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Soil pollution, influenced by both the natural and anthropogenic factors, significantly reduces environmental
quality. In this study, six hazardous elements (Cr, Ni, Cu, As, Cd and Pb) in 12 different land-use urban soils
from Bangladesh were assessed. The ranges of Cr, Ni, Cu, As, Cd and Pb in studied soils were 2.4–1258, 8.3–
1044, 9.7–823, 8.7–277, 1.8–80 and 13–842 mg/kg, respectively. More than 70% of soil samples exceeded the
Dutch target value for Ni, Cu, As, Cd and Pb concentration in soil, indicating a potential risk to the environment.
Certain indices, including the enrichment factor (EF), pollution load index (PLI) and contamination factor (Cf

i),
were used to assess the ecological risk posed by hazardous elements in soils. The mean range of PLI was
1.5–10, indicating progressive deterioration of soil due to metal contamination. However, the Cf

i values of Cd
ranged from 3.7 to 35 revealed that the examined soils were strongly impacted by Cd. Considering the severity
of potential ecological risk for single metal (Er

i), the descending order of contaminants was Cd N As N

Cu N Pb N Ni N Cr. In view of the potential ecological risk (PER), soils from all land uses showed considerable to
very high potential ecological risk.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Soil is a dynamic natural resource for the survival of human life and
regarded as the key receiver of the relentless pollutants like hazardous
elements (Luo et al., 2007; Karim et al., 2014). Nowaday, contamination
of hazardous elements has become an environmental issue in both de-
veloped and developing countries throughout the world (Sun et al.,
2010). Hazardous elements are of great concern due to their wide
sources, toxicity, non-biodegradable properties and accumulative be-
haviors (Islam et al., 2014a). In recent decades, there has been a signif-
icant concern regarding soil contamination by various toxic metals due
to rapid industrialization and urbanization (Chen et al., 2010; Sun et al.,
n Sciences, YokohamaNational
agawa 240-8501, Japan.
aiful-nj@ynu.jp (S. Islam).
2010). Urban soils are generally regarded as being continuous recipients
of hazardous elements and other pollutants. However, in the urbanized
areas, hazardous elements may originate from various sources of which
are industrial activities, coal and fuel combustion, vehicle emissions and
municipal waste disposal (Wei and Yang, 2010; Karim et al., 2014). The
excessive input of hazardous elements and synthetic chemicals into the
urban soils may lead to the deterioration of soil biology and function,
changes the soil physicochemical properties and creates other environ-
mental problems (Papa et al., 2010). Therefore, the accumulationof haz-
ardous elements in soils is of increasing concern due to their potential
risk, and detrimental effects on soil ecosystems (Cui et al., 2004; Li
et al., 2009; Yu et al., 2012; Yuan et al., 2014).

For the industrial urban area, there should be concern about the soil
pollution andpotential ecological risks because of the rate of urbanization
in developing countries, especially in Bangladesh. Differentmethods have
been widely used to assess the contamination of hazardous elements in
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soil such as enrichment factor (EF), contamination factor (CF), geo-
accumulation index (Igeo), pollution load index (PLI) etc. (Rashed, 2010;
Liu et al., 2014). Thus, Sayadi and Sayyed (2011) noted that natural and
human-related metal enrichment in soils should be differentiated prior
to the assessment ofmetal contamination processes by enrichment factor
(EF). The EF of an area indicates the relative enrichment in any contami-
nant when compared to pre-industrial soils from the same environment
(Dias et al., 2014; Hower et al., 2013; Ribeiro et al., 2013a,b; Silva et al.,
2011, 2012). This approach is valid when data from such pre-industrial
soils can be obtained. On the other hand, the study on the distribution
and source identification of hazardous elements in different land use
urban soil is very important to identify pollution status (Carr et al.,
2008; Afshin et al., 2009; Acosta et al., 2011; Yuan et al., 2014).

The environment of Dhaka, the capital of Bangladesh is facing seri-
ous threats from pollution caused by the city's rapid expansion, conges-
tion and industrial activities (Islam et al., 2014b). Increasing air, water
and soil pollution emanating from traffic congestion and industrial
waste is a serious problem that adversely affects public health in the
city. Although its urban infrastructure is the most developed in the coun-
try, it is nonetheless a struggling metropolitan city with some crucial
issue, such as pollution and lack of adequate services for the rising popu-
lation. Several studies have reported the concentration of hazardous ele-
ments in the urban agricultural soils in Dhaka City (e.g. Kashem, and
Singh, 1999; Ahmad and Gani, 2010; Rahman et al., 2012). Nevertheless,
these studies didnot consider the landuse aspect as an indicator of having
strong influence on the metal concentration in urban soils (Cerqueira
et al., 2012, 2011; Quispe et al., 2012; Oliveira et al., 2013a,b; Martinello
et al., 2014; Saikia et al., 2014). Therefore, in this study, the variation of
hazardous elements in the urban soils of different land uses was investi-
gated. The hypothesis of the present study states that the urban soil
metal concentration values depend on land use. The objectives of this
study are to determine the Cr, Ni, Cu, As, Cd and Pb concentrations in dif-
ferent land use urban soil; to identify the potential sources of hazardous
elements and to assess the ecological risk of soil contaminationbyhazard-
ous elements in Dhaka City, Bangladesh.

