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Abstract Sediments and surface water contamination by
the industrial effluents containing heavy metals is the most
detrimental environmental impact. Therefore, the present
work attempts to determine the status of eight heavy metal
distribution in sediments and water samples, and their
ecological risks’ assessment in the studied area. The dis-
tribution pattern of heavy metals in the water and sediment
follows the sequences: Zn > Cu > Pb > Cr > Mn > Ni >
As>Cd and Mn >Zn>Cr>Pb>Cu>Ni>As>
Cd, respectively. Gross water pollution is observed at dif-
ferent sampling points of Dhalai Beel and Bangshi River.
The comparison of sedimentary mean metal concentrations
with several environmental contamination monitoring
parameters, viz, threshold effect level (TEL), probable
effect level (PEL), and severe effect lever (SEL) indicates
that the metal levels are less than PEL except Cr. More-
over, the level of contamination degree (C4) and modified
degree of contamination (mCy) indicates ‘low’ and ‘nil to
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low’ degree of contamination, respectively. Pollution load
indices (PLI) of the studied area are lower than unity,
indicates no pollution. Furthermore, a toxic-response factor
is applied to assess the potential ecological risk of these
heavy metals into the water body. The results of this study
exhibit a low potential ecological risk of heavy metals. The
Pearson’s correlation and cluster analysis are also per-
formed to assess the heavy metal interactions in water and
sediment samples.

Keywords Heavy metals - Water - Sediment -
Degree of contamination - Ecological risk assessment

Introduction

The pollution of natural environment by heavy metals is
recently a topic of much discussion; and the issue of heavy
metal pollution in water and sediment of lakes and rivers
has received much more attention from many environ-
mental researchers over the past few decades. Due to
industrial development as well as increasing usage of
industrial products, everyday a huge amount of industrial
wastages discharge into low lands and water bodies without
proper treatment. As a consequence, it is assumed that the
equilibrium balance between the metals in sediment/soils
and ground water or surface water is disturbed (Klavins
et al. 2000; Yu et al. 2001) that might be a reason to
increase water contamination.

Sediments usually provide useful information for envi-
ronmental and geochemical pollution status (Uluturhan et al.
2011). Depending on hydrodynamics and environmental
conditions, heavy metals tend to adsorb from water column
onto surfaces of fine particles and usually move thereafter
with the sediments, and can affect the benthic organisms

@ Springer



2294

Environ Earth Sci (2014) 71:2293-2308

and food chain if toxic levels are reached, resulting in health
risk (Lourifio-Cabana et al. 2011; Saha and Zaman 2013).
Throughout the hydrological cycle, far less than 1 % of
pollutants remain dissolved in water whereas over 99 % are
stored in sediment (Filgueiras et al. 2004). Therefore, sedi-
ment represents one of the ultimate sinks for heavy metals
discharged into the aquatic environment (Luoma and Bryan
1981; Joksimovic et al. 2011). Contaminants are not nec-
essarily fixed permanently by the sediments, and under
changing environmental conditions, they may be released to
the water column by various processes of remobilization.
Thus, in aquatic systems, sediments may be both a carrier
and possible source of pollutants (Forstner 1989).

River water has been used as drinking water and irri-
gation water for agriculture and for fish culture. Rivers are
also important in soil fertility maintenance, transportation,
forest resources development, and wildlife conservations.
However, most of the rivers in the urban areas of the
developing world are at the end point of industrial effluents
(Phiri et al. 2005). It is therefore, necessary to conduct a
comprehensive river water quality monitoring program to
safeguard public health and to protect the valuable fresh
water resources (Kannel et al. 2007).

In order to create productive employment opportunity,
poverty eradication, gender equality and rapid economic
growth, the Government of Bangladesh decided to set up
the Dhaka Export Processing Zone (DEPZ) at Ganakbari in
Savar of Dhaka district in 1993. Another DEPZ was also
established at the opposite side of the first DEPZ. Due to
very cheap local work force and somewhat relaxed envi-
ronmental and tariff regulations, foreign and local investors
are being attracted heavily to set up manufacturing units for
exportable commodities. It has been reported that DEPZ
accommodates about 300 industries including textile,
dyeing, plastic, metal fabrications, semiconductor goods,
lather tanning and so on. Everyday a huge amount of heavy
metals containing effluents produced by these industries of
DEPZ are being released without proper treatment into the
Dhalai Beel (a natural low land cum lake) and then carry
away into the Bangshi River, which brings big concern for
the aquatic environment. Moreover, local farmers are fre-
quently using water from Dhalai Beel and Bangshi River
for irrigation purposes and for fishing. However, no
detailed study has so far been conducted in this area
especially on ecological risk assessment for heavy metal
contamination. Therefore, the present investigation is
aimed to study the physicochemical properties (i.e., pH,
EC, TSS, DO, BOD, COD, and Chloride) of water sample,
and the levels of metals (Pb, Cd, Ni, Cr, Cu, Zn, Mn, and
As) in water and sediment samples of Dhalai Beel and
Bangshi River, primarily to generate data on seasonal
variations and secondly to evaluate the degree of contam-
ination and potential ecological risk in the study area.
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Materials and methods
Description of site

