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Abstract

The study has been conducted to determine the pollution level of soil using various developed index in waste
disposal site at Rajbandh, Khulna, Bangladesh. To theses attempts, soil samples were collected from ten selected
locations and then the relevant elements in terms of Al, Fe, Mn, Cr, Cu, Pb, Zn, Ni, Cd, As, Co and Sc were
measured and monitored in the laboratory through the standards method. To assess the contamination potential of
soil, enrichment factor (EF) and geo-accumulation index (Igeo) were calculated using geological background
values. In addition, for assessing soil quality, Pearson’s correlation coefficients analysis was also performed by
the author. Furthermore, this study reveals that the values of Igeo in soils around the landfill area were affected
from the contamination with trace metals mostly by Pb and Cd. In contrast, Pearson’s correlation indicated that
the sources of metals are almost the same and these trace elements might be derived from the waste accumulation
activity.
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1 Introduction

The world is facing a serious environmental problem of soil pollution by heavy metal. Heavy metal
contamination of soil environment has been occurring for centuries but its extent has increased markedly since
last 50 years due to technological developments and increased consumer use of materials containing these metals
(Guanlin et al., 2006). In the soil system, pollution by heavy metals is mainly due to both natural processes such
as weathering of minerals and anthropogenic activities related to industry, agriculture, burning of fossil fuels,
vehicular emission, mining and metallurgical processes and waste disposal. (Likuku et al., 2013). Undoubtedly
waste is one of the most visible, immediate and serious environmental problems in developing countries like
Bangladesh (Rahman et al., 2008; Sahu et al., 2007). The two major concerns regarding waste disposal on land
are: (i) surface and ground water contamination by leachate and (ii) bioaccumulation of toxic heavy metals in
soil, uptake of these heavy metals by plants and biomagnifications of these metals up the food chain (Ajah et al.,
2015). Owing to the toxicity and ill effects of heavy metals on living being, the present day researchers have
developed interest in the origin and fate of these elements in the environment (Sharma et al., 2009).

Khulna is the third largest metropolitan city of Bangladesh. Accoding to Murtaza (2012), the major sources of
solid wastes in Khulna are residences, whole and retail sale market places including shopping places, streets,
hotels and restaurants, hospitals and private clinics, educational institutions, cinemas, bus, railway and
launch/steamer ghats, slaughter houses, etc. At the present time, Rajbandh waste disposal site is the only official
dumping site at present over 25 acres in area situated at a distance of about 10 kms to the west of KCC
Headquarter. In the light of the aforementioned realities, there is need for a detailed study of heavy metal
contamination of the soils in the vicinity of the Rajbandh municipal dumpsite with a view to ascertain the extent
of soil contamination. So this study was conducted to investigate the soil quality, especially the heavy metal
concentrations around the waste dumping site at Rajbandh, Khulna, by the metal enrichment factor (EF) and geo-
accumulation index (Igeo). These indices are indicators used to assess the presence and intensity of
anthropogenic contaminant deposition on surface soil. The objectives of this study are (i) to assess the level of
heavy metal pollution (Al, Fe, Mn, Cr, Cu, Pb, Zn, Ni, Cd, As, Co and Sc (ii) to perform correlation between
heavy metals and (iii) to suggest effective remedial measures.
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2 Materials and Method

The overall adopted methodology and materials used in this study is discussed and hence presented in the
following articles.

2.1 Study Area and Sampling
Khulna is the third largest metropolitan city of Bangladesh, stands on the banks of the Rupsha and the Bhairab
rivers. Geographically, Khulna lies between 22047´16´´to 22052´0´´north latitude and 89031´36´´ to 89034´35´´
east longitude. At present, Khulna city has a population of about 1.5 million with an area of 47 square kilometers
and 31 Wards.

(a) (b)

Figure 1.  (a) Location map of Rajbandh waste disposal site (b) Soil sampling points in the site.

The municipal solid waste of Khulna city is dumped in the Rajbandh disposal site in order to gather and dispose
in the landfill. So this landfill area was selected as sampling site to investigate and assess the soil quality using
EF and Igeo. The location of selected disposal site as well as ten soil sampling points is shown in Figure 1.

Table 1. Metal element concentrations of collected samples.

Sampling
Points

Metal elements
Al Fe Mn Cr Cu Pb Zn Ni Cd As Co Sc

BH 1 490.67 1602.55 90.55 5.65 53.55 230.76 133.60 3.02 4.67 3.88 5.51 8.98
BH 2 510.22 1709.77 88.93 5.88 60.13 243.88 127.93 5.44 3.26 4.09 7.78 9.04
BH 3 550.87 1678.66 90.76 7.09 65.77 255.50 130.73 7.44 4.26 5.09 6.66 10.77
BH 4 606.12 1708.23 87.65 8.83 70.12 267.93 165.93 6.88 6.11 4.11 5.03 12.03
BH 5 707.98 1809.23 98.87 8.88 90.77 289.87 178.87 7.11 5.98 4.88 3.99 14.11
BH 6 767.43 1987.76 109.77 8.77 100.87 305.60 187.93 5.63 4.08 3.02 7.14 15.93
BH 7 800.87 1786.77 110.12 7.93 109.77 387.88 198.92 5.77 3.30 4.93 8.79 15.88
BH 8 874.50 1786.77 120.66 8.03 110.66 402.65 200.83 6.08 4.77 3.609 10.77 16.87
BH 9 765.77 1345.83 130.83 7.34 87.66 380.87 187.93 6.11 5.09 4.11 8.88 16.83
BH 10 657.88 1550.60 120.83 5.16 90.77 308.88 155.83 5.56 4.55 5.04 8.77 14.76