2. Materials and methods

2.1. Study area and sampling

This study was conducted in 12 different land use urban soils i.e. ag-
riculture farm (AF), tannerywaste (TW), petrol station (PS), playground
(PG), metal workshop (MW), electric waste (EW), waste burning site
(BS), household waste (HW), garments waste (GW), construction site
(CS), park area (PA) and brick field (BF) (Fig. 1). The metropolitan
area of Dhaka is about 815.8 km2 and located at the center of
Bangladesh. Dhaka City is one of the most densely populated cities in
the world where present population is about twelve million (Islam
et al., 2014b). The basic information of the study area is presented in
Table S1. About 70 composite soil samples were collected during Febru-
ary–March, 2012 and August–September, 2013. Seventy sampling sites
were selected depending on the current land uses. At each sampling
site, soil samples (up to 10 cm) were collected in the form of sub-
samples from three different locations. These sub-samples were thor-
oughly mixed to form a composite sample. For considering the prein-
dustrial sample, soil was taken by means of a percussion hammer
corer (50–80 cm in length) for metal analysis (Schottler and
Engstrom, 2006). Lead-210 dating by alpha spectrometry method was
used to determine the soil age and accumulation rates (Islam et al.,
2015). Pre-industrial background is sometimes used when data either
come from age-dated materials or are collected from areas believed to
represent survey/study area in its supposed ‘preindustrialization’ state
(Reimann and Garrett, 2005). Samples were air-dried at room temper-
ature for twoweeks, then ground and homogenized. The dried soil sam-
ples were crumbled with a porcelain mortar and pestle and sieved
through 2 mm nylon sieve and stored in an airtight clean Ziploc bag
and kept frozen until chemical analysis. Similar analytical procedures
were previously reported (Arenas-Lago et al., 2013, 2014; Cerqueira
et al., 2011, 2012; Quispe et al., 2012; Oliveira et al., 2013a,b).

2.2. Sample analysis

All chemicalswere of analytical grade reagents andMilli-Q (Elix UV5
and MilliQ, Millipore, USA) water was used for the preparation of the
solution. For metal analysis, 0.3 g of the soil sample was treated with
1.5 mL 69% HNO3 (Kanto Chemical Co, Tokyo, Japan) and 4.5 mL 35%
HCl (Kanto Chemical Co, Tokyo, Japan) in a closed Teflon vessel and
was digested in a Microwave Digestion System (Berghof speedwave®,
Eningen, Germany). The digested solution was then filtered using a
syringe filter (DISMIC®-25HP PTFE, pore size = 0.45 μm) (Arenas-Lago
et al., 2013, 2014; Cerqueira et al., 2011, 2012; Silva et al., 2012) Toyo
Roshi Kaisha, Ltd., Tokyo, Japan and stored in 50 mL polypropylene
tubes (Nalgene, New York).

2.3. Instrumental analysis and quality control

For hazardous elements, samples were analyzed using inductively
coupled plasma mass spectrometer (ICP-MS, 7700 series). Multi-
element Standard XSTC-13 (SpexCertiPrep®, Metuchen, USA) solutions
were used to prepare the calibration curve. Multielement solution
(Agilent Technologies, USA) 1.0 μg/L was used as tuning solution cover-
ing a wide range of masses of elements. All test batches were evaluated
using an internal quality approach and validated if they satisfied the de-
fined Internal Quality Controls (IQCs). Instrument operating conditions
and parameters for metal analysis are presented in Table S2.

2.4. Calculation of soil pollution indexes

2.4.1. Enrichment factors (EFs)
Enrichment factor (EF) was considered as an effective tool to evalu-

ate the magnitude of contaminants in the environment (Franco-Uria
et al., 2009). The EF for each elementwas calculated to evaluate anthro-
pogenic influences on hazardous elements in soil using the following
formula (Islam et al., 2014a):

EF ¼ CM=CAlð Þsample= CM=CAlð Þbackground ð1Þ

where, (CM / CAl)sample is the ratio of concentration of hazardous ele-
ments (CM) to that of aluminum (CAl) in the soil sample, and (CM/CAl)
background is the same reference ratio in the pre-industrial sample. Gener-
ally, an EF value of about 1 suggests that a given metal may be entirely
from crustal materials or natural weathering processes (Rashed,
2010). Samples having an enrichment factor of N1.5 was considered in-
dicative of human influence and (arbitrarily) EFs of 1.5–3, 3–5, 5–10 and
N10 are considered the evidence of minor, moderate, severe, and very
severe modification (Islam et al., 2014a). In this study, (Al) was used
as the reference element for geochemical normalization because of the
following reasons: (1) Al is associated with fine solid surfaces; (2) its
geochemistry is similar to that of many trace metals and (3) its natural
concentration tends to be uniform (Rashed, 2010).