The present study area, Dhalai Beel (a natural low land
cum lake) and Bangshi River, under Savar police station
(23°5' N and 90°15’ E) is located 30 km north of Dhaka
City, capital of Bangladesh (Fig. 1a). The area is rich in
industrial establishments like textile, dyeing, and apparel
industries. Two export processing zones (EPZ) were
established in this area on 533 acres with 586 plots (DEPZ
2000). The effluents from DEPZ are discharged into the
adjacent Dhalai Beel on the western side of DEPZ. During
the dry season, the effluents of the industries are deposited
on the Dhalai Beel while in the rainy season, the land is
overflowed and the toxic constituents of the effluents are
carried away to the nearby villages and other water bodies
including Bangshi River which is 2.5 km far away from
Dhalai Beel.

Sampling

Water samples from Dhalai Beel were collected from four
pre-determined sampling spots (Fig. 1b) during the pre-
monsoon and post-monsoon. The Bangshi River water
samples were collected from the five sampling spots; those
were 500 m away from each other. Water samples were
collected in pre-cleaned plastic bottles following filtering
through Whatman No. 541 filter paper and kept in a
refrigerator at 4 °C with addition of 2 mg/L. HNO; before
laboratory analysis (Mastoi et al. 1997).

Sediment samples from the surface bed of Dhalai Beel
and Bangshi River were collected with a stainless steel
Ekman grab sampler, which allows free water through the
sampler during descent penetration. The sampler was
inspected for possible cross contamination (i.e., sediment
from the previous sampling spot) and cleaned with ambient
water for individual sample collection. The sediment
samples were collected from the same sampling spots,
which were previously indicated for water sampling. The
sediment samples were firstly air dried for several days
over Pyrex petri Dishes and then samples were dried in an
oven at 105 °C in analytical chemistry laboratory, NRCD,
Institute of Nuclear Science and Technology, Bangladesh.
The dried samples were ground and screened through a
2-mm sieve to obtain a homogenous powder. The powder
samples were stored in airtight plastic vials inside a des-
iccator for further physical and chemical analysis.

Sample coding and numbering

DB, to DB, = four sampling spots in Dhalai Beel for both
water and sediment samples, ~500, ~700, ~900, and
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Fig. 1 Study area a location of the study area (Dhamsona Union, Savar Thana, Dhaka, Bangladesh) and b sampling points in the study area

~ 1,000 m, respectively, away from the effluent discharg-
ing point of DEPZ. The Bangshi River water and sediment
samples were collected from the five sampling points (BR,
to BRs), which were 500 m away from one sampling point
to another point.

Analytical procedure and analysis

Temperature, pH, conductivity, and total dissolved solid
(TDS) in water samples of Dhalai Beel and Bangshi River
were measured on the sites using portable mercury ther-
mometer, pH meter (Hanna Instruments, HI 98106, Por-
tugal), conductivity meter (Lutron-Model CD 4301,
England), and TDS meter (Hanna Model HI 9635),
respectively. Dissolved oxygen (DO) was measured iodo-
metrically on site using the azide modification of Winkler’s
method as recommended by American Public Health
Association (APHA 1999). Biochemical oxygen demand
(BODs) by Winkler’s method, chemical oxygen demand
(COD), total suspended solid (TSS), and chloride concen-
tration were determined in the laboratory using standard
water analysis methods (APHA 1999).

Accurately weighed amount (0.25 g) of each dried
sediment sample was taken into a clean Pyrex test tube
(12 x 2 cm) and digested with 1.0 mL 70 % HCIO,4, 4 mL
concentration HNOj3 at 150 °C in an oil bath. The solution
was diluted with deionized water and filtered quantitatively
(Whatman No. 541) in a 50-mL volumetric flask. One
blank and one standard reference material (SRM) were
digested in a similar manner for quality control and accu-
racy check. Determination of heavy metals (Pb, Cd, Ni, Cr,
Cu, Zn, Mn, and As) in all samples (water and sediments)
were carried out by atomic absorption spectrophotometer
(Model AA-6800, Shimadzu Corporation, Japan) using air-
acetylene flame with digital read out system in the Nuclear
Analytical Chemistry Laboratory, NRCD, Institute of
Nuclear Science and Technology, Gonakbari, Savar.

