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ABSTRACT

The aim of this work was speciation of heavy metals on the level of the geochemical background; 
in bottom sediments of the Bagmati River in Kathmandu valley. The distribution and accumulation 
of heavy metals in the sediments of the Bagmati River were investigated. Sediment samples from 
six locations were collected and characterized for metals content (cadmium, lead, copper and 
zinc). The determination of extractable heavy metals such as, Cd, Pb, Cu and Zn, in the sediment 
samples was carried out by atomic absorption spectrometry. The study has been conducted using 
five steps squential extraction procedure described by tessier. Apart from total concentration, the 
distribution of the above metals into five fractions: exchangeable, bound to carbonates, bound 
to Fe-Mn oxides, bound to organic matter, and residual, was studied by means of an analytical 
procedure involving sequential chemical extraction. The result obtained showed total metal 
concentration to be in the range of Cd 0.89-2.29 mg/kg; Pb 57.58-221mg/kg; Cu 52.2 -198.17 mg/kg  
and 78.23-362.90 mg/kg in all the areas studied. The fractionated toxic metals like Cd, and Pb 
were observed to be in the range of 15-36%, and 11- 29%, respectively, in mobile or bio-available 
fractions of sediments. This potentially mobile fraction could pose a serious threat, with respect to 
contamination of waterways and aquatic environment.
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1. INTRODUCTION 

River sediments, derived as a result of 
weathering, are a major carrier of heavy metals 
in the aquatic environment, the physico-
chemical processes involved in their association 
being precipitation, adsorption and chelation 
(Hoda and Khaled, 2009). Besides the natural 
processes, metals may enter into the aquatic 
system due to anthropogenic factors such as 
mining operations, disposal of industrial wastes 
and applications of pesticides for pest. The 

concentration in sediments depends not only on 
anthropogenic and lithogenic sources but also 
upon the grain size, organic matter contents, 
mineralogical composition and depositional 
environment of the sediments (Trefry and 
Parsley 1976). The sediments at the bottom 
of the water column play a major role in the 
pollution of the river systems (Forstner, 1985). 
Pollution of heavy metals is a worldwide 
problem because the metals are in destructive 
and most of them have toxic effects on living 
organisms when metals exceed a certain 
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concentration (MacFarlane and Burchette 
2000, Pekey, 2006). The pollution of sediments 
is closely linked to contamination of water by 
domestic sewage, industrial effluents, urban 
diffuse load and agriculture (Hortellani etal. 
2008). Sediments have been widely used as 
environmental indicators, because they have 
great capacity to incorporate and accumulate 
contaminants (Filho et al. 2013). In a river 
ecosystem, sediment is a primary concern as 
related to several important issues including 
water quality, aquatic habitat and reservoir 
water-storage capacity (Juracek and Ziegler, 
2009). Sediment is an important source of heavy 
metal pollutants as they have a long residence 
time (Forstner and Wittmann, 1983). Sediment 
serves as a sink where contaminants can be 
stored and also act as a source of the pollutants 
to the overlying water and to the inhabitants of 
the ecosystem (aquatic organism). Therefore, it 
serves as the carrier and reservoir of the heavy 
metals and reflects the quality of the system 
(Chapman and Wang, 1999).  Metals that do 
not remain soluble in water, gets adsorbed and 
accumulated on bottom sediments acting as a 
sink (Hakanson 1980; Hongyi et al. 2009).  
Heavy metals are of high ecological significance 
since they are not removed from water as a 
result of self purification but accumulate in 
reservoirs and enter the food chain (Loska and 
Wiechula, 2003). The analysis of sediments 
carried by rivers is of prime importance as they 
provide insights into the physical denudation 
rates in the basin (Viers et al., 2009). Heavy 
metals are not permanently fixed on sediments 
and can be released back to the water column by 
changes in environmental conditions, such as 
pH, redox potential, and chelation in the aquatic 
environment (Forstner, 1987; Sutherland et al., 
2007). The mobility and bio-availability of 
heavy metal in the environment depends on 

their chemical forms or type of the binding of 
the element; this approach is very useful for 
site assessment and risk analysis (Howard and 
Shu, 1996). Thus, the chemical form of the 
metals in the sediment is of great significance 
in determining their remobilization potential 
(Lopez-Gonzales et al., 2006). 