2.4.2. Contamination factor (Cf
i)

The Cf
i is the ratio obtained by dividing the concentration of

each metal in the soil by the baseline or background value (hazardous
elements in the pre-industrial soil of the study area):

C f
i ¼ Cheavymetal

Cbackground
: ð2Þ

The contamination levelsmay be classified based on their intensities
on a scale ranging from 1 to 6: low degree (Cfi b 1), moderate degree
(1 ≤ Cf

i b 3), considerable degree (3 ≤ Cf
i b 6), and very high degree



Table 1
Hazardous elements concentration (mg/kg) in soils of different land uses and guidelines value.

Land use type Cr Ni Cu As Cd Pb

Agriculture field Mean ± SD 384 ± 297b 192 ± 108a 311 ± 129ac 64 ± 19bc 7.1 ± 2.6a 199 ± 147ab
Range 166–1120 113–443 165–510 41–90 4.2–12 89–567

Tannery waste Mean ± SD 1112 ± 133a 144 ± 87a 303 ± 253ac 112 ± 88b 27 ± 20a 87 ± 63a
Range 861–1258 52–283 29–780 23–277 11–74 21–178

Petrol station Mean ± SD 42 ± 26c 105 ± 113a 134 ± 87ac 20 ± 4.1ac 10 ± 6.3a 62 ± 32ab
Range 17–73 37–273 36–220 16–24 5.0–19 40–108

Playground Mean ± SD 20 ± 17c 117 ± 28a 82 ± 53a 18 ± 6.3ac 3.5 ± 1.0a 49 ± 38ab
Range 2.4–39 89–143 46–161 10–24 2.0–4.2 13–100

Metal workshop Mean ± SD 91 ± 45c 749 ± 312b 457 ± 225bc 58 ± 20abc 27 ± 20a 346 ± 256ab
Range 31–134 313–1044 156–823 31–85 7.6–52 124–806

Electric waste Mean ± SD 140 ± 112bc 525 ± 255b 553 ± 217c 67 ± 34abc 34 ± 31b 350 ± 282ab
Range 54–333 315–923 175–701 24–103 5.2–80 148–842

Burning site Mean ± SD 120 ± 59c 120 ± 44a 366 ± 182ac 68 ± 21abc 14 ± 5.6a 365 ± 219b
Range 52–196 49–155 152–608 33–93 5.3–22 145–706

Household waste Mean ± SD 71 ± 40c 49 ± 42a 99 ± 74a 36 ± 5.7ac 11 ± 3.4a 139 ± 54ab
Range 29–135 21–121 37–217 29–44 6.3–13 64–201

Garments waste Mean ± SD 164 ± 131b 126 ± 56a 282 ± 303 ac 56 ± 38abc 13 ± 13a 250 ± 84ab
Range 30–395 34–207 31–728 8.7–116 1.8–33 170–362

Construction waste Mean ± SD 34 ± 15c 181 ± 187a 278 ± 244ac 42 ± 26 ac 9.0 ± 8.3a 162 ± 75ab
Range 12–35 34–517 20–589 15–84 4.0–26 93–283

Park Mean ± SD 37 ± 24c 25 ± 11a 46 ± 32a 19 ± 7.8ac 6.9 ± 4.8a 92 ± 56ab
Range 6.3–58 8.3–37 10–92 12–31 2.0–14 21–170

Brick field Mean ± SD 75 ± 39c 99 ± 49a 131 ± 115a 77 ± 33abc 20 ± 9.3a 174 ± 87ab
Range 40–137 35–183 27–333 34–123 5.4–30 52–281

Background values 45 39 33 9.5 0.95 27

Dutch soil quality standard (target value)⁎ 100 35 36 29 0.8 85
Dutch soil quality standard (intervention value)⁎ 380 210 190 55 12 530
% sample which exceeded Dutch target value 46 90 94 74 100 80
% sample which exceeded Dutch intervention value 14 27 46 43 47 7

Note: Vertically letters a, b and c show statistically significant differences at (p b 0.05, Multivariate Post-hoc Tukey test) among the land uses of each metal.
⁎ VROM (2000)
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(Cfi ≥ 6) (Luo et al., 2007; Rashed, 2010; Islam et al., 2015) (Table 4).
Thus, the Cf

i values can monitor the enrichment of one given metal in
soils over a period of time.

