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ABSTRACT 
The distribution of heavy metal in different chemical form in sediments of the Brahmaputra 
river, Assam, India has been studied using sequential extraction method. Twelve surface 
sediment samples were collected from upstream to downstream. Seven heavy metals (Fe, Mn, 
Cu, Ni, Pb, Co, Cr) were analysed in collected samples. In most cases the average heavy metal 
concentrations in sediments were below the standard Shale values. It was found that in 
downstream location the river get contaminated by certain metals. Source apportionment carried 
out using principal component analysis. Result suggests that Cu, Ni, Co, Cr attributed 
anthropogenic source of heavy metal. Common source are urban run, municipal sewage and 
industrial effluents. Fe and Mn act as scavenger of heavy metal in the river system. Metal 
enrichment show minimal to moderate contamination. Metal speciation result revealed that most 
of the metals are associated with residual fraction except Cu which indicates that these metals 
are immobile. The risk assessment code suggests low to medium risk for all heavy metal except 
Cu and Pb which show high risk.  

Key Words : Brahmaputra river, Sediments, Heavy metals, Sequential extraction, Industrial 
effluents 

 
INTRODUCTION 

Heavy metals pollution is a serious concern in 
recent years. Elevated emissions and the 
deposition over time can lead to anomalous 
enrichment causing surface contamination.1,2  

In particular its contribution in aquatic system 
is of serious concern being majority of living 
species inhabited on it and those on the ground 
as well need it for survival.3,4 Sediments act as 
sink for heavy metals and distributed in 
different binding form which determines its 
mobility.5 Heavy metals exist in sediment in 
different fraction namely exchangeable, 
carbonates, oxidizing, organic matter and 
residual fractions.6  After being introduced into 
the river from various sources and paths they 
undergo various interactive reactions through 
precipitation, adsorption and chelation 
processes.7 Changes in environmental 
condition like pH redox potential may cause 
remobilization of metal from sediment. The 
Brahmaputra river is the fifth largest river       
in the world and is second in terms of sediment  

transported per unit area.8 The river has 
potential source for agriculture, irrigation, 
transportation, electricity and habitat for 
aquatic organism. People residing along its 
bank directly or indirectly depend on the river 
for their livelihood. Rapid urbanisation, 
agricultural activity and industrialisation have 
caused degradation of river quality and lead to 
enrichment of metal as well. In view of above 
fact it is important to understand the 
distribution and form of heavy metals their 
bioavailability and toxicity.  

AIMS AND OBJECTIVES 
The objectives of the present study are to 
assess the extent of heavy metal (Fe, Mn, Cu, 
Pb, Co, and Cr) pollution in the sediments to 
determine potential mobility of heavy metal 
using sequential extraction method. 

MATERIAL AND METHODS 
Study area 
The Brahmaputra river is one of the worlds 
largest sand-bar braided rivers in the world *Author for correspondence 
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having a seasonal high discharge, high sediment 
load and characterized by frequent changes in 
channel pattern.9 The Brahmaputra river 
originates on the Angsi Glacier located on the 
northern side of the Himalayas in Burang county 
of Tibet at an elevation of 5300m above mean 
sea level. The geology of the Brahmaputra 
system on the Assam plain consists of the higher 
and lesser Himalaya sequences that consists 
schists, marbles with amphibolites and quartzites. 
The Brahmaputra valley of Assam consists of 
older and newer alluvium deposits.  
Collection of samples 
Twelve surface sediment samples were collected  

from various locations of the Brahmaputra 
River are shown in Fig. 1. From each zone 
four representative samples were collected  
from Dibrugarh : Majanthakurbari(S1), Dibh-
anghat(S2), Paanchali(S3), Mohanghat(S4), 
Tezpur: Koliabhumura-1(S5), Koliabhumura-
2(S6), Ganeshghat(S7), Jahaazghat(S8), Gu-
wahati: Hukhleswar(S9), Pandu(S10), Kacha-
righat(S11) and Bhootnath(S12) Samples 
were collected in air tight polythene bags and 
were air dried. The powdered sediment 
samples were sieved with the help of a sieve 
shaker to obtain 63µm sediment fraction 
(clay/silt).  