Bioavailability and mobilization of 
heavy metals in aquatic environment does not 
describe by total metal concentration (Singh, 
2003; Zakir et al; 2008). The determination of 
the total concentration of the metals gives no 
information on their various forms (Tokalioglu, 
et al. 1999; Marengo et al. 2006). Therefore, 
sequential extraction techniques have been 
developed and applied to the aquatic sediment 
samples. The use of sequential extractions, 
although more time consuming, furnishes 
detailed information about the origin, mode 
of occurrence, biological and physicochemical 
availability, mobilization, and transport of trace 
metals.  Speciation is not only very useful for 
determining the degree of association of the 
metals in the sediments and to what extent 
they may be remobilized into the environment 
(Forstner et al., 1990), but also for distinguishing 
those metals with a lithogenic origin from those 
with an anthropogenic origin. Metals with an 
anthropogenic origin are mainly obtained in 
the first extractions, while in the last stage of 
the process the residual fraction is obtained, 
corresponding to metals with lithogenic origins 
(Rubio et al. 1991; Izquierdo et al. 1997).

 The Bagmati River is a major river in 
Nepal which originates in the central northern 
mountains and runs through urban areas of 
Kathmandu valley. The Bagmati river water 
has huge religious, cultural, economic and aes-
thetic values in this region. So, the river water 
has direct connection with health, environment 
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and ecology and development. Bagmati River 
inside the Kathmandu Valley has been heav-
ily polluted due to increasing rapid population 
growth; unplanned expansion of Kathmandu 
city and haphazard waste disposal into the river. 
The river is also used for discharging of untreat-
ed sewage and industrial effluents into them and 
the place for dumping of solid wastes and direct 
sewerage discharge into the river have been the 
major problem in the management of Bagmati 
River. So far many organizations are working to 
prevent pollution of Bagmati River but, condi-
tions remains as it is the same or even worse. 
The main objective of this study was to assess 
distribution and accumulation of heavy metals 

in the sediments of the Bagmati River in Kath-
mandu valley. Sediment samples from six loca-
tions were collected and characterized for met-
als content (Cd, Pb, Cu and Zn).

2. MATERIALS AND METHODS

2.1 Sediment sampling 

Samples of sediment were collected in March 
2011. A total 6 sampling sites for river bed 
sediment samples were collected in the Bagmati 
River, Nepal shown in figure 1. Bed sediment 
samples were collected in polyethylene bag 
using a stainless steel scooper where flow 
was low. Three random samples were taken 

Figure 1: Sampling sites of Bagmati River, Nepal.

Sadhana Pradhanang Kayastha



August 2015122

Journal of Hydrology and Meteorology, Vol. 9, No. 1 SOHAM-Nepal

from each site, which were homogenized and 
composite samples were stored in plastic bag 
with zip lock. The sediment samples were 
immediately sealed and stored at 4oC until 
reaching our laboratory. Sample name and 
sample sites were given in Table 1. 

Table 1:	 Sediment samples from 
	 Bagmati River

Sample name Site name Distance 
(Km)

B1 Gokarna 0
B2 Gaurighat 8
B3 Sankhamul 12
B4 Thapathali 14
B5 Teku 16
B6 Chovar 19

2.2 Analytical methods
The collected sediment samples were air-dried 
at 50°C for 12 hrs at the laboratory and sieved 
through a 2 mm- sieve to remove large debris, 
stones and pebbles. Sediments were then ground 
in a mechanical agate grinder until fine particles 
(<63 µm) were obtained. 

2.3 Metal extraction and analysis

In the extraction procedure by Tessier et al. 
(1979), the metals investigation was wide 
ranging, but four heavy metals (Cu, Zn, Cd and 
Pb) were analyzed in the sequential extraction 
(five steps). The extraction procedure was applied 
to all the samples by using sequential extraction 
methods. After each successive extraction the 
supernatant was separated by centrifuging 
at 7000rpm for 30 minutes. The supernatant 
obtained in each of the extractions were collected. 
The residue was washed with 10 ml milli-Q water 
followed by centrifugation for 1 hour before the 
next extraction. The extraction consisted of five 

main steps. The analysis procedure used in detail 
can be given as follows:

2.3.1 Exchangeable: One gram sediment 
sample was extracted at room temperature for 
one hour with 8 ml of 1M MgCl2 (pH 7.0) with 
continuous agitations.

2.3.2 Carbonate Bond (Acid extractable): 
Residue from step (1) was leached at room 
temperature with 8 ml of 1 M of sodium acetate 
(pH 5 adjusted with HOAc) with continuous 
agitation for five hours.

2.3.3 Bound to Fe-Mn Oxides (Reducible 
fraction): The residue obtained from step 2 
through continuous agitation at 96°C with 
20ml of 0.04M NH2OH.HCl (Hydroxylamine 
hydrochloride) in 25% v/v acetic acid for  
6 hours.

