bed sediments, the standard methods were
adopted (Chapman, “1992”). Samples were
collected from the subsurface at a depth of 10-15
cm. About 250 g of the samples were collected
in polythene bags and were kept frozen to
preserve their chemical integrity until analysis. The
sediment samples were air dried at room
temperature and sieved through a 2-mm nylon
sieve to remove coarse debris. The sediments
were then ground until all particles pass through a
200-mesh nylon sieve. Tessier sequential
extraction procedure was used in this study
(Tessier et al., 1979). The sediments were
analyzed for the chemical partitioning of Cr, Cu,
Fe, Mn, Ni, Pb and Zn. The five fractions viz.,
Exchangeable, carbonate bound, Fe-Mn oxide,
organic and residual fractions were evaluated. The
separation of the residue from the supernatant of
each fraction was performed by centrifuging at
4000 rpmfor 30 minutes. The residue was washed

with double distilled water and again centrifuged
for 25 minutes. This wash water was discarded
and the separated supernatants were made up to
the recommended volume (Tessier et al., 1979)
in each fraction. The concentrations of heavy
metals in each fraction were determined using
Graphite Furnace Atomic Absorption
Spectrophotometer (Perkin-Elmer AAnalyst 700).
Multi element Perkin-Elmer standard solutions
were used for the estimation of Trace metals.
Precision of the analysis was monitored by running
triplicates for every 20 samples and it was found
that the results are <7% relative standard deviation.
The total metal content was also determined to
assess the quality of the study. The percent ratios
of the sum of concentrations of five fractions to
the total concentrations measured separately of
Cr, Cu, Fe, Ni, Mn, Pb and Zn were 96, 108, 97,
93, 109, 94 and 92%, respectively.

RESULTS & DISCUSSION

The results of statistical parameters on the
chemical partitioning data of Cr, Cu, Fe, Ni, Mn,
Pb and Zn in bed sediments of River Adyar is
summarized in Table 1.

The effect of season on the various sediment
fractions of the heavy metals is determined using
t-test. The result demonstrates that Cu, Fe and Ni
shows significance to seasonal effect in almost
all the fractions. The percentage abundance of
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Table 1. Summary statistics of the analytical data

Pre monsoon

Post monsoon

Parameters t R
(ng/g) Min Max  Mean c Min Max  Mean c
IF 1.00 6.40 2.80 1.40 0.08 4.96 1.87 126 29 S
IF 1.00 7.80 3.50 1.60 0.16 6.24 2.58 133 25 S
Cr InF 2.20 6530 18.70 1410 120 59.60 1651 13.00 0.7 N
IV F 1.10 7470 2280 21.70 080 7240 2089 2092 04 N
VF 65.50 232.10 152.00 4430 5850 206.00 139.94 4357 11 N
IF 1.86 16.98 9.88 4.20 152 12.00 6.77 272 36 S
IF 1.26 6.98 3.76 1.44 0.96 4.32 2.42 101 44 S
Cu I F 6.57 21.26  11.33 3.45 520 15.80 7.89 224 48 S
IV F 8.16 75.26 2248 1374 560 6460 1749 1253 15 N
VF 10.21 4235 2351 7.99 7.75 36.25 1951 714 22 S
IF 149.00 563.00 333.00 110.00 30.00 483.00 222.00 116.00 4.0 S
INF 155.00 698.00 431.00 148.00 57.00 477.00 248.00 111.00 57 S
Fe I F 6958 21652 12842 3305 4668 18452 9230 3186 45 S
IV F 3125 8564 5969 1300 2170 5894 3437 858 93 S
VF 12954 48962 37856 8935 10180 45700 34241 8661 1.7 N
I F 2.48 15.62 8.85 3.49 0.64 8.40 4.53 183 62 S
IF 2.24 8254 2812 2355 09 7728 2190 2029 12 N
Mn I F 521 369.59 10386 99.77 126 33320 7800 79.71 12 N
IV F 411 15237 46.72 4880 1.76 11246 3507 3772 11 N
VF 3429 24251 11096 43.09 2475 202.00 89.23 3855 22 S
IF 3.88 18.47 8.86 3.03 264 1425 591 213 46 S
IF 2.21 15.36 7.55 3.33 1.52 9.56 4.30 192 49 S
Ni InF 7.89 2411  16.67 4.60 520 1842 11.66 380 48 S
IV F 3.22 3433 14.33 5.36 156  29.00 10.16 466 34 S
VF 17.25 4569  27.76 6.34 1265 37.84 20.72 593 47 S
IF 0.35 231 0.93 0.45 0.19 2.69 0.96 060 -02 N
IF 0.21 1.85 0.81 0.37 0.16 1.35 0.63 035 20 N
Pb I F 0.82 14.20 5.52 4.22 059 1237 4.42 354 12 N
IV F 1.13 15.80 10.08 3.53 0.85 14.68 8.40 299 21 S
VF 3.65 19.34  14.50 3.83 135 16.34 9.76 298 56 S
I F 0.29 0.98 0.56 0.19 0.22 0.69 0.42 014 35 S
IF 1.34 13.54 6.37 2.82 0.88 8.26 4.20 195 37 S
Zn I F 3215 21561 88.26 4740 1780 199.68 8142 4508 0.6 N
IV F 129 11234 2889 2692 026 109.68 2461 2569 0.7 N
VF 26.51 23589 12892 58.75 20.23 238.60 11981 5798 0.6 N