 
Fig. 1 : Sampling locations in the Assam, India stretch of the Brahmaputra river location 

This fraction (63µm) has been considered for 
heavy metal analysis because this fraction 
minimizes the grain size dependencies of metal 
concentration. The analysis of the samples was 
done as per the standard procedures. The 
chemicals used were mostly of analytical 
grade. pH of the sample was measured using 
1:5 ratio and organic matter was analyzed 
using Walkey and Black titration method. 
Glass wares were treated in a solution 3% v/v 
nitric acid for 24 hours and then washed with 
distilled and deionised water. Grain size 
analysis was performed using dry sieving 
method.  
Total metal 
Total metal digestion was carried out using tri 
acid (HF+HNO3+HClO4). 4ml of concentrated 

HF was added to the sediment sample and 
allowed to react overnight at room 
temperature. 12ml of aqua regia (HCl+HNO3) 
was added to the sample and digested in teflon 
bomb at 130oC. The samples were then filtered 
through   Whatmann no. 42 paper and diluted 
to 50ml with milli-Q water. In filtrate sample 
heavy metals-Iron(Fe), Manganese(Mn), Cop-
per(Cu), Nickel(Ni), Lead(Pb), Cobalt(Co) and 
Chromium(Cr) were analyzed in ICP-OES 
(2100 DV Perkin Elmer).  
Heavy metal fractionation 
Extraction of heavy metals in river sediment 
samples were determined using Tessier 
sequential extraction method.10 The following 
four fractions were used for partioning the 
heavy metals : Exchangeable : 1g sediment 
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sample was extracted at room temperature with 
10ml of 1M MgCl2 (pH 7.0) with continuous 
agitation. Bound to carbonates : The residue 
obtained from step 1 was leached at room 
temperature with 10ml of 1M sodium acetate 
adjusted to pH 5.0 with acetic acid. The 
mixture was agitated for 5 hours. Bound to Fe-
Mn oxides : The residue obtained from step 2 
was refluxed at 1000C with 20ml of 0.04M 
NH2OH.HCl in 25%( v/v) acetic acid for 6 
hour. Bound to organic matter : To the residue 
obtained from step 3, 3ml of 0.02M HNO3 and 
5% of 30% H2O2 were added and pH adjusted 
to 2.0 with HNO3. The mixture was refluxed at 
1000C for 2 hour. A second 3ml aliquot of 
30% H2O2 (pH 2 with HNO3) was then added 
and the sample was again refluxed for 3 hour. 
After cooling 5ml of 3.2M ammonium acetate 
in 20%(v/v) HNO3 was added. The sample was 
diluted to 100ml and agitated continuously for 
30min. The addition of ammonium acetate is 
designed to prevent adsorption of extracted 
metals onto the oxidized sediment. After each 
step the suspension was centrifuged the 
supernatant was centrifuged for 30 minutes at 
10,000rpm, the supernatant was filtered 

through a filter paper and the filtrate was 
separated and the solid phase was added with 
the reagents for subsequent extraction. The 
concentration of heavy metals extracted in 
each fraction is determined using ICP-OES 
(2100 DV Perkin Elmer). 

RESULTS AND DISCUSSION 
Physicochemical characteristics 
The pH and organic matter content of sediment 
at different sites are shown in Fig. 2. The pH 
of the sediment samples varies from 7.83 to 
8.59 indicating alkaline nature of the 
sediments. The organic matter content is an 
important property of sediment and affects 
metal mobility.11 The organic matter content in 
the samples varies from 0.31 to 5.01%. The 
highest organic matter content is found at 
S11and S12 (5.01%) i.e. samples from 
Guwahati, India. It may be due to direct 
discharge of large amount of sewage and 
decomposed organic solid from the city. 
Sediment of the Brahmaputra river consists of 
varying proportion of sand, silt and clay. The 
average sand is 78.2%, silt 12.7% and clay 
9.2% majority of the sample shows silty sand 
in texture.  

 

Fig. 2 : pH and organic matter content of sediment samples of the Brahmaputra river, Assam, India 

Total metal 
Total metal concentration in surface sediment 
samples are shown in Fig. 3. Metal 
concentration in the sediment samples in twelve 
location of the Brahmaputra river varied from : 
Fe(1890 to 22401µg/g), Mn(288 to 817 µg/g ), 
Cu(9.45 to 65.2 µg/g), Ni(14.7 to 80.7 µg/g), 
Pb(8.34 to 24.6 µg/g), Co(7.89 to 18.7 µg/g), 
Cr(9.03 to 122 µg/g). Iron (Fe) is the most 
abundant metal in all sediments because it is 
one of the most common elements in the earths 
crust. Highest concentration of Fe is found at S3 

i.e., in upstream location may be due to 
presence of some geogenic source. Mn and Cr 
found to be high at S3. Metals (Cu, Ni, Pb, Co) 
found to be high in downstream location e.g at 
S10 and S12. These two locations are important 
river port high accumulation of metal is through 
anthropogenic activities. Metal concentrations 
of average shale are considered as background 
values.12 Geology of the present study area 
suggests that bed sediment derived from 
weathering and intense erosion of rocks 
particularly from mountain reaches.13 Therefore  
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average heavy metal concentrations in 12 
surface sediments of the Brahmaputra river 
are compared with shale value. The average 
heavy metal concentration in the sediments 
reveal that the concentrations of Cu, Pb, Ni 
and Cr at some locations are higher than 

respective shale value whereas concentration 
of Fe, Mn and Co in all sampling sites lower 
than average shale value (Fig. 2). The higher 
values of Cu, Pb and Cr than shale value at 
some sampling sites which attribute 
anthropogenic origin. 