2.3.4 Bound to Organic Matter (Oxidizable 
fraction):  The residue obtained from step (3); 
3 ml of 0.02M HNO3 and 5 ml of 30% H2O2 was 
added and pH adjusted to pH 2 with HNO3. The 
solution was agitated at 96°C for 2 hours and 
3ml of 30% H2O2 (pH 2 with HNO3) was added 
and sample was again agitated for 3 hours. After 
cooling, 5 ml of 3.2 M ammonium acetate in 
20% (v/v) HNO3 was added. The sample was 
diluted to 20 ml and agitated continuously for 
30 minutes. The filtrate obtained in each step of 
the extraction was analyzed for heavy metals.

2.3.5 Residual: Residual obtained from step 4 
was digested with HF/HNO3/HClO4 mixture. 
100 mg of residue was taken in a Teflon beaker 
and 20 ml of acid mixture of HF, HNO3 and 
HClO4 (in the ratio 7:3:1) was added. The Teflon 
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beaker was placed in bomb digestion unit and 
heated 100°C for 2 hours. After cooling, volume 
was made up to 250 ml by adding milli-Q water. 

The total metal concentrations: Fresh one gm of 
sample was digested with HF, HNO3 and HClO4 
in the ratio of 7:3:1. 

2.4 Metal ion analysis 

Metal ion concentrations in different extracts 
were determined by Shimadzu Atomic 
Absorption spectrophotometer (model AA-
6000) using air-acetylene flame. The analytical 
results obtained were validated with spiked 
samples. Operational conditions were adjusted 
in accordance with the manufacturer’s 
guidelines to yield optimal determination. The 
percentage recovery of metals obtained by the 
summation of sequential fractions in relation to 
the total metal content extracted with aqua regia 

was computed. Three replicates were analyzed 
for each samples for metals and instruments 
were recalibrated every 10 samples throughout 
the study. Instruments were calibrated to ensure 
that instrument measurements do not drift.

3. RESULTS AND DISCUSSION

Metal concentration in the Bagmati River has 
been assessed for Cd, Pb, Cu and Zn. The 
fractionation of trace metals in sediments are 
based on sequential extraction procedures. In the 
present study, sequential extraction procedure 
as proposed by Tessier et al. (1979) has been 
used to obtain the following five fractions: 
(1) exchangeable; (2) bound to carbonate;  
(3) bound to Fe-Mn oxide (reducible phases); 
(4) bound to organic matter and sulfides; and  
(5) residual. The concentrations in percent 
(%) of the heavy metals determined at each 

Figure 2 : Metal fraction in sediments of the Bagmati River (Exchangeable, carbonate, Fe-Mn oxide, organic and residual)
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extraction step in the sediment samples are 
given in Fig. 2.

The total concentration of Cd was varied 
from 0.89 mg/kg to 2.29 mg/kg. The highest 
concentration (2.29 mg/kg) was found at site B5 
(Teku). The fractionation for cadmium indicates 
that it is mostly bound to exchangeable, 
carbonate fraction (Figure 2). About 36.0%, 
31% and 29% of the total Cd is associated with 
exchangeable fraction at site 4 (Thapathali), site 
5 (Teku) and site 3 (Sankhamul), respectively.  
This fraction has special importance due to 
the high mobility of heavy metals from this 
fraction to the aqueous phase (Jaradat et al. 
2006).Significant amounts of Cd were found in 
carbonate fraction which can create very high 
risk to aquatic environment. The highest amount 
found at the sites B3, B4 and B5 in figure 2 
and the rest of Cd was found as Fe–Mn oxide 
fraction and reducible fraction and residual 
fractions. These results are in agreement with 
many previous observations (Li et al. 2001; 
Li and Thornton, 2001). The most important 
reason of Cd pollution at the sites (B1, B2 and 
B3) was mixing of untreated domestic and 
industrial wastewater, dumping of garbage 
directly, and heavy density of the traffic which 
have hazardous environmental impact. Once 
Cd has been incorporated into sediment, it does 
not re-dissolve in neutral or alkaline conditions, 
largely because in the anoxic conditions in the 
sediment cadmium sulphide is formed, which is 
insoluble (Dojlido and Best 1993).

The total concentration of lead was found to be 
57.58 to 221 mg/kg. The highest concentration 
was found at site (B4) Thapathali. Lead was 
mostly concentrated to residual fraction (inert 
forms), although it was present in other fractions 
(Fig.2). The high residual fraction may be due 
to the precipitation of Pb as stable compounds. 