t stands for t-test Critical two-tail- 2.01 G- standard deviation S-significant, N-non-significant, R- Result
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the heavy metals in various fractions is presented
in pie diagram (fig.3). The spatial variation of
heavy metals in various fractions is represented
in figs. 4 & 5 for pre monsoon and post monsoon
respectively. In the study area, during pre-
monsoon, the exchangeable and carbonate bound
fractions of Cr ranges from 1.0 to 6.4 with a
mean of 2.8 pg/g and 1.0 to 7.8 with a mean of
3.5 pg/g respectively. The spatial variation of pre-
monsoon with respect to this metal in the
exchangeable fraction is found to be distributive
with some of the stations (stations 2, 3, 10, 19, 25
and 30) shows higher values both in the upper
and lower part of the river. The concentration of
Cr in the carbonate bound fraction is also in line
with the exchangeable fraction demonstrating high
concentration of this metal in the upper to lower
part of the river sediments at stations 1-4, 11, 12,
and 27-29. During post monsoon, the concentration
of metals bound to these fractions are found to be
slightly decreased and it ranges from 0.08 to 4.96
with a mean of 1.87 pg/g and 0.16 to 6.24 with a
mean of 2.58 in the | and 11 fractions respectively.
The distribution pattern of post monsoon is in line
with the pre-monsoon in the exchangeable fraction
having higher concentration at stations 3, 10, 19,
24, 25 and 31. The carbonate bound fraction has
significant values of Cr in certain stations at upper,
middle and lower part of the river at stations 1-4,
10-12 and 26-29. The spatial-variation with regard
to Cr in these fractions is found to be distributive
with some of the station showing higher values in
the middle and lower part of the river.

In the case of post monsoon, Il and IV
fraction have values ranging from 1.2 to 59.6 with
a mean of 16.51 and 0.80 to 72.4 with a mean of
20.89ug/g respectively.Fig. 5 reveals that the
stations 3, 10, 11 & 24-31 shows higher values in
the Fe-Mn fraction and the organic fraction have
higher values at stations 19-21 in the middle part
and station 24-26 & 28-33 in the lower part of the
river. The middle and lower part of the river runs
through the urban area. In the suburban area, it is
found that there are many small and tiny tanneries
and the effluents from these tanneries are found
to be rich in chromium. The surface run-off of
these effluents due to precipitation and also in
certain points, it is observed that the effluents are
directly directed into the river water. This
increases the concentration of the metal in the
bed sediment of the river.
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In the residual fraction, the concentration of Cr
ranges from 65.5 to 232.1 with an average value
of 152ug/g and 58.5 to 206 with an average value
of 139.9 pg/g during pre-monsoon and post
monsoon respectively. There is only a slight
decrease in the values and the seasonal effect is
not found to be significant in this fraction. The
spatial-temporal variation results show that in both
the seasons, the residual fractions is found to be
predominant and the contribution of the other four
fractions to the total concentration is only minimal.
During pre-monsoon, the residual fraction shows
an increase in the Cr concentration from the upper
to the lower part of the river bed sediments.
Station 1-3 of the upper part shows higher
concentration of Cr and stations falling in the lower
part of the river sediments shows high values. Post
monsoon also follows the same pattern but with
reduced values. Though the total concentration
of the chromium in the sediments is not alarming,
the slight increase in the lower part may be
attributed to the influence of the industrial effluents
into the river water near the urban area.