 
Fig. 3 : Total heavy metal content in the surface sediment of the Brahmaputra river. (Dotted line 

represent average shale value) 

Enrichment factor 
Enrichment factor analysis is used to assess 
trace element concentration is mathematically 
expressed as, 

Enrichment ratio (ER) 
ቀి౮ూቁୱୟ୫୮୪ୣ

       ቀి౮ూቁୠୟୡ୩୰୭୳୬ୢ
=  

Where Cx stands for concentration of metal X. 
The background value is that of the world 
surface rock average. A five category ranking 
system is used in this paper to denote the degree 
of anthropogenic contamination. EF<2 states 
deficiency to minimal contamination, EF=2-5 
moderate contamination, EF=5-20   significant 
contamination EF=20-40 very high contamina-

tion and EF>40 extremely high contamination. In 
the present study Fe is used as the reference 
metal. EF of different metals is shown in Fig. 4. 
In upstream location (S1-S4) all metals show 
minimal to moderate contamination. In middle 
stream (S5-S8) metals show minimal to 
significant contamination. Pb show maximum 
EF value (9.60) found at S5 indicates significant 
contamination in that site. In downstream site 
(S9-S12) metals show minimal to moderate 
contamination. The EF value in order of 
decreasing is Pb<Co<Cu<Mn<Cr<Ni. High EF 
value indicates high anthropogenic input. Low 
EFs for most metals is due dilution effect by 
tributaries. 
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Fig. 4 : Box and whisker plot illustrating Enrichment Factor (EF) of different metal in surface 
sediment samples 

Metal fractionation 
The partitioning of heavy metals in the twelve 
surface sediment samples from the sequential 
extraction results are shown in Fig. 5. 

Fractionation profile of iron in bed sediments of 
the Brahmaputra river is mostly bound with 
residual fraction followed by oxidisable, 
reducible and bioavailable fraction.  

 

 
Fig. 5 : Heavy metal partitioning in surface sediments of the Brahmaputra river, Assam, India 
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Largest amount of Fe is associated with the 
residual fraction was reported by various 
workers.14 Metal found in residual fraction are 
within crystal lattice layer of silicates and 
crystallized oxide minerals and less 
biovailable. Manganese is mostly bound with 
residual, reducible, oxidisable and least is 
associated with bioavailable fractions. The 
relatively high concentration of Mn in 
reducible fraction suggests that the metal 
exists in the reduced form. This can be 
explained by the fact that Mn(II) oxidation is 
a much slower process than Fe (II) oxidation 
in most natural waters. A high concentration 
of Mn in exchangeable fraction at some 
location suggests that it may enter food chain 
and affect aquatic life. A major portion of Cu 
is bound to oxidisable and rest being 
associated with reducible, residual, 
bioavailable fraction. Several workers 
reported that extractable Cu is mainly 
associated with oxidizable phase where it is 
likely to occur as organically complexed 
metal species.15-17 Cu has high affinity for 
humic substance which is present in organic 
matter and easily make complex with metal. 
Ni is mostly bound with residual and 
oxidisable fraction. A substantial portion of 
Ni is associated with reducible and 
biovailable fraction. Concentration of Ni in 
oxidisable and reducible fraction is highest in 
downstream sites. Pb is mostly bound with 
reducible and residual fraction. The rest is 
being is associated with oxidisable and 
bioavailable fraction and may affect aquatic 
life. Highest concentration of Pb in reducible 
fraction found at Jahaazghat18-20 i.e in middle 
stream. Co is mostly bound with residual and 
rest being associated with oxidisable and 
reducible and biovailable fraction. Non-
residual fractions have been found highest in 
downstream site as compare to middle and 
upstream site. Greater concentration of Co in 
organic bound fraction acts as sink for metals 
but change in oxidizing conditions may lead 
to release of soluble metals. Cr is mostly 
associated with residual and rest being 
associated with oxidisable and biovailable 
fraction. Cr amount is negligible in 
exchangeable and carbonate bound fraction. 
The concentration of chromium in oxidisable  