All samples were collected and analyzed in triplicate
and the average results were used to represent the data.
Statistical software, IBM SPSS 15.0 for Windows (IBM,
USA), was used for hierarchical cluster analysis, and for
correlation matrix of heavy metals in water and sediments.
Other calculations were performed by Microsoft Excel
2010.
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The accuracy of the analysis was verified by analyzing
blanks and certified reference materials by the same
procedure used for the samples. For the analysis of water,
certified SLEW-2 estuarine water from the National
Research Council of Canada was tested. For sediments,
SRM, SL-1 (Lake Sediment) from International Atomic
Energy Agency (IAEA) was used. All the samples were
measured at least two times to assess the reproducibility
of the measurement. Samples were reanalyzed if the rel-
ative standard deviation of the measurement exceeded
10 %.

Results and discussion

The results presented in this study comprise an attempt to
report the seasonal variations and degree of heavy metal
contamination (Pb, Cd, Ni, Cr, Cu, Zn, Mn, and As) in
water and sediment samples collected from Dhalai Beel
and Bangshi River, Savar, Bangladesh.

Heavy metals in water

The concentration variation of different heavy metals in
the surface water of Dhalai Beel and Bangshi River in the
pre-monsoon and post-monsoon is summarized in Table 1;
and the examined metal contents are compared with recent
past findings from other water bodies around the world
(Table 2). Almost in all sampling spots of Dhalai Beel and
Bangshi River, the higher lead (Pb) concentration was
found in the post-monsoon and lower value was found
during the pre-monsoon. This may be due to the flushing
of the metal from rather immobilized deposits like
domestic and industrial sludge in rainy season. Pb con-
centration (ranging from 0.173 to 0.680 mg/L) of the
present observation was much higher than that of the
recommended value (0.01 mg/L), set by WHO (1993). It
was apprehended from the observation that high level of
Pb in the river water was indicative of the fact that the
source of higher Pb content was not only the industrial
effluents but also some other outlets. Long-term accumu-
lation of Pb from motor vehicles emission might be one of
the major sources of higher Pb content in the water. From
the observation, it would mean that the water in Bangshi
River was not safe for any use by the humans as well for
the safe growth of aquatic organisms in terms of its Pb
content. The maximum cadmium (Cd) concentration was
found in Bangshi River in post-monsoon. It might be
happened due to flushing of the metal from immobilized
deposits. The main source of Cd in wastewaters is the
discharging of waste streams from various industrial pro-
cesses, such as metallurgical alloys, ceramics, metal
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plating, photograph, pigment works, and textile printing
industries (Rahman and Islam 2010). The operation of
some tannery industries located by the bank of Bangshi
River may also contribute to increase Cd concentration in
the river water. Cd concentration in Dhalai Beel and
Bangshi  River  water was  0.005-0.008 and
0.006-0.010 mg/L in the pre-monsoon and post-monsoon,
respectively. The maximum permitted concentration of Cd
in drinking water is 0.003 mg/L, set by WHO (1993). Cd
concentration in water samples of Dhalai Beel and
Bangshi River was higher than the above-recommended
value. The maximum nickel (Ni) concentration was found
in Dhalai Beel water in post-monsoon. Ni concentrations
(ranging from 0.058 to 0.130 mg/L) in all sampling points
were above the WHO recommended value (0.02 mg/L) for
drinking water (WHO 1993). However, the Bangshi River
water showed the maximum chromium (Cr) concentration
in post-monsoon (0.157 mg/L) and the minimum was
found in Dhalai Beel water in pre-monsoon (0.043 mg/L).
EPC (1980) reported that most of the tannery industries
used “Chrome tanning method” and the waste discharged
by this method exerts toxicity to the fish and aquatic life.
From the literature survey, it is noticed that some tannery
industries are established along the bank of Bangshi River.
Therefore, the data finding from this study has been sug-
gested that the tannery wastes and dying effluents might
be the principal source of Cr contamination in the study
area. The recommended maximum concentration of Cr for
drinking water is 0.05 mg/L set by WHO (1993). It was
apparent (Table 1) that Cr concentration of the present
investigation was higher than the recommended value. The
concentration of Copper (Cu) in water samples of Dhalai
Beel and Bangshi River ranged from 0.65 to 1.24 mg/L in
pre-monsoon and 0.78 to 1.46 mg/L in post-monsoon,
respectively. Regarding seasonal variation of Cu concen-
tration in the water way from Dhalai Beel to Bangshi
River, it was observed that in all sampling spots the
maximum concentration of Cu was found in post-monsoon
and minimum was found in pre-monsoon. Cu content of
Dhalai Beel water samples was higher than the Bangshi
River water. This is an indication of the fact that the
presence of Cu in studied water system originates mostly
from the DEPZ effluents. Cu enters in aquatic environment
through industrial effluents and also from river run off,
domestic waters, etc. (Rahman and Islam 2009). The
observed values of Cu were lower than the permissible
concentration of 2 mg/L, prescribed by WHO (1993). Zinc
(Zn) concentration was found from 2.19 to 4.17 mg/L in
pre-monsoon and 2.13 to 4.02 mg/L in post-monsoon.
WHO (1993) recommended guideline value of Zn in
drinking water is 3 mg/L. Zn concentration in almost all
sampling stations were higher than the WHO’s recom-
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mended level. Manganese (Mn) concentration varied from
0.063 to 0.124 and 0.059 to 0.117 mg/L in pre-monsoon
and post-monsoon accordingly. The concentration of Mn
in Dhalai Beel water was slightly higher than the water
samples of Bangshi River due to discharge of the DEPZ’s
effluents. The maximum permissible limit of Mn con-
centration in drinking water is 0.5 mg/L, set by WHO
(1993). Mn concentration of potable water quality for
Bangladesh is 0.1 mg/L, set by BCAS (1998). In the
present study, Mn level was in line of the BCAS standard
and lower than the WHO prescribed value. In nine sam-
pling spots, As concentration ranged from 0.009 to
0.039 mg/L.. The maximum arsenic concentration for
potable water quality standard is 0.05 mg/L, set by BCAS
(1998); and the drinking water standard is 0.01 mg/L, set
by both WHO (1993) and USEPA (1996). The arsenic
concentration for this study was higher than the value set
by WHO and USEPA, except the sampling point of
W-BR5 (post-monsoon) and lowers than the BCAS rec-
ommended value.