The speciation pattern of Cr reveals that during
pre-monsoon, 3% of the metal was present in the
exchangeable and Carbonate bound fractions
whereas post monsoon records 2% with these
fractions. About 77% of the metal was bound to
residual fraction in both the seasons and
irrespective of the regions (upper and lower part
of the river); there is no much change in the
fractionation with regard to this metal. The
speciation results clearly shows that the chromium
content in the bed sediments can only be attributed
to the background metal concentration in many of
the stations except in the lower part where there
is a slight increase in the concentration due to
anthropogenic activities.

During pre-monsoon, the exchangeable and
carbonate bound fractions of Cu ranges from 1.86
to 16.98 with a mean of 9.88ug/g; and 1.26 to
6.98ug/g with a mean of 3.76ug/g respectively.
The spatial-temporal variations show that the
exchangeable fraction is found to be high near
the middle and lower part of the river. The stations
10-18 and 21-27 show high values with regard to
Cu. The concentration of Cu in the carbonate
bound fraction is found to have distributive pattern.
During post monsoon, the concentration of metals
bound to these fractions are found to be slightly
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Fig. 3. Percentage distribution of metals in various fractions(Continuation)

decreased and it ranges from 1.52 to 12.0 with a
mean of 6.77 pg/g and 0.96 to 4.32 with a mean of
2.42 in the | and Il fractions respectively. The
spatial diagram shows a distributive pattern of
exchangeable fraction with some of the stations
showing slightly higher values in the middle and
lower part of the river. Stations 10-16, 21, 26 & 27
show high values with regard to the concentration
of this metal in this fraction. The concentration of
the metal in the carbonate bound fraction is
observed to be lesser than the exchangeable
fraction and the spatial diagram shows some
significant values of Cu in the lower part of the
river sediments.
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In the moderately bound fractions viz., Fe-Mn
oxide and organic fractions, during pre-monsoon,
the concentration of the metal ranges from 6.57
to 21.26 with a mean of 11.33 and 8.16 to 75.26
with a mean of 22.48 ig/g respectively. The spatial
variation with regard to this metal in Fe-Mn oxide
fraction is found to be distributive with some of
the stations showing higher values in the middle
part of the river. The distribution diagram of the
organic fraction shows higher values in the lower
part of the river at stations 26-32. In the case of
post monsoon, Cu value ranging from 5.2 to 15.8
with a mean of 7.89 and 5.6 to 64.6 with a mean
of 17.49 pg/g in 1l and IV fractions respectively.
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Spatial variation diagram of Fe-Mn oxide fraction
shows a distributive pattern at stations 1, 13, 14,
17 and 26. In the case of organic fraction, Cu
shows higher values in the middle and lower part
of the river at stations 12-14 and 26-32. In the
residual fraction, the concentration of Cu ranges
from 10.21 to 42.35 with an average value of 23.51
Ho/g and 7.75 to 36.25 with an average value of
19.51 pg/g during pre-monsoon and post monsoon
respectively. There is only a slight decrease in the
values and the seasonal effect is not found to be
significant in this fraction.
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The partitioning percentage of Cu in the
sediments is of the order: residual > organic > Fe-
Mn oxide > carbonate > exchangeable. In general,
the concentration of Cu is found to be high in
certain stations falling in the middle and lower part
of the river. This region falls in the urban area and
both industrial and domestic effluents are found
to be directed into the river water. Exchangeable
fraction shows a distributive pattern with respect
to the stations. In these sediments, copper is largely
bound to the oxidize-able fraction reflecting the
availability of high organic matter in the sediments
and the formation of stable organometallic
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complexes. The high stability constant of organic
copper compounds results in stable complex
formation (Morillo et al., 2004). The exchangeable
and Carbonate fraction of the Cu in the sediment
during pre-monsoon are 14% and 5% whereas
during post monsoon, there is a slight decrease in
these fractions to 13% and 4%. Residual fraction
accounts for 34% and 36% during pre and post
monsoon seasons. Since the contribution of the
residual fraction to the total metal content is low,
it could be suggested that there is an increase from
the background value. Hence it is proposed that
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Cu would have been introduced into the river
sediments largely from the anthropogenic sources.
Higher percentage values in the exchangeable and
carbonate fractions indicate that the metal in the
river sediments are potentially more available for
exchange and/or release into the riverine
environment.