fraction is highest in sample no.11 i.e. 
Kacharighat in downstream location and 
lowest sample no.2 i.e. in upstream location.  
It is evident from the results that major 
portions of the metals are bound in different 
forms with different strengths. Considering 
the percentage of metals extracted in the most 
labile fractions (F1+F2+F3+F4) the order of 
mobility (from most to least bioavailable) is 
Cu (84.0%) >Pb (80.3%) > Ni (52.4%) > Fe 
(44.6%) > Mn (44.1%) > Co (43.0%) > Cr 
(23.7%).21 
Risk assessment code 
The risk assessment code as applied to the 
present study reveals that 6.9-28.5% of Mn 
0.9-22.9% of Co-exist in exchangeable 
fraction and therefore comes under medium 
risk category. 0.2-4.2% of Ni and 0.6-7.4% 
comes under low risk category. 5.3-56.9% of 
Pb and 10.25-95.1% of Cu comes under very 
high risk category.22 
Statistical analysis  
Principal component analysis 
Metal associations and the factors controlling 
their variability have been described using 
Principal Component Analysis (PCA). Factor 
loading in PCA are shown in Table 1 and 
component 1(F1), component 2(F2), compo-
nent 3(F3) are plotted in 3D plot (Fig. 6). The 
first factor (F1) accounts for 29.9% of the 
total variance. In factor 1 dominant variable is 
Cu, Ni, Co, Cr indicate input of these metal is 
through anthropogenic source. The second 
factor (F2) accounts for 19.8% of the total 
variance. The dominant variable are sand and 
silt indicate sediment texture affect metal 
mobilisation. Negative loading of sand could 
be result from decreases loading or removal 
through flood. The third factor (F3) accounts 
for 16.3% of the total variance and dominant 
variable are Fe and clay.  The fourth factor 
(F4) accounts for 13.4% and only Mn as 
dominant variable. Both factor 3 and factor 4 
indicate that Fe and Mn act as scavenger of 
heavy metal in the river system. The fifth 
factor (F5) accounts for 12.7% and dominant 
variables are pH and organic matter. Positive 
loading of pH and negative loading of organic 
matter indicate increase or decrease in pH 
cause degradation of organic matter in 
sediment.  
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Table 1 :  Eigen value, variance and factor loading in the principal component analysis of 
the surface sediments 

 Component 
Parameters F1 F2 F3 F4 F5 

Fe 0.384 0.451 0.684 -0.16 0.032 
Mn 0.244 0.075 -0.091 0.915 0.069 
Cu 0.767 0.283 -0.403 0.155 -0.289 
Ni 0.924 0.126 0.116 0.096 0.077 
Pb 0.577 -0.155 -0.04 -0.667 0.211 
Co 0.907 -0.126 0.131 -0.052 0.103 
Cr 0.849 0.133 0.405 0.072 0.177 
pH 0.225 -0.321 0.11 0.175 0.871 
OM 0.048 -0.196 0.377 0.47 -0.753 
sand -0.071 -0.954 -0.137 -0.079 0.099 
silt 0.043 0.966 -0.188 0.069 -0.061 
clay 0.073 -0.157 0.953 0.022 -0.091 

Eigen value 3.59 2.37 1.95 1.61 1.53 
% of variance 29.9 19.8 16.3 13.4 12.7 
Cumulative % 29.9 49.7 65.9 79.3 91.1 

 
Fig. 6 : PCA loading 3-D plot (PC1 vs. PC2 vs. PC3)  3D plot for 12 components 

CONCLUSION 
The total metal concentration and fractionation 
of the heavy metals in the surface sediment of 
the Brahmaputra river in tweleve location were 
studied. Cu, Ni, Pb, Co concentration found to 
be high in downstream location and Fe, Mn, Cr 
found to be high in upstream location. 
Enrichment of metal in downstream location at 
Pandu and Kacharighat is due to discharge       
of    particle   from urban effluents and sewage.  

From PCA analysis, it is found that both 
natural and anthropogenic sources contributed 
to the metal contents. Distribution of metal is 
controlled by organic matter, grain size and 
scavenging effect of Fe-Mn oxide.  Sequential 
extraction of heavy metal in the sediments of 
the Brahmaputra river shows that majority of 
the metal is associated with residual fraction 
followed by reducible and oxidisable. 
Association   of   metal   with  residual fraction  
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indicate that input of metal is through geogenic 
source. The bioavailable fractions (exchang -
eable+carbonate bound) was found to be 
comparatively higher for Mn and Pb compared 
to other non residual fractions. This is 
extremely important because it represents the 
proportion of heavy metal that can be easily 
remobilized by changes in environmental 
conditions. The total content of heavy metals 
were less than average shale values but may 
increase in future if no measures are taken to 
check the anthropogenic contamination of river 
water. 
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