2.2 Laboratory Investigations
For laboratory investigations, 10 g of each soil sample was weighed into a 100 mL conical flask which had
already been washed with deionized water followed by the addition of 6 mL HNO3/HClO4 acid in ratio 2:1 and
left overnight. Each sample was digested at 150°C for about 90 minutes and the temperature was increased to
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230°C for 30 minutes and HCl solution was added in ratio 1:1 to the digested sample and re-digested again for
another 30 minutes. The digested sample was washed into 100 mL volumetric flask. Mixture obtained was
cooled down to room temperature to avoid formation of insoluble perchloric compounds and was made up to
mark with deionized water. Heavy metals in this digest were determined using atomic absorption
spectrophotometer and the amount of each heavy metal was extrapolated from the calibration graph prepared.
The relevant concentrations of Al, Fe, Mn, Cr, Cu, Pb, Zn, Ni, Cd, As, Co and Sc were measured in the
laboratory. All the concentrations of elements presented here are in mg per kg is provided in Table 1.

2.2 Assessment of Soil Contamination
Laboratory results were subjected to geo-statistical analyses, in order to facilitate interpretation. Using Microsoft
Excel, the data was subjected to these descriptive analyses. Correlations between pairs of metals were also
obtained.

2.3 Determination of Enrichment Factor (EF)
Enrichment factor (EF) is a useful tool in determining the degree assessment of heavy metal pollutants
accumulation in the river sediments (Sakan et al., 2009). The EF is computed using the relationship in (1).

(1)

Where, Cx is the concentration of element x, and Cref is the concentration of the reference element in sediment (s)
and the Earth's crust, respectively (Kalender L. and Ucar S. C, 2013).

These indexes of potential contamination are calculated by the normalization of one metal concentration in the
topsoil respect to the concentration of a reference element. In addition, a reference element is an element
particularly stable in the soil, which is characterized by absence of vertical mobility and/or degradation
phenomena. Hence, the constituent chosen should also be associated with finer particles (related to grain size),
and its concentration should not be anthropogenically altered Ackerman (1980). Typical elements used in many
studies are Al, Fe, Mn and Rb. According to Taylor (1964), EF is classified in seven different classes which are
i) Extremely severe enrichment (>50), ii) Very severe enrichment (25 – 50), iii) Severe enrichment (10 – 25), iv)
Moderately severe enrichment (5 – 10), v) Moderate enrichment (3 – 5),vi) Minor enrichment (1 – 3) and vii) No
enrichment (< 1).

2.4 Determination of Geo-accumulation Index (Igeo))
The geo-accumulation pollution index is used to assess the degree of soil contamination by metals. The geo-
accumulation index (Igeo) is defined as Wei and Yang (2010) in equation 2.

(2)
Where, Ci is the measured concentration of the element and Bn is the geochemical background value in fossil
argillaceous sediment (average shale). The constant 1.5 allows analyzing natural fluctuations in the content of a
given substance in the environment and small anthropogenic influences. In table 2 classes of Igeo are presented.

Table 2. The degree of metal pollution in terms of seven enrichment classes (Abrahim and Parker, 2008).

Igeo Value Igeo Class designation of soil quality
>5 6 Extremely contaminated
4-5 5 Strongly to extremely contaminated
3-4 4 Strongly contaminated
2-3 3 Moderately to strongly contaminated
1-2 2 Moderately contaminated
0-1 1 Uncontaminated to moderately contaminated
0< 0 Uncontaminated

3 Results and Discussions

3.1 Enrichment Factor (EF)
In this assessment, aluminum (Al) was used as the reference element because this normalizing element assumed
not to be consequentially enriched owing to local contamination. As Al is selected as reference element hence EF
of Al is 1. EF varied across the sites following the sequence of Cd> Pb>As>Zn>Cu> Sc>Co>Mn>Cr>Fe>Ni. EF
values of BH-1 and BH-4 is comparatively high for all elements which indicates these two borehole soil is more
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anthropogenically altered than other borehole soil. Value of BH-9 is low compared to others so this soil sample
is less anthropogenically enriched. As an illustration, Figure 2 shows EF of 12 elements of 10 boreholes
according to Taylor (1964) classification. The EF values of some trace metals as As,Cu, Pb, Zn, Cd and Sc are
large in class of extremely sever enrichment. As the same manner, the EF value for other metals varies within
five different classes (Very severe enrichment to minor enrichment). Here, Figure 3 depicts the spatial
distribution of the EF values for two heavy metals (Cd and Pb) by the method of interpolation (kriging) using
Arcmap software.