During pre-monsoon, the exchangeable and
carbonate bound fractions of Fe range from 149
to 563 with a mean of 333 ug/g and 155 to 698
with a mean of 431 pg/g respectively. The spatial-
temporal variations with regard to exchangeable
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and carbonate bound fractions are found to be of
distributive pattern. During post monsoon, the
concentration of metals bound to the exchangeable
and carbonate bound fractions are found to be
slightly decreased and it ranges from 30 to 483
with a mean of 222 pg/g and 57 to 477 with a
mean of 248 pg/g respectively. The distribution
pattern of post monsoon is in line with the pre-
monsoon results. The stations 1, 4-6, 8-11 show
high value with regard to the concentration of this
metal in the exchangeable fraction. The carbonate
bound fraction show high value at station 8-11,
14, 15, 30-33 with regard to Fe.

In the moderately bound fractions, viz., Fe-
Mn oxide and organic fractions, during pre-
monsoon, the concentration of the metal ranging
from 6958 to 21652 with a mean of 12842 and
3125 to 8564 with a mean of 5969 pg/g
respectively. The spatial variation with regard to
this metal in the Fe-Mn oxide fraction shows high
value at stations 13, 14, 19-23 and 30. Fe
concentration in the organic fraction shows higher
values at the middle and lower part of the river at
stations 13, 17, 23, 30 and 32. In the case of post
monsoon, 111 and IV fraction have values ranging
from 4668 to 18452 with a mean of 9230 and 2170
to 5894 with a mean of 3437 ug/g respectively.
The concentration of the metal in the organic
fraction is found to be low as compared to the Fe-
Mn fraction. These fractions have higher values
at station 3 in the upper part; 12, 13 and 20 in the
middle part and station 31 & 32 in the lower part
of the river.

In the residual fraction, the concentration of
Fe ranges from 12954 to 48962 with an average
value of 37856 pg/g and 10180 to 45700 with an
average value of 34241 pg/g during pre-monsoon
and post monsoon respectively. The results show
that in both the seasons, the residual fraction is
found to be predominant and the contribution of
the other four fractions to the total concentration
is only minimal. During pre-monsoon, the residual
fraction shows higher values at Station 2, 3, 8-10,
in the upper part; 15-17 in the middle part; 21, 28-
30 in the lower part of the river. Post monsoon
also follows the same pattern but with reduced
values. Though the total concentration of the iron
in the sediments is not alarming, the slight increase
in some of the stations may be attributed to the
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influence of the industrial effluents into the river
water near the urban area.

The speciation diagrams depicts that the
fractions does not show much variability with
regard to the seasons. The residual fraction shows
higher values near the upper part of the river during
pre-monsoon. The partitioning of Fe in the
sediments is in the order: residual > Fe-Mn oxide
> organic> carbonate / exchangeable. During pre-
monsoon, the exchangeable and carbonate bound
fractions shows 2% whereas in the case of post
monsoon, a reduction in the value is observed in
these fractions from 2 to 1%. Since the
concentration of Fe in the mobile fraction is found
to be very low, it may be concluded that the
sediment is not polluted with regard to this metal.
Post monsoon recorded a high residual fraction
than that of the pre-monsoon reflecting the
deposition of fresh soil sediments due to the heavy
precipitation during this period. The high percent
availability of Fe in the residual fraction indicates
that the concentration of the metal in the sediments
can be attributed to the background value. In both
the seasons and in all the fractions, the Fe content
in the sediments is found to be distributive and
there is not much variation of Fe concentration in
the upper and lower part of the river.