Heavy metals in sediment

The variation of different heavy metals in sediment from
Dhalai Beel and Bangshi River at Savar, Dhaka, Bangla-
desh is represented in Table 3. The analysis of the data
depicted an order of heavy metal accumulation in sediment
that was Mn > Zn > Cr > Pb > Cu > Ni > As > Cd. The
data indicated that Mn was maximally accumulated in the
sediments whereas Cd got least concentrated. The heavy
metal concentrations were compared with threshold effect
level (TEL) that represents the concentration below which
adverse effects are expected to occur only rarely, probable
effect level (PEL) representing the concentration above
which adverse effects are expected to occur frequently and
severe effect level (SEL) that signifies chronic, long-term
impacts of contamination to benthic organisms (Table 4).
The mean metals concentration obtained from the sediment
samples did not exceed the PEL except Cr which exceeded
severe effect level (SEL) in some sampling points. Com-
parisons of heavy metal concentration with the observed
values by different authors around the world are listed in
Table 4.

Water quality parameters

The physicochemical parameters such as temperature, pH,
EC, TSS, DO, BOD, COD, and chloride at various sam-
pling points of Dhalai Beel and Bangshi River water during
the pre-monsoon and post-monsoon seasons are shown in
Table 1. Water temperature showed higher values during
pre-monsoon (28 to 29 °C) and lower values in the post-

monsoon season (22 to 26 °C). In pre-monsoon the average
pH value in Dhalai Beel water was rather higher than
Bangshi River water due to stagnant of water in Dhalai
Beel. High pH of waters during pre-monsoon could be due
to the increased photosynthetic assimilation of dissolved
inorganic carbon by plankton. A similar effect could also
be produced by water evaporation through the loss of half
bound CO, and precipitation of mono-carbonate (Khan and
Chowdhury 1994). The maximum permissible value for pH
in industrial water, fishing water, and drinking water were
6.0-9.5, 6.5-8.5, and 6.5-8.5, respectively, set by EQS
(1991) for Bangladesh. From our observation, it was seen
that the average pH values of Bangshi River water were in
line with the permissible limit of EQS. The electrical
conductivity (EC) values ranged between 0.93 and
2.51 mS/cm. The high level of EC was due to significant
amount of dissolved salt in the water under study. High
conductivity in the pre-monsoon represents water with high
electrolyte concentration due to evaporation of water. The
average EC value (1.59 mS/cm) was in line of the WHO
(2004) guidelines of 1.5 mS/cm for drinking water. Textile
and dyeing industries release a lot of suspended solid
waste. TSS measurements ranged between 51.55 and
115.24 mg/L. In Bangladesh there is no reliable data on
permissible limit of TSS for fishing water, and no health-
based guideline value is proposed. However, Hossain et al.
(1988) reported that the concentration of suspended solids
found to be well above the recommended levels in all rivers
of Bangladesh. Therefore, the presence of high levels of
TSS in water may be objectionable for aquatic environ-
ment. TDS comprise of inorganic salts and small amounts
of organic matter that are dissolved in water. TDS values at
various sampling points ranged between 880 and
1,340 mg/L. From the present observation, it was shown
that the TDS values in Dhalai Beel water were much higher
than that of Bangshi River water. However, all the TDS
values were above the fresh water standard and the
drinking water standard, set by WHO (1993). The disso-
Iution of low molecular weight organic bases originated
from dye industries may results in the higher TDS value of
the samples. The measurement of DO gives a ready
assessment of purity of water. Low DO values in the pre-
monsoon might to due to higher microbial activities.
Decomposition of organic matter might be an important
factor in consumption of DO, as more vigorous deposition
could be likely during warm weather. Dry period also
decrease flow which reduces the amount of oxygen churned
into the water. The higher concentration of DO in the post-
monsoon might be occurring due to circulation and mixing
of oxygen by inflow of water after monsoon rains.
According to EQS (1991), the maximum admissible level
of DO for drinking water, fishing water, industrial water,
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Table 5 Contamination factors (C{) degree of contamination (Cy), modified degree of contamination (mCy) and pollution load index (PLI) of