A significant amount of Pb was found to be 
associated with exchangeable, carbonate and 
Fe-Mn oxides fraction which may cause risk 
to aquatic life. The higher concentration of Pb 
values 29%, 26%, 27% and 26% was observed 
at the exchangeable fraction at sites B2, B3, B4 
and B5, respectively (Fig. 2) and third stage 
(Fe-Mn oxide) of the extraction procedure (B3, 
and B4) was found  higher concentration of Pb 
(42% and 34% ). A significant amount of the lead 
was found to be associated with exchangeable 
and bound to carbonate fractions and may pose 
risk to aquatic life. The association of lead with 
exchangeable fraction indicates dominance of 
anthropogenic sources through domestic wastes 
and municipal sewage and traffic-related Pb 
emissions. Remos et al. (1994) and Jha et al. 
(1990) also reported that lead is mostly present 
in Fe–Mn oxide fraction in sediments of River 
Yamuna at Delhi. The chemical partitioning of 
sediment Pb was strongly dominated by Fe-
Mn oxide and residual fractions. It was found 
that anthropogenic Pb was strongly associated 
with exchangeable, Fe-Mn oxide and organic/
sulphide fractions in the sediments. The Fe–Mn 
oxide and the organic matter have a scavenging 
effect and may provide a sink for heavy metals. 
The release of the metals from the matrix is 
most likely to be affected by the redox potential 
and pH (Jain et al. 2007). 

The total concentration of Cu varied from 
54.20 mg/kg to 198.17 mg/kg. The highest 
concentration was found at site B3. Copper 
showed a homogeneous distribution in all 
samples. A number of earlier studies on polluted 
sediments, extractable Cu is mainly associated 
with organic matter (oxidizable phase), where 
it is likely to occur as organically complexed 
metal species (Yu et al.2001, Marin et al. 1997). 
The Cu bound to the residual fraction in the 
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sediments ranged from 27% to 53% of total. The 
next important phase in the sediment samples 
was the organic fraction (21 – 51.0%).  The 
major portion is bound to organic matter at most 
of the sites probably due to Cu has high affinity 
towards organic matter and chemically very 
active in complexing such metals (Pempkowiak 
et al. 1999; Jain, 2007). A large portion of Cu 
percentage of copper is also found in reducible 
fraction (Fe–Mn oxide). 

The total concentration of Zn varied from 
78.23 mg/kg to 362.90 mg/kg in the sediment 
of Bagmati River. Zinc was found mainly in 
the residual fraction, although its significant 
amount was in the fraction bound to hydrated 
iron and manganese oxides. Zn concentration 
varied from 21% to 39% in Fe-Mn oxide 
fraction and highest percentage (%) was found 
at site B4 (Fig2). These findings are close 
to results found by other researchers. The 
predominant association of Zn with the Fe –
Mn oxides (reducible fraction) of sediment has 
been widely recognized (Kuo et al.1983; Yu et 
al. 2001; Tsai et al.  2003), showing that the Zn 
adsorption onto these oxides has high stability 
constants.

4. CONCLUSION 

The present study examined the distribution of 
heavy metals in the sediments of the Bagmati 
River, Nepal. By studying the distribution of 
the metals between the different phases, their 
bioavailability and toxicity can be determined. 

The results obtained in this study showed 
that sediments of the Bagmati River in the 
urban areas is heavily polluted with untreated 
municipal wastewaters and industrial effluents 
and heavy traffic that act as an important factor 
contributing to the river pollution. The high 

proportions of potentially bio-available form 
(exchangeable) of toxic metals like Cd 36%, 
31% and 29% and Pb 29%, 26%, and 27% in 
the urban area of the Bagmati River sediment. 
This potentially bio-available fraction could 
pose a serious risk to aquatic life and therefore 
can easily enter the food chain. The association 
of Cd and Pb with exchangeable fraction 
indicates dominance of anthropogenic sources 
through domestic wastes and municipal sewage 
and traffic-related Pb emissions. The higher 
concentration of Pb (42% and 34%) was found 
to be in the third stage (Fe-Mn oxide) of the 
extraction at the sites B3, and B4. The Fe–Mn 
oxide and the organic matter have a scavenging 
effect and may provide a sink for heavy metals. 
The release of the metals from the matrix is 
most likely to be affected by the redox potential 
and pH. Sediments are ecologically important 
components of the aquatic habitat and are also a 
reservoir of pollutants. Speciation pattern of Cu 
and Zn in the Bagmati River shows only low to 
medium risk for the aquatic environment. Heavy 
metal pollution is of great concern because of 
their toxicity threatens to human health and the 
ecosystem. It is therefore recommended that, 
this river should be put under surveillance since 
it is one of the major sources of fresh water in 
this area.
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