During pre-monsoon, the exchangeable and
carbonate bound fractions of Mn range from 2.48
to 15.62 with a mean of 8.85 ug/g and 2.24 to
82.54 with a mean of 28.12 ug/g respectively. The
spatial-temporal variations show that the
exchangeable fraction is found to be high near
the upper and lower part of the river. The
concentration of Mn in the carbonate bound
fraction demonstrates high values near the upper
and lower part of the river at stations 1-10 and
29-31. During post monsoon, the concentration of
metals bound to these fractions are found to be
slightly lower. It ranges from 0.64to 8.40 with a
mean of 4.53 pg/g and 0.96 to 77.28 with a mean
0f 21.90 pg/g in the I and 11 fractions respectively.
The spatial diagram shows a distributive pattern
with regard to Mn in the exchangeable fraction
with some of the stations showing slightly higher
values in the upper and lower part of the river.
The carbonate bound fraction has significant values
of Mn in the lower part of the river at stations 5,
6, 8-10, 30 & 31.
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In the moderately bound fraction viz., Fe-Mn oxide
and organic fraction, during pre-monsoon, the
concentration of the metal ranging from 5.21to
369.59 with a mean of 103.86 pg/g and 4.11 to
152.37 with a mean of 46.72ug/g respectively. The
spatial variation with regard to this metal in Fe-
Mn oxide fraction is found to be high at stations
5-8 in the upper part; 12-14 in the middle part; 24
& 25 in the lower part. The distribution diagram
of the organic fraction shows higher values in the
upper part of the river at stations 7-13. In the case
of post monsoon, Mn values ranging from 1.26 to
333.20 with a mean of 78.0 and 1.76 to 112.46
with a mean of 35.07 pg/g in 111 and 1V fractions
respectively. Spatial variation diagram of Fe-Mn
oxide fraction show similar pattern as that of pre-
monsoon with higher values at stations 6-8, 12, 13
and 25. The organic fraction also falls in the same
line with the pre-monsoon pattern showing higher
values in the upper part of the river at stations 7-
13. In the residual fraction, the concentration of
Mn ranges from 34.29 to 242.51 with an average
value of 110.96 pg/g and 24.75 to 202.0 with an
average value of 89.23 pg/g during pre-monsoon
and post monsoon respectively. There is only a
slight decrease in the values and the seasonal
effect is found to be only moderately significant
in this fraction.

The partitioning percentage of Mn in the
sediments is in the order: residual > Fe-Mn oxide
> organic > carbonate > exchangeable. The
speciation pattern of pre-monsoon show that the
exchangeable fraction of the sediment has 3% of
the total metal whereas the carbonate fraction has
high concentration of the metal with 9%. A slight
variation in these fractions is observed during post
monsoon with 2% and 10% in exchangeable and
carbonate fractions respectively. About 37% of
the total metal falls under the residual category
suggesting that there is an increase in the Mn
concentration from the background value of the
study area. It is apparent from the data that the
concentration of Mn in all the fractions shows
higher values in the upper and lower part of the
river sediments. Indiscriminate usage of fertilizers
and pesticides containing trace metal impurities
near the catchment areas and the mixing of
industrial and domestic effluents into the river water
influences the concentration of this metal in the
river bed sediments.
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During pre-monsoon, the exchangeable and
carbonate bound fractions of Ni range from 3.38
to 18.47 with a mean of 8.86g/g and 2.21 to 15.36
with a mean of 7.55ug/g respectively. The spatial-
temporal variations shows that the exchangeable
fraction is found to have a distributive pattern with
higher values at stations 3, 7, 15, 21, 22, 27 and
31. Carbonate bound fractions shows significant
values at stations 11, 30-33. During post monsoon,
the concentration of metals bound to these
fractions are found to be slightly decreased and it
ranges from 2.64 to 14.25 with a mean of 5.91ug/
gand 1.52 to 9.56 with a mean of 4.30ug/g in the
I and Il fractions respectively. The spatial diagram
with respect to exchangeable fraction shows
higher values in the lower part of the river. Stations
3, 6,21, 22, 27 and 32 show high values with regard
to the concentration of this metal in this fraction.
The carbonate bound fraction demonstrates
distributive pattern of Ni values and the higher
concentrations are observed at stations 6, 30-33.
In the moderately bound fractions viz., Fe-Mn
oxide and organic fractions, during pre-monsoon,
the concentration of the metal ranging from 7.89
to 24.11 with a mean of 16.67 and 3.22 to 34.33
with a mean of 14.33 pg/g respectively. The spatial
variation with regard to this metal in Fe-Mn oxide
fraction is found to have higher values in the lower
part of the river sediments at stations 2,3, 22-24,
26-28, 30 & 31. The distribution diagram of the
organic fraction demonstrates a distributive pattern
with higher values at stations 10, 11, 18, 21, 30-
32. In the case of post monsoon, Ni values ranging
from 5.20 to 18.42 with a mean of 11.66 and 1.56
to 29.0 with a mean of 10.16 pg/g in Il and IV
fractions respectively. Spatial variation diagram
of Fe-Mn oxide fraction shows similar pattern as
that of pre-monsoon with higher values in the upper
and lower part of the river at stations 2, 3, 14, 21-
28 & 30. The organic fraction also fall in the same
line with the pre-monsoon pattern showing higher
values in the middle and lower part of the river at
stations 10, 15, 18, 30 and 32. In the residual
fraction, the concentration of Ni ranges from 17.25
to 45.69 with an average value of 27.76 pg/g and
12.65 to 37.84 with an average value of 20.72 pg/
g during pre-monsoon and post monsoon
respectively. The residual fraction shows higher
concentration of Ni in the middle part of the river
in both the seasons.
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The partitioning percentage of Ni in the sediments
is of the order: residual > Fe-Mn oxide > organic
> exchangeable > carbonate. The speciation
pattern of Ni shows that the exchangeable fraction
is high with 12% and 11% during pre and post
monsoon respectively. The carbonate fraction of
the metal recorded 8% and these first two fractions
accounts for about 20% reflecting the
bioavailability of the metal. About 38% of the total
metal falls under the residual category suggesting
that there is an increase in the Ni concentration
from the background value of the study area. It is
apparent from the data that the concentration of
Ni in all the fractions shows higher values in the
m and lower part of the river sediments.