heavy metals in sediments from Dhalai Beel and Bangshi River

Sample ID Season Contamination factors Degree of Contamination Modified degree  Pollution
contamination level of contamination load index
Pb Cd Ni Cr Cu Zn Mn As
DB, Pre-M 096 048 050 0.76 1.03 094 055 0.17 5.39 Low 0.67 0.60
Post-M 1.02 0.64 0.74 1.02 0.78 1.00 0.57 0.15 591 Low 0.74 0.65
DB, Pre-M 080 0.84 030 0.64 0.64 053 0.69 0.12 457 Low 0.57 0.50
PostM 096 0.57 040 048 0.59 0.55 061 0.17 433 Low 0.54 0.49
DB; Pre-M 093 0.62 056 1.15 0.83 0.56 049 0.14 5.28 Low 0.66 0.57
Post-M 1.06 042 034 124 062 0.68 0.70 0.09 5.15 Low 0.64 0.52
DB, Pre-M 0.77 033 043 0.88 0.56 0.81 059 0.12 450 Low 0.56 0.49
Post-M 0.85 0.37 053 093 038 0.62 0.60 0.21 4.49 Low 0.56 0.51
BR, Pre-M 0.61 039 032 143 0.61 0.73 0.62 020 490 Low 0.61 0.53
Post-M 0.54 0.81 045 1.15 047 0.68 0.56 0.15 4.79 Low 0.60 0.53
BR, Pre-M 0.86 092 0.12 139 052 0.79 0.65 0.19 545 Low 0.68 0.53
Post-M 0.83 0.78 0.19 098 0.37 0.50 044 0.13 4.21 Low 0.53 0.43
BR; Pre-M 1.24 045 0.18 1.10 036 045 0.51 0.05 4.34 Low 0.54 0.38
Post-M 1.06 093 025 134 0.66 0.52 0.60 0.09 545 Low 0.68 0.53
BRy Pre-M  0.65 0.62 028 146 0.52 0.67 053 0.09 4383 Low 0.60 0.48
Post-M 095 0.64 044 1.04 0.82 0.75 055 0.04 523 Low 0.65 0.50
BRs Pre-M  0.59 0.65 046 130 0.63 0.72 046 0.08 4.88 Low 0.61 0.50
Post-M 0.75 047 030 1.52 0.78 0.56 050 0.12 5.00 Low 0.63 0.50
Mean 0.86 0.61 038 1.10 0.62 0.67 0.57 0.13 493 Low 0.62 0.51

Bold values indicate moderate contamination factor

and irrigation water were 6, 4.6, 5 and 5, respectively. DO
values (2.71-4.43 mg/L) at all locations in Dhalai Beel and
Bangshi River were less than that of good quality water. It
was reported that reduced DO below 3 mg/L delays
hatching of fish eggs, interferes with growth rate, and also
decreases tolerance to certain toxicants (Cairns and Scheier
1957). The BOD and COD are widely used for determining
waste concentration, and applied primarily to pollutant
mixture such as domestic sewage, agricultural and indus-
trial waste. The BOD and COD measurements were
42.77-103.97 and 17-215 mg/L, respectively. The rec-
ommended BOD and COD values for drinking water are 6
and 10 mg/L, respectively (WHO 2004). The high BOD
and COD values at Dhalai Beel and Bangshi River water
may be accounted for the effluents from the DEPZ as well
as effluents from domestic sewage. From this investigation,
the highest concentration (446 mg/L) of chloride was
recorded for the pre-monsoon in Dhalai Beel while the
Bangshi River had the lowest concentration (147 mg/L) in
post-monsoon. Chloride concentration in good quality
water is less than 250 mg/L (WHO 1993). Therefore, it is
hypothesized that Dhalai Beel water considered to be a risk
for aquatic organism and human health, and might be
caused unpleasant taste of water.

@ Springer

Contamination degree of heavy metals

The contamination factor is obtained from a ratio between
the measured concentration of the heavy metals in sedi-
ment of the water body and the pre-industrial reference
value for the same metal (Hakanson 1980). The degree of
contamination is defined as the sum of all contamination
factors.