2.4.3. Pollution load index (PLI)
To assess the quality of soil in terms of hazardous elements

contamination, an integrated approach of pollution load index of
the six hazardous elements is calculated according to Rashed
(2010). The PLI is defined as the nth root of the multiplications of
Table 2
Total variance explained and component matrices for the hazardous elements in surface soils c

Component Initial eigenvalues Ext

Total % of variance Cumulative % Total % o

1 2.6 42.9 42.9 2.6 42.
2 1.4 23.9 66.8 1.4 23.
3 0.78 12.9 79.7 0.78 12.
4 0.60 10.0 89.8
5 0.40 6.7 96.5
6 0.21 3.5 100

Elements Component matrix

PC1 PC2 PC3

Component matrix
Cr 0.38 −0.73 0.27
Ni 0.45 0.54 0.69
Cu 0.87 0.21 0.01
As 0.80 −0.43 −0.14
Cd 0.77 −0.13 −0.15
Pb 0.49 0.60 −0.43

Extraction Method: principal component analysis.
the contamination factor (Cfi) of metals (Bhuiyan et al., 2010; Islam
et al., 2014a, 2015).

PLI ¼ C f
i
1 � Ci

f 2 � C f
i
3 � ::::::� C f

i
n

� �1=n ð3Þ

The PLI gave an assessment of the overall toxicity status of the
sample and also it is a result of the contribution of the six hazardous
elements.
ollected from Dhaka City, Bangladesh.

raction sums of squared loadings Rotation sums of squared
loadings

f variance Cumulative % Total % of variance Cumulative %

9 42.9 2.3 38.7 38.7
9 66.8 1.3 20.9 59.6
9 79.7 1.2 20.1 79.7

Rotated component matrix

PC1 PC2 PC3

0.59 −0.63 −0.004
0.06 0.10 0.98

7 0.69 0.35 0.46
0.92 −0.064 −0.014
0.77 0.17 0.11
0.27 0.83 0.16



Fig. 2. Principal component analysis (PCA) of hazardous elements in soils collected from
different land use types in Dhaka City, Bangladesh.

Fig. 1. Map of the sampling sites in Dhaka City, Bangladesh.
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2.4.4. Potential ecological risk (PER)
Potential ecological risk index (PER) is also introduced to assess the

contamination degree of hazardous elements in soils. The equations
used for calculation of PER were proposed by Guo et al. (2010) and
are as follows.

Ci
f ¼

Ci

Ci
n

;Cd ¼
Xn

i¼1

Ci
f ð4Þ

Eir ¼ Ti
r � Ci

f ; PER ¼
Xm

i¼1

Eir ð5Þ

where,
Cf
i is the single element contamination factor, Ci is the content of the

element in samples and Cn
i is the background value of the element.

The background values of Cr, Ni, Cu, As, Cd and Pb in soils were 45, 39,
33, 9.5, 0.95 and 27 mg/kg (pre-industrial samples of the study area).
The sum of Cfi for all metals represents the integrated pollution degree
(Cd) of the environment. Eri is the potential ecological risk index and Tr

i

is the biological toxic factor of an individual element. The toxic-
response factors for Cr, Ni, Cu, As, Cd and Pb were 2, 6, 5, 10, 30 and 5,
respectively (Xu et al., 2008; Guo et al., 2010; Islam et al., 2014a). PER
is the comprehensive potential ecological risk index, which is the sum
of Eri . It represents the sensitivity of the biological community to the
toxic substance and illustrates the potential ecological risk caused by
the overall contamination.

2.4.5. Statistical analysis
The data were statistically analyzed using the statistical package, SPSS

16.0 (SPSS, USA). Themeans and standard deviations of the hazardous el-
ement concentrations in soils were calculated. Multivariate methods in
terms of principal component analysis (PCA) were used to interpret the
potential sources of hazardous element in soil. Multivariate Post-hoc
Tukey test was performed to detect significant differences in soil metal
concentration depending on land use. Varimax normalized rotation
using Ward's Method was applied in order to minimize the number of
variables with a high loading on each component and to facilitate the in-
terpretation of results.



Fig. 4. Pollution load index (PLI) of hazardous elements in soils of different land use in
Bangladesh (Error bar represents ± SE).