During pre-monsoon, the exchangeable and
carbonate bound fractions of Pb range from 0.35
to 2.31 with a mean of 0.93 pg/g and 0.21 to 1.85
with a mean of 0.81 pg/g respectively. The spatial-
temporal variations shows that the exchangeable
fraction shows high values near the middle and
lower part of the river. Carbonate bound fractions
also shows higher values at stations 9-12, 20, 26-
28. During post monsoon, the concentration of
metals bound to these fractions are found to be
slightly decreased and it ranges from 0.19 to 2.69
with a mean of 0.96 pg/g and 0.16 to 1.35 with a
mean of 0.63 ug/g in the | and Il fractions
respectively. The spatial diagram of exchangeable
fraction shows higher values in the middle and
lower part of the river. Stations 9, 10, 12, 13, 15-
18, 24 & 26 shows high values with regard to the
concentration of the metal in this fraction. The
carbonate bound fraction has significant values
of Pb in the lower part of the river at stations 25-
28.

In the moderately bound fractions viz., Fe-Mn
oxide and organic fractions, during pre-monsoon,
the concentration of the metal ranging from 0.82
to 14.20 with a mean of 5.52 and 1.13 to 15.80
with a mean of 10.08 ug/g respectively. The spatial
variation with regard to this metal in Fe-Mn oxide
fraction is found to be high in the lower part of the
river at stations 7, 27-29 & 33. The spatial diagram
of the organic fraction indicates a distributive at
stations 3-7 in the upper part; 11-13, 19 inthe middle
part; 26-30, 32 & 33 in the lower part of the river
sediment. In the case of post monsoon, Pb values
ranging from 0.59 to 12.37 with a mean of 4.42

and 0.85 to 14.68 with a mean of 8.40 pg/g in 111
and IV fractions respectively. Spatial variation
diagram of Fe-Mn oxide fraction show similar
pattern as that of pre-monsoon with higher values
in the lower part of the river at stations 27-29 and
33. The organic fraction also shows higher values
at stations 7, 11-13, 19, 27-29 and 33.

In the residual fraction, the concentration of
Pb ranges from 3.65 to 19.34 with an average
value of 14.50 pg/g and 1.35 to 16.34 with an
average value of 9.76 pg/g during pre-monsoon
and post monsoon respectively. The residual
fraction shows a distributive pattern with regard
to the concentration of Pb in both the seasons. It
is observed from the data that during both the
seasons, the concentration of Pb is found to be
high in the middle and lower part of the river. In
this region, the river water is highly polluted as
the domestic sewage water and industrial effluents
are directly directed into the river. Moreover, this
region falls in the urban area where the automobile
exhaust containing lead particles and the urban
run-off due to precipitation increases the metal
concentration in the river sediments. The
partitioning of Pb in the sediments is in the order:
residual > organic > Fe-Mn oxide >carbonate/
exchangeable. The speciation diagram shows
higher percentage of oxidize-able fraction 32%
and 35% during pre and post monsoon reflecting
that the organic load in the water binds the metal
and would have settled in the organic fraction of
the bed sediments. The exchangeable and
carbonate fraction during pre-monsoon shows 6%
and in the case of post monsoon, these fractions
accounts for 7%. These values suggest that the
sediments are moderately contaminated by
anthropogenic activities.