The computing equation for contamination factor (C;)
and the degree of contamination (Cy) are as follows:

ci=c/ch (1)
Ca=Y_Ci (2)
i=1

where C' is the measured concentration of the heavy metals
in sediment and C! is the standard pre-industrial reference
level (in mg/kg): 70 for Pb, 1.0 for Cd, 90 for Cr, 50 for Cu,
175 for Zn, 15.0 for As, 68 for Ni, 850 for Mn (Hakanson
1980; Turekin and Wedepohl 1961). In the present study,
values of contamination factor (C}) existed in the order
of Cr>Pb>7n>Cu>Cd>Mn>Ni>As in the
Dhalai Beel and Bangshi River sediment (Table 5). The
contamination factor and degree of contamination were
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classified into four groups by Hakanson (1980). Values of
the contamination factor are characterized as follows:
Ci<1,1< Cl<3,3< Cl<6, andCi >6 indicate low,
moderate, considerable, and very high contamination fac-
tor, respectively. The degree of contamination defines the
quality of the environment in the following way:
Cq <8,8< Cq <16,16< Cq <32, and Cq > 32 indicate
low, moderate, considerable, and very high degree of
contamination accordingly. The (C}) of Cr were viewed to
be moderately contaminated in some sampling sites fol-
lowed by Pb. But values of other metals were of low level.
However, low degree of contamination (Cyg < 8) was
indicated in all sampling points (Table 5).

Modified degree of contamination (mC,) and pollution
load index (PLI)

The modified degree of contamination is defined as the sum
of all contamination factors (C’f) derived from a set of
contaminants divided by the number (n) of analyzed con-

taminants. The generalized form of mCy can be expressed
as follows (Abrahim and Parker 2008):

a
Cy=E . 3
mCy =~ (3)

Terminology used to describe the mCy as suggested by
Abrahim and Parker (2008): mCyg<1.5,1.5<mCy <
2,2<mCy<4,4 <mCy< 8,8<mCy<16,16<mCy <
32, and mCy > 32 indicate nil to very low, low, moderate,
high, very high, extremely high, and ultra high degree of
contamination, respectively. This study demonstrated ‘nil
to very low’ degree of sediment contamination with respect
to the analyzed eight heavy metals (Table 5).

The extents of pollution by the heavy metals were
assessed by employing the method based on pollution load
index (PLI) developed by Tomlinson et al. (1980) and the
expression is shown below:

PLI= (Cy; x Cp X Cgz X -+ x Cpn)'/" (4)

where, n is the number of metals (» = 8 in this study) and
C¢ is the contamination factor. PLI provides a simple,
comparative means for assessing a site or estuarine quality:
a value of zero indicates perfection, a value of one indi-
cates only baseline levels of pollutants present and values

Table 6 Potential ecological risk factors (E‘,) and potential ecological risk indexes (RI) of heavy metals in sediments from Dhalai Beel and

Bangshi River

Sample ID Season Potential ecological risk factors Risk index Pollution degree
Pb Cd Ni Cr Cu Zn Mn As
DB, Pre-M 4.80 14.40 2.50 1.52 5.15 0.94 0.55 1.70 31.56 Low
Post-M 5.10 19.20 3.70 2.04 3.90 1 0.57 1.50 37.01 Low
DB, Pre-M 4.00 25.20 1.50 1.28 3.20 0.53 0.69 1.20 37.6 Low
Post-M 4.80 17.10 2.00 0.96 2.95 0.55 0.61 1.70 30.67 Low
DB; Pre-M 4.65 18.60 2.80 2.30 4.15 0.56 0.49 1.40 34.95 Low
Post-M 5.30 12.60 1.70 2.48 3.10 0.68 0.70 0.90 27.46 Low
DB, Pre-M 3.85 9.90 2.15 1.76 2.80 0.81 0.59 1.20 23.06 Low
Post-M 4.25 11.10 2.65 1.86 1.90 0.62 0.60 2.10 25.08 Low
BR; Pre-M 3.05 11.70 1.60 2.86 3.05 0.73 0.62 2.00 25.61 Low
Post-M 2.70 24.30 2.25 2.30 2.35 0.68 0.56 1.50 36.64 Low
BR, Pre-M 4.30 27.60 0.60 2.78 2.60 0.79 0.65 1.90 41.22 Low
Post-M 4.15 23.40 0.95 1.96 1.85 0.5 0.44 1.30 34.55 Low
BR; Pre-M 6.20 13.50 0.90 2.20 1.80 0.45 0.51 0.50 26.06 Low
Post-M 5.30 27.90 1.25 2.68 3.30 0.52 0.60 0.90 42.45 Low
BR, Pre-M 3.25 18.60 1.40 2.92 2.60 0.67 0.53 0.90 30.87 Low
Post-M 4.75 19.20 2.20 2.08 4.10 0.75 0.55 0.40 34.03 Low
BR; Pre-M 2.95 19.50 2.30 2.60 3.15 0.72 0.46 0.80 32.48 Low
Post-M 3.75 14.10 1.50 3.04 3.90 0.56 0.50 1.20 28.55 Low
Mean 4.29 18.22 1.89 2.20 3.10 0.67 0.57 1.28 32.21
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Cd Ni Cr Cu Zn Mn As Temp pH EC TSS TDS DO BOD COD Chloride