Fig. 3. Estimated sum of the toxic units (∑TUs) in soils of different land use in Dhaka City,
Bangladesh.
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3. Results

3.1. Metal contamination in soil

The concentrations of hazardous elements viz. Cr, Ni, Cu, As, Cd and
Pb in soil samples of different land uses are presented in Table 1. The
levels of hazardous elements were varied among the sampling sites of
different land use types and followed the descending order of TW N

MW N EW N AF N GW N BS N CW N BF N HW N PS N PG N PA. The mean
concentrations of Cr for some of the land uses were higher than the
Dutch soil quality guideline values (VROM, 2000), where 46% of sam-
ples exceeded the Dutch soil quality target value and 14% samples
exceeded the intervention value (Table 1). The highestmean concentra-
tion of Ni was observed in soil at the MW site (749 ± 312 mg/kg)
followed by the EW site (525±255mg/kg). Considering theNi concen-
tration in soil, about 90% of samples exceeded Dutch target value and
27% samples exceeded Dutch intervention value (Table 1).

An elevated level of Cu was observed in soils at the EW site (553 ±
217 mg/kg) followed by the MW site (457 ± 225 mg/kg). In terms of
Cu content in soil, about 46 to 96% of samples exceeded theDutch inter-
vention and target value, respectively. The highest mean concentration
of As was found in soil collected from the TW site (112 ± 88 mg/kg)
followed by the BF site (77±33mg/kg), where 74% of samples exceeded
the Dutch target value and 43% of samples exceeded the intervention
value (Table 1). The highest mean concentration of Cd was obtained in
Table 3
Enrichment factor of hazardous elements in soil from different land use types in Dhaka City, B

Land use type Cr Ni Cu

AF 4.8 ± 3.7a 2.8 ± 1.6a 5.3 ±
TW 12 ± 1.5c 1.9 ± 1.1a 4.7 ±
PS 1.7 ± 1.1ab 4.9 ± 5.3a 7.4 ±
PG 0.66 ± 0.55b 4.4 ± 1.0a 3.6 ±
MW 2.0 ± 1.0b 19 ± 7.9b 14 ±
EW 1.3 ± 1.0b 5.5 ± 2.7a 6.9 ±
BS 1.3 ± 0.6b 1.5 ± 0.53a 5.3 ±
HW 1.1 ± 0.6b 0.89 ± 0.78a 2.1 ±
GW 1.9 ± 1.6ab 1.7 ± 0.77a 4.6 ±
CW 0.71 ± 0.31b 4.3 ± 4.4a 7.8 ±
PA 1.3 ± 0.83b 1.0 ± 0.47a 2.2 ±
BF 2.4 ± 1.3ab 3.7 ± 1.9a 5.8 ±

Note: Vertically letters a, b and c show statistically significant differences at (p b 0.05) among
soil collected from the EW site (34 ± 31 mg/kg) followed by TW and
MW (27 ± 20 mg/kg). Elevated concentrations of Pb observed in soil
were 365 ± 219, 350 ± 282 and 346 ± 256 mg/kg at the BS, EW and
MW sites, respectively, which can be due to the emission of Pb contami-
nated waste from these sites (Srinivasa et al., 2010). Considering the Pb
content, about 80% of samples exceeded the Dutch target value and 7%
samples exceeded the intervention value (Table 1).

3.2. Source analysis of hazardous elements in soil

To identify the source of hazardous elements in soils of different land
use of the urban area, a principal component analysis (PCA) was per-
formed, which has been considered to be an effective tool for source
identification (Bai et al., 2011; Anju and Banerjee, 2012). Three principal
componentswere obtained (Table 2 and Fig. 2), and those accounted for
79.7% of all the total variation. The elements Cr, Cu, As and Cd were in-
cluded in the first principal component (PC1) explaining the greatest
variance (42.9%); the second principal component (PC2)was composed
of Pb explaining 23.9% of the variance. The third principal component
(PC3) only included Ni, explaining 12.9% of the total variance (Table 2
and Fig. 2).

3.3. Toxic unit analysis

Potential acute toxicity of hazardous elements in soil samples can be
estimated as the sum of toxic units (∑TUs), defined as the ratio of the
determined concentration of metal in soil to probable effect levels
angladesh.

As Cd Pb

2.2a 3.8 ± 1.1a 4.2 ± 1.5a 4.1 ± 3.1a
3.9a 6.0 ± 4.7a 14 ± 11abc 1.6 ± 1.2a
4.8ab 3.8 ± 0.8a 19 ± 12abc 4.2 ± 2.2ab
2.3a 2.7 ± 1.0a 5.4 ± 1.6a 2.7 ± 2.1a
6.7b 6.0 ± 2.0a 28 ± 20bc 13 ± 9.3b
2.7ab 2.9 ± 1.5a 15 ± 13abc 5.3 ± 4.3ab
2.6a 3.4 ± 1.0a 7.2 ± 2.8a 6.5 ± 3.9ab
1.6a 2.7 ± 0.43a 8.0 ± 2.5ab 3.7 ± 1.4a
4.9a 3.2 ± 2.1a 7.3 ± 7.3a 5.0 ± 1.7ab
6.8ab 4.1 ± 2.5a 8.8 ± 8.1ab 5.5 ± 2.6ab
1.6a 3.2 ± 1.3a 12 ± 8.2abc 5.5 ± 3.4ab
5.1ab 12 ± 5.1b 31 ± 14c 9.5 ± 4.7ab

the land uses of each metal.