During pre-monsoon, the exchangeable and
carbonate bound fractions of Zinc range from 0.29
to 0.98 with a mean of 0.56 pg/gand 1.34 to 13.54
with a mean of 6.37 pg/g respectively. The spatial-
temporal variations show that the exchangeable
fraction is found to have a distributive pattern.
Carbonate bound fractions shows significant
values in the middle and lower part of the river
sediments at stations 19, 22 and 23. During post
monsoon, the concentration of metals bound to
these fractions are found to be slightly decreased
and it ranges 0.22 to 0.69 with a mean of 0.42 pg/
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g and 0.88 to 8.26 with a mean of 4.20 pg/g in the
I and Il fractions respectively. The spatial diagram
follows in line with the pre-monsoon and
demonstrates a distributive pattern with regard to
exchangeable fraction. The carbonate bound
fraction has significant values of Zn in the middle
part of the river at stations 19-21.

In the moderately bound fractions viz., Fe-Mn
oxide and organic fractions, during pre-monsoon,
the concentration of the metal ranging from 32.5
t0 215.61 with a mean of 88.26 and 1.29t0 112.34
with a mean of 28.89 pg/g respectively. The spatial
variation with regard to this metal in Fe-Mn oxide
fraction is found to be high in the lower part of the
river at stations 22-33. The distribution diagram
of the organic fraction shows higher values in the
upper and middle part at stations 3-8, 15, 16 & 19.
In the case of post monsoon, Zn values ranging
from 17.8 to 199.68 with a mean of 81.42 and
0.26 to 109.68 with a mean of 24.61 pg/g in 111
and IV fractions respectively. Spatial variation
diagram of Fe-Mn oxide fraction shows higher
values near the lower part of the river at stations
22-33. The organic fraction also fall in the same
line with the pre-monsoon pattern with higher
values at stations 3-9, 15, 18 and 19. In the residual
fraction, the concentration of Zn ranges from 26.51
to 235.89 with an average value of 128.92 ug/g
and 20.23 to 238.6 with an average value of 119.81
pg/g during pre-monsoon and post monsoon
respectively. The residual fraction shows a
distributive pattern with regard to Zn in both the
seasons.

The partitioning of the sediments is in the order:
residual > Fe-Mn oxide > organic >carbonate
>exchangeable. The speciation pattern of Zn
shows that the exchangeable and carbonate
fractions show 3% and 2% during pre and post
monsoon periods suggesting lower bioavailability
of the metals in the mobile fraction. About 51%
of the total metal falls under the residual category
indicating that there is an increase in the Zn
concentration from the background value of the
study area. It is apparent from the data that the
concentration of Zn in all the fractions shows
higher values in the middle and lower part of the
river sediments.

The results of sediment speciation reveal the
presence of metals in various fractions. This
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fractionation of metals facilitates to determine the
mobility of the heavy metals by evaluating the
percentage of metals in the weakly bound fractions
(Aand B) with the total metal content. Since these
fractions are easily mobilized, they form a potential
threat to the environment (Tessier et al., 1979;
Kabala and Singh, 2001). Kabala and Singh (2001)
proposed a mobility factor (MF) to assess the
behavior of the metal in soil and sediments which
was used by several authors (Ettler et al., 2005;
Chrastny et al., 2006).

MF = [(A + B)/(A + B + C + D + E)] x 100(%)

Where A, B, C, D and E are the concentration of
the metals present in exchangeable, carbonate,
reducible, oxidize-able and residual fractions
respectively.