Pb

Table 7 Pearson correlation matrix of heavy metals and water quality parameters of water samples

Pb
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1

—0.067

0.205

Cd

1

—0.233

0.708""
—0.206

Ni

1

—0.123
—0.292
—0.122
—0.284
—0.325
—0.447
—0.364
—0.282
—0.336

0.290
—0.154
—0.083
—0.162
—0.315
—0.436

Cr

1

0.856™"

0.704™
0.522"
0.411

Cu

1

0.727

0.484

Zn

0.053 1

0.205

0.234

Mn
As

1

0.294
0.027
0.181

0.456

0.617

0.533"

0.509"
0.105
0.586"
0.665"
0.560"
0.659"
—0.735""
0.570"
0.740™
0.680""

1

0.366
0.393

0.116

0.057

0.254

Temp

1

0.047

0.622""
0.738"
0.656"
0.576"
—0.569"

0.652""
0.7317

0.695™"

0.106
—0.198
—0.337
—0.238

1

0.603""
0.576"

0.719"
—0.704™

0.474"

0.175

0.368
—0.419

0.6117"

0.493"

0.694

EC

1

0.697""

0.791""
—0.826"

0.778

0.414

0.702""

0.7717"
—0.702™"

0.576

TSS

1

—0.928"

0.745"

0.715"

0.429
—0.450

P

0.841
—0.796""

DS
DO
B

T
C

1

—0.845™
—0.947""
—0.873""

—0.740""
0.823"
0.8117"

ey

—0.769

0.294
—0.400
—0.293
—0.434

0.053
—0.484"
—0.163
—0.360

1

0.903""
0.967"
0.935™

0.745™
0.830"
0.818"

0.588"
0.724™
0.687""

0.496"

0.312

0.359 0.833"
0.787""
0.793™"

0.802™" 0.751™" 0.501"

0.856"
0.840™"

OD
OD

1

e

0.905
0.941

0.590"™ 0.459

0.581"

0.833"
0.832"

0.956™" 1

e

0.818™"

0.335

0.446

Chloride

* Correlation is significant at p = 0.05 ** Correlation is significant at p = 0.01

higher than one would indicate progressive deterioration of
the site and estuarine quality (Tomlinson et al. 1980). In
our study, all the stations indicated PLI values lower than
one, means no pollution (Table 5).

Assessment of potential ecological risk

The assessment of the potential ecological risk of the heavy
metal contamination was proposed as a diagnostic tool for
water pollution control purposes as a result of the
increasing content of heavy metals in sediments and their
subsequent release into the water, which could threaten
ecological health. Hakanson (1980) developed a method to
assess the potential ecological risk index for aquatic pol-
lution control purposes, i.e., to sort out which lakes or
rivers and substances should be given special attention.
According to this method, the potential ecological risk
factor (E) of single element and the potential ecological
risk index (RI) of multi-element can be computed by the
following equations:

E =T x C} (5)
RI=)>El (6)
i=1

where C} is the contamination factor for the element of “i”; 7"
is the toxic-response factor for the given element of “i”, which
accounts for the toxic requirement and the sensitivity
requirement. The toxic-response factors for Pb, Cd, Cr, Cu,
Zn, As,Ni,and Mn were 5, 30, 2,5, 1, 10, 5, and 1, respectively
(Hakanson 1980; Xuetal. 2008). Using Egs. 1,2, 5, and 6, and
indices and grades of potential ecological risk assessment
suggested by Hakanson (1980), the results of evaluation on
potential ecological risk factor (Ei) and the potential eco-
logical risk index (RI) are summarized in Table 6. The order
of potential ecological risk factor of heavy metal in sediments
of Dhalai Beel and Bangshi River was Cd > Pb > Cu >
Cr > Ni > As > Zn > Mn (Table 6). The potential ecologi-
cal risk factors (E!) of Pb, Cd, Ni, Cr, Cu,Zn, Mn, and As were
all lower than 40, which belong to low ecological risk (Ha-
kanson 1980). All the sampling sites were at low risk level
where the RI values were much lower than 150 (Hakanson
1980). The results indicated that there was low potential
ecological risk for the water body and the risk posed by the
heavy metals at different sampling sites went down in the
order of S-BR, > S-DB; > S-BR; > S-DB, > S-BR,; >
S-DB; >S-BR; > S-BR5 > S-DBy,, based on the value of RI.