Figure 2. Classification of EF values of BH-1 to BH-10.

Figure 3. Spatial distribution of EF for Cd and Pb.

3.2 Geo-accumulation Index (Igeo)
The index is a quantitative measure of the degree of pollution in soil sample. It consists of seven grades ranging
from unpolluted to very extremely polluted. From the graph of Igeo in Figure 4, Pb and Cd are mainly
contaminated in all BHs and vary from moderate contaminated state to heavy contaminated state. These suggest
that the soil samples of the study area are having background concentrations for Al, Fe, Mn, Cr, Cu, Ni, As, Co
and Sc, so these elements are practically unchanged by anthropogenic influences, while the concentration of Pb
and Cd exceeded the average shale value. These dangerous metals may be derived from industrial waste and
gasoline additives used, in the factories and cars (Mwamburi, 2003). Table 3 represents Allocated class of  Igeo
values for different metals in different boreholes according to Abrahim and Parker, 2008.

3.2 Correlation of metals
Correlation, the relationship between two variables, is closely related to prediction. Correlation matrix (Table 4)
of the metal data indicates strong positive correlations (r2 > 0.5) among Al-Mn-Cr-Cu-Pb-Zn-Co-Sc, Fe-Cr, Mn-
Cu-Pb-Zn-Co-Sc, Cr-Zn-Ni, Cu-Pb-Zn-Co-Sc, Pb-Zn-Co-Sc, Zn-Sc and Co-Sc while strong negative
correlations(r2 < -0.5) between Cd-Co. The most significant correlation were 0.96 between Al-Zn, Al-Cu, Al-Sc,
0.93 between Al-Pb and Cu-Sc. Significant correlations between metals may reflect that these heavy metals had
similar pollution level and similar pollution sources.
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Figure 4. Variation of Igeo for different metals in different boreholes.

Table 3. Allocated class for different metals in different boreholes.

Sample Al Fe Mn Cr Cu Pb Zn Ni Cd As Co Sc
BH1 0 0 0 0 0 2 0 0 4 0 0 0
BH2 0 0 0 0 0 2 0 0 4 0 0 0
BH3 0 0 0 0 0 2 0 0 4 0 0 0
BH4 0 0 0 0 0 3 0 0 4 0 0 0
BH5 0 0 0 0 0 3 0 0 3 0 0 0
BH6 0 0 0 0 0 3 1 0 3 0 0 0
BH7 0 0 0 0 0 3 1 0 4 0 0 0
BH8 0 0 0 0 0 3 1 0 4 0 0 0
BH9 0 0 0 0 0 4 0 0 3 0 0 0
BH10 0 0 0 0 0 4 1 0 3 0 0 0

Table 4. Pearson’s product moment linear correlation coefficients of metal elements in soil samples (n = 10).

Al
Al 1 Fe
Fe 0.23 1.00 Mn
Mn 0.77 -0.31 1.00 Cr

Cr 0.56 0.55 0.01 1.00 Cu
Cu 0.96 0.34 0.73 0.48 1.00 Pb
Pb 0.93 -0.06 0.84 0.33 0.87 1.00 Zn
Zn 0.96 0.25 0.68 0.67 0.91 0.87 1.00 Ni
Ni 0.28 0.15 0.02 0.58 0.27 0.19 0.24 1.00 Cd
Cd 0.05 -0.18 -0.03 0.42 -0.07 -0.07 0.17 0.33 1.00 As
As 0.20 -0.31 -0.09 -0.25 -0.07 -0.06 -0.24 0.38 0.02 1.00 Co
Co 0.55 -0.18 0.72 -0.24 0.54 0.73 0.39 -0.09 -0.51 -0.14 1.00 Sc
Sc 0.96 0.07 0.87 0.47 0.93 0.90 0.92 0.29 0.11 -0.12 0.54 1.00

4 Conclusions
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Result reveals that the computed values of EF in soils were extremely sever enriched by the element Cu, Pb, Zn,
As, Cd and Sc and varied across the sites following the sequence of Cd> Pb>As>Zn>Cu> Sc. Moreover, Igeo
results represent that the concentration of Pb and Cd exceeded the average shale value which is harmful for
environment. Based on Pearson’s correlation analysis, is can be observed that most of the metals in soil were
significantly correlated with each other which indicated their source was almost the same and these metals might
be derived from the waste accumulation activity. This study demonstrations that there is environmental
contamination around dumping area and put emphasis on the need for a comprehensive public health approach to
address environmental extortions in local communities. Finally, it can be concluded that it is obvious a
systematic and constant monitoring for heavy metal pollution should be instituted and certain remediation steps
should be carried out to minimize the rate and extent pollution problems in future.
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