Table 4
Indices and grades of potential ecological risk of hazardous elements pollution (Luo et al., 2007).

Contamination
factor (Cfi)

Contamination degree
of individual metal

Degree of
contamination (Cd)

Contamination degree
of the environment

Er
i Grade of ecological risk

of individual metal
Potential ecological risk
(PER)

Cf
i b 1 Low Cd b 5 Low contamination Er

i b 40 Low risk PER b 65 Low risk
1 ≤ Cf

i b 3 Moderate 5 ≤ Cd b 10 Moderate contamination 40 ≤ Er
i b 80 Moderate risk 65 ≤ PER b 130 Moderate risk

3 ≤ Cf
i b 6 Considerable 10 ≤ Cd b 20 Considerable contamination 80 ≤ Er

i b 160 Considerable risk 130 ≤ PER b 260 Considerable risk
Cf
i ≥ 6 High Cd ≥ 20 High contamination 160 ≤ Er

i b 320 High risk PER ≥ 260 Very high risk
Er
i ≥ 320 Very high risk
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(PELs) (Zheng et al., 2008; Islam et al., 2014a). Toxic unit (TU) and sum
of toxic units (∑TUs) for hazardous elements in different land use soils
were presented in Fig. 3. Toxic units of hazardous elements in soil sam-
ples were decreased in the order of Ni N Cd N As N Cr N Pb N Cu. The sum
of toxic units for all the land use soils was greater than 4, indicating a
moderate to serious toxicity of hazardous elements (Bai et al., 2011).
The sum of toxic units (∑TUs) for the studied metals for the sites TW,
MW and EWwas higher than the other sites, which were in the similar
trends of metal concentrations in soils.

3.4. Ecological risk assessment

In this study, the enrichment factor (EF), pollution load index (PLI),
contamination factor (Cfi) and degree of contaminations (Cd) have
been applied to assess hazardous elements contamination in soil of dif-
ferent land use for an urban area. The values of EF for different land use
soils are presented in Table 3. The mean EF values of all the studied
metals suggesting their enrichments in soils of different land use in
Bangladesh. Among the sites, the descending order of EFs was as
MW N BF N TW N PS N EW N CW N BS N AF N GW N PA NPG N HW. As a
whole, the EF of all the studied metals for all sites were in the descend-
ing order of Cd N As N Pb N Cu N Ni N Cr.

Pollution load index (PLI) value equal to zero indicates perfection; a
value of one indicates the presence of only baseline level of pollutants
and values above one indicate progressive deterioration of soil in
terms of contamination of the hazardous elements (Rashed, 2010;
Islam et al., 2014a). The extent of pollution increases with the increase
of numerical PLI value. As per above grade, present soils were polluted
considerably, since PLI values of all sites were higher than one (Fig. 4).
Among the land use types, the highest PLI values were observed at
site EW (10) followed by MW (9.0) and TW (8.6) sites.

Hakanson (1980) defines four categories of Cfi, four categories of Cd,
five categories of Eri, and four categories of PER, as shown in Table 4. The
contamination factor (Cfi) for individual metal and degree of contamina-
tion (Cd) are presented in Table 5. For Cr concentration in soil, AF and
TW sites showed very high contamination, whereas, MW and EW sites
showed high contamination (Cfi N 6) for Ni in soil. Among the sampling
sites, about 50% of the samples showed very high contamination for Cu,
Table 5
Contamination factor, degree of contamination and contamination level of hazardous elements

Land use type Contamination factor (Cfi)

Cr Ni Cu As C

Agriculture field (AF) 8.5a 4.9a 9.4abc 6.7ab
Tannery waste (TW) 25c 3.7a 9.2abc 12b 2
Petrol station (PS) 0.93b 2.7a 4.1abc 2.1a 1
Playground (PG) 0.45b 3.0a 2.5ab 1.9a
Metal workshop (MW) 2.0b 19b 14bc 6.1ab 2
Electric waste (EW) 3.1ab 13b 17c 7.0ab
Waste burning site (BS) 2.7b 3.1a 11abc 7.2ab 1
Household waste (HW) 1.6b 1.2a 3.0ab 3.8a 1
Garments waste (GW) 3.6ab 3.2a 8.5abc 5.9ab 1
Construction waste (CW) 0.77b 4.6a 8.4abc 4.4a
Park area (PA) 0.81b 0.65a 1.4a 2.0a
Brick field (BF) 1.7b 2.5a 4.0abc 8.1ab 2