Statistical analysis

The Pearson’s correlation coefficient analysis amongst the
chemical parameters of both water and sediment samples
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was performed and presented in Tables 7 and 8. In water
samples (Table 7), Pb showed significant positive correla-
tions with all metals except Cd, Cr, and Mn. Similarly, a
close relationship was noted between Ni and Cu (r = 0.86,
p <0.01), Ni and Zn (r = 0.48, p < 0.05), and Ni and As
(r = 0.53, p < 0.05), suggesting a common source of these
metals. A good correlation between Cu and Zn, and Cu and
As were also observed in water samples. However, water
temperature had relatively weak correlations with other
parameters. The correlation coefficients between tempera-
ture and other parameters were less than or equal to 0.496.
pH is positively correlated with all other parameters except
DO (r = —0.70, p < 0.01). Strong positive correlation of
EC with TDS (r=0.79, p <0.01), COD (r = 0.83,
p < 0.01), Chloride (r = 0.82, p < 0.01), and strong neg-
ative correlation (r = 0.87, p <0.01) with DO was
observed. The matrix data for this study revealed that TDS
was strongly positively correlated with other parameters
(ranging from r = 0.72 to 0.97), whereas a strong negative
correlation (r = —0.93, p < 0.01) was observed between
TDS and DO. A strong negative correlation (r = —0.71 to
—0.95) was also found between DO and other parameters.
Correlation coefficients of BOD and other parameters
ranged from 0.49 to 0.94. It was clear that COD was
strongly correlated with other parameters which were sig-
nificant at 0.01 levels. A strong correlation was also
observed in terms of chloride and other examined param-
eters at significant level 0.01. Correlation coefficients
(r) between the physicochemical properties and different
heavy metal concentrations in water samples (Table 7)
suggested that the concentrations of Pb, Ni, Cu, Zn, and As
were significantly and positively correlated with pH, EC,
TSS, TDS, BOD, COD, and Chloride. The concentrations
of Pb, Ni, Cu, Zn, and As were significantly and negatively

Table 8 Pearson correlation matrix of heavy metals of sediment
samples

Metal Pb Cd Ni Cr Cu Zn Mn As
Pb 1

cd —0072 1

Ni —0.026 —0290 1

Cr —0285  0.076 —0.317 1

Cu 0.129 —0056 0480 —0.067 1

Zn —0.127 —0.157  0541° —0.010  0496" 1

Mn 0.151 0.023 —0.098 —0.190 —0.012 0.162 1

As —0270 —0.087  0.197 —0.197 —0.048 0263 0303 1

* Correlation is significant at p = 0.05

correlated with DO. No statistically significant correlations
were observed between temp and heavy metal concentra-
tions. The concentration of Cd, Cr, and Mn in water
samples were statistically not correlated with any physi-
cochemical properties of waters. In sediment samples
(Table 8), significant positive correlations (p < 0.05)
between Ni and Cu (r = 0.48), Ni and Zn (r = 0.54), Cu
and Zn (r = 0.49) were observed.

A cluster analysis was performed on heavy metals of
two data sets (sediment and water), using between-groups
linkage method with Pearson correlation (Maitre 1982).
The results are shown in Fig. 2. The distance axis repre-
sents the degree of association between groups of variables,
i.e., the lower the value on the axis, the more significant the
association. For sediment, Ni and Zn were very well cor-
related with each other (coefficient 0.54) and form another
cluster with Cu. Secondly the association of Mn and As
was shown, which was at a later stage associated with Ni-
Zn cluster. Thereafter, another cluster was formed by Cd
and Cr with positive coefficient of 0.08 (Fig. 2). For water,
Ni and Cu were associated with each other (coefficient
0.86) and form another cluster with Pb. Whereas at 3rd, 4th
and 5th stage Pb was correlated with Zn, As and Mn. Cd-
Cr cluster was joined to Pb only very late.

Conclusion

This investigation reveals that the concentration of six
heavy metals (Pb, Cd, Ni, Cr, Zn, and As) out of eight in
water samples, are higher than the WHO (1993) recom-
mended guideline for drinking water. Discharges of
industrial, agricultural wastes and of municipal sewage
water appear as the major sources for water quality dete-
rioration in this study area. The elevated levels of these
heavy metals could ultimately contaminate the cultivated
crops, fish and thus making them toxic for human con-
sumption. The average heavy metal concentrations in the
sediments are lower than the PEL with exception of Cr.
The sediment samples show a low degree of contamination
by heavy metals and low potential ecological risk level. In
conclusion it might be stated that, although, the present
study area is an industrial zone but most of the factories do
not have scientific effluent treatment systems. Conse-
quently, Dhalai Beel and Bangshi River receive the con-
siderably high quantity of industrial inputs from DEPZ and
these contaminants threaten the ecological balance. Due
legislative measures should be made to reduce the
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Fig. 2 Hierarchical clustering results (dendrogram) of the heavy metal concentrations in sediment and water samples of Dhalai Beel and

Bangshi River

anthropogenic discharges in the lake and river; otherwise,
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