In this study, the Risk Assessment Code
(RAC) which takes into account the mobility
fraction of the metal was evaluated in order to
identify the extent of risk associated with the
percentage of metals present in the sediments. A
sediment containing less than 1% of exchangeable
and carbonate fractions is considered safe for the
environment; 1-10% of these fractions is regarded
as low risk; medium risk category falls in 11-30%
of these fractions; mobile fractions with values
31-50% and more than 50% are considered as
high risk and very high risk categories respectively
since the metals found in these fractions are bio-
available and it may easily enter into the food chain.
In the study area, the results of RAC (Table 2)
reveals that Cr during both pre and post monsoon
periods falls in the category of low risk in all the
stations. Fe shows that many of the stations falls
in the low risk and no risk category. Seasonal
effect is significant as many of the post monsoon
stations falls in the no risk category. In the case
of Cu, seasonal effect is found to be apparent and
during pre-monsoon, 28 stations falls in the
category of medium risk with 3 stations in the high
risk region. Post monsoon follows almost the same
pattern but with a reduced number of stations in
the high risk category. In the case of Mn, 17 stations
are in the medium risk category and 16 stations
are in the low risk category during both pre-
monsoon and post monsoon. Most of the stations
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falls in the medium risk category for the metal Ni
with 3 stations are observed to be in the high risk
category during pre-monsoon. In the case of post
monsoon, the number of high risk stations reduced
from 3 to 2. The speciation results of Pb shows
those 28 stations and 5 stations are found to be in
the low risk and medium risk category respectively
during pre-monsoon. In the case of post monsoon,
25 stations and 8 stations fall in the low and
medium risk category. Zn illustrates moderate
seasonal effect and most of the stations are found
to be in the low risk category. The speciation
results of Cu and Ni shows that some of the
stations are found to be in the high risk category
which is a concern for the environment and human
health.

The results of |, (karbassi et al., 2008)
supplements the speciation data where it has been
observed that the pollution index is very high in
the case of Ni during both pre and post monsoon
periods (Table 3). Chromium, Fe and Pb shows
low I, values indicating that the river sediments
are not much affected with regard to these metals.
The moderate |, values obtained for Mn and Zn
are in line with the speciation results.In general,
many of the medium risk and high risk stations
with regard to the heavy metals are found to be in
the middle and lower part of the river where both
industrial and urban domestic effluents are found
to be directly directed into the river water.
Necessary control and remedial action is required

Table 2. Distribution of the number of stations in each risk category

Cr Cu Fe Mn Ni Pb Zn

Risk
category

pre post pre post pre post pre post pre post pre post pre post
No risk 6 18 1 4
Low risk 33 33 2 3 27 15 16 16 28 25 32 29
Medium 28 29 177 17 30 31 5 8
risk
High risk 3 1 3 2
Very high
risk

Table3. 1, value for pre-monsoon and post monsoon of sediment of river Adyar

Element Pre-monsoon Post Monsoon
Cr 0.27 0.19
Cu 0.73 0.60
Fe 0.40 0.33
Mn 0.94 0.80
Ni 1.52 2.36
Pb 0.43 0.51
Zn 0.71 0.69
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in this region since more of stations fall in the risk
category.

CONCLUSION

The results of speciation study of the sediments
of River Adyar throw more light on the nature
and origin of the heavy metals. The study highlights
the significance of the fractionation of metals
providing the vital bioavailability data. The seasonal
variation of the heavy metals in each fraction was
not carried out in the sediments of River Adyar
previously and hence the result gains more
significance. The t-test carried out on the various
fractions shows that Fe, Ni and Zn illustrates
significant seasonal effect on all the fractions.
Interestingly, Mn shows non-significance towards
the seasonal effect for all the fractions except
exchangeable fraction. Among the five fractions,
the study highlights the significance of the mobility
fraction which encompasses the exchangeable and
Carbonate bound fractions. Since in these two
fractions, metals can easily be desorbed and hence
the bioavailability of the metals in the sediment
can be determined.

Based on this, Risk assessment was evaluated
for the heavy metals and the results shows that
Cr and Fe does not have much risk impact on the
environment. Cu and Ni demonstrate medium risk
at about 30 stations. Manganese shows medium
risk at about 17 stations. The fractionation results
of Copper and Nickel in the river sediments shows
high risk at about 3 stations. In general, the medium
and high risk stations fall in the middle and lower
part of the river which is found to be highly polluted
due to the mixing of industrial and domestic
effluents. From the results of the studly, it is highly
recommended to periodically monitor the level of
pollution and action is highly warranted to control
the mixing of effluents in order to halt the
augmentation of the concentration of heavy metals
in this region.
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