Note: Vertically letters a, b and c show statistically significant differences at (p b 0.05) among
Bold indicates very high contamination of individual metal (CF N 6.0).
As and Pb in soil, whereas, most of the sites showed very high contamina-
tion (Cfi N 6) for Cd concentration in soil (Table 5), indicating that these
four metals might pose a potential risk to the surrounding ecosystems
(Rashed, 2010) which ultimately would degrade the ecological balance.
Overall, the Cf

i for all metals were in the descending order of Cd N

Cu N Pb N As N Ni N Cr. The assessment of the overall contamination of
soil was based on the degree of contamination (Cd). Considering the Cd,
all sites showed a very high degree of metal contamination (Cd N 20) ex-
cept PG (13) and PA (16) sites indicating a considerable degree of con-
tamination (Table 5).

Combining the potential ecological risk index of individual metals
(Eri) and the potential ecological risk index of the environment (PER)
(Table 6) with their grade classifications (Table 4), soils from all kinds
of land use were classified as posing considerable to very high potential
ecological risk with Cd and low to moderate potential ecological risk
with Cr, Ni, Cu, As and Pb. The order of Eri in soils was in the following
descending order of Cd N As N Cu N Pb N Ni N Cr. Among the land uses,
statistically significant differences (p b 0.05) were observed for the po-
tential ecological risk index of individual metals (Eri), which indicated
that ecological risk of hazardous elements varied with different land
uses (Table 6). PER represents the sensitivity of various biological com-
munities, to toxic substances and illustrates the potential ecological risk
caused by the hazardous elements. The PER of the environment for the
different types of land use can be ranked in the following order:
EW N MW N TW N BF N BS N GW N CW N HW N AF N PS N PA N PG.

4. Discussion

The highest concentration of Cr was obtained at the tannery waste
(TW) site followed by theAF sitewhich can be resulted from the dispose
and application of untreated tannery waste (chromate smelters) to
agriculturalfields (Krishna andGovil, 2007; Srinivasa et al., 2010). A sta-
tistically significant difference (p b 0.05)was observed for Cr concentra-
tion among the land use in Dhaka City, Bangladesh (Table 1). Significant
difference (p b 0.05) was observed for Ni concentration in soils of MW
and EW sites with the other sites. The high level of Ni in these sites
resulted from localized additions or accidental spillages of highly con-
centrated materials that contain Ni (Krishna and Govil, 2007). An
in soils collected from Dhaka City, Bangladesh.

Degree of contamination (Cd) Contamination level

d Pb

7.5a 7.4ab 44 Very high
8ab 3.2a 81 Very high
1ab 2.3ab 23 Very high

3.7ab 1.8ab 13 Considerable
9ab 13ab 83 Very high
35b 13ab 89 Very high
5ab 14b 53 Very high
1ab 5.2ab 26 Very high
4ab 9.3ab 44 Very high

9.5ab 6.0ab 34 Very high
7.3ab 3.4ab 16 Considerable

1ab 6.4ab 44 Very high

the land uses of each element.



Table 6
Potential ecological risk factor, risk index and pollution degree of hazardous elements in soils collected from Dhaka City, Bangladesh.

Land use type Potential ecological risk factor (Eri) Potential ecological risk (PER) Pollution degree

Cr Ni Cu As Cd Pb

Agriculture field (AF) 17a 29a 47abc 67ab 224a 37ab 422 Very high risk
Tannery waste (TW) 49c 22a 46abc 118b 854ab 16a 1105 Very high risk
Petrol station (PS) 1.9b 16a 20abc 21a 316ab 12ab 386 Very high risk
Playground (PG) 0.89b 18a 12ab 19a 110ab 9.2ab 169 Considerable risk
Metal workshop (MW) 4.0b 115b 69abc 61ab 860ab 64ab 1174 Very high risk
Electric waste (EW) 6.2ab 81b 84c 70ab 1065b 65ab 1371 Very high risk
Waste burning site (BS) 5.3b 18a 55ac 72ab 454ab 68b 672 Very high risk
Household waste (HW) 3.2b 7.5a 15a 38a 335ab 26ab 424 Very high risk
Garments waste (GW) 7.3ab 19a 43abc 59ab 410ab 46ab 585 Very high risk
Construction waste (CW) 1.5b 28a 42abc 44a 284ab 30ab 430 Very high risk
Park area (PA) 1.6b 3.9a 6.9a 20a 218ab 17ab 268 Very high risk
Brick field (BF) 3.3b 15a 20a 81ab 626ab 32ab 777 Very high risk

Note: Vertically letters a, b and c show statistically significant differences at (p b 0.05) among the land uses of each element.
Bold indicates very high ecological risk.
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elevated level of Cu was observed in MW and EW sites which might be
due to the emission from the electric waste burning and metal work-
shop activities (Kashem and Singh, 1999; Srinivasa et al., 2010). Differ-
ences in the concentration of As in urban soils showed a considerable
amount in the AF, TW, EW, BS and BF sites (Table 1). In general, a
huge amount of As contaminated ground water (Polizzotto et al.,
2013; Neumann et al., 2010) is being used for irrigation in agricultural
fields along with various As-enriched fertilizers and pesticides
(Bhuiyan et al., 2011; Alam et al., 2003). Moreover, emission and
waste from brick fields and incineration activities might contribute to
the high concentration of As (Olawoyin et al., 2012). Severe Cd pollution
in soil has been reported from areas surrounding smelters in many
countries (Martley et al., 2004). Considering Cd concentration in soil,
all samples exceeded the Dutch target value, whereas, 47% of samples
exceeded the intervention value, indicating that Cd in soil might pose
a severe risk to the surrounding ecosystems.

From the present study, it was observed that some hazardous
elements showed higher standard deviation, and such deviation may
be indicative of the lack of uniformity of the elemental distribution
across the sites (Arenas-Lago et al., 2013, 2014; Cerqueira et al., 2011,
2012; Quispe et al., 2012). This might be possibly due to varied land
use activities and disturbances such as digging, excavation, and con-
struction, aswell as other natural processes such asweathering and ero-
sion, which could alter stabilization of the soil environment (Amuno,
2013).

The anthropogenic and geogenic elements were considered to be Cr,
Cu, As and Cd in the surface soils in many previous studies (Liu et al.,
2011). Moreover, their distribution patterns were generally invariant
in different land use soils of the studied area. Although Ni was individu-
ally included in the PC3, the distribution of Ni in the studied soils con-
firmed that it was derived from the parent materials of soil. Cr and As
were also included in PC1 because the concentrations of Cr and As
were generally invariant in the surface soil and similar with Cu, Ni and
Cd. Based on the distribution pattern of Pb in the surface soil, PC2 indi-
cates that Pb was mainly impacted by dust deposition from the lead-
acid battery factory (Liu et al., 2014). The PCA were consistent with
hazardous elements distribution in different land use soil and this con-
firmed further the source of hazardous elements in the studied area.

For most of the sites enrichment factors (EFs) of the studied metals
were higher than 1.5 (Table 3), indicating strong human influence
from various industries of Dhaka City (Rashed, 2010). Generally, studies
have observed that low enrichment values indicate a great contribution
for crusted source to the soil, while high EFs indicate a significant contri-
bution from anthropogenic sources (Yadao and Rajamani, 2006;
Rashed, 2010). The enrichment of metals (EFs) for the studied land
uses, significant differences (p b 0.05) were observed (Table 3). An ele-
vated level of pollution load index (PLI) for the EW, MW and TW sites
suggested that the lead-acid battery factory, tannery and dyeing
industry had caused some extent risk of the studied area (Bhuiyan
et al., 2010; Liu et al., 2014; Islam et al., 2014b). According to other au-
thors (Mass et al., 2011; Luo et al., 2012), Cd contributes significantly to
the potential ecological risk index of the environment (PER) which can
be due to the effect from anthropogenic activities such as the applica-
tion of phosphate fertilizers and industrial activities (Rodríguez Martín
et al., 2013). On the whole, the range of PER for all kinds of land use is
169–1371, indicating considerable to very high potential ecological
risk. The maximum value of PER (1371 in soil at EW site in Table 6) de-
notes a very high potential ecological risk for land receiving waste from
electric waste.

5. Conclusions

This study showed that soils from tannery waste (TW), metal work-
shop (MW) and electricwaste (EW) siteswere heavily contaminated by
hazardous elements especially Ni, Cu, As, Cd and Pb (N70% samples
exceeded the Dutch soil quality target value). The study also confirmed
thatmetal concentrations in urban soils of Bangladeshwere variedwith
different land-use. The anthropogenic and geogenic elementswere con-
sidered for the enrichment of metals in soil. Somemetals that group to-
gether might indicate that they have the same origin, whereas, the
distribution of Ni in the studied soils confirmed that it was derived
from the parent material or PCA indicates that Pb was mainly impacted
by dust from the lead-acid battery factory. Metals in soil for different
land uses showed considerable to high degree of contamination. For
individual metal, only Cd had very high ecological risk for most of
the sites, whereas, the potential ecological risk indexes of these
metals were very high potential ecological risk of the study area.
However, further study is needed to explain the reasons for the
higher potential ecological risk caused mainly by Cd in different
land use urban soils.
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