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Abstract

This study was conducted to assess the ecological risk of heavy metals in soils collected from the industrial vicinity of Tangail district in
Bangladesh. In this study, the levels of six heavy metals namely chromium (Cr), nickel (Ni), copper (Cu), arsenic (As), cadmium (Cd),
and lead (Pb) in 15 sampling sites around the industrial vicinity of Tangail district in Bangladesh were assessed. The mean concentration
of Cr, Ni, Cu, As, Cd and Pb in studied soils were 11.56, 23.92, 37.27, 6.11, 2.01, and 17.46 mg/kg, respectively. Certain indices, includ-
ing the enrichment factor (EF), contamination factor (C'r), geoaccumulation index (lgeo), pollution load index (PLI), toxic unit analysis,
and principal component analysis (PCA) were used to assess the ecological risk. The enrichment factor of all the studied metals for all
sampling sites were in the descending order of Cd > Cu > As > Pb >Ni > Cr. The contamination factor values revealed that the studied
soils were highly impacted by Cd. The pollution load index (PLI) values of Cd were higher than 1, indicating the progressive deteriora-
tion of soil due to Cd contamination. In the context of potential ecological risk (PER), soils from all sampling sites showed moderate to

very high potential ecological risk.
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1. Introduction

For the survival of human life on the planet, soil act as a dynamic
natural resource and regarded as the key receiver of the persistent
pollutants like heavy metals (Luo et al. 2007, Karim et al. 2014,
Islam et al. 2015, Proshad et al. 2018). Soil pollution by heavy
metals is a global problem that is highly predisposed by human-
induced activities (Han et al. 2002, Vare 2006, Islam et al. 2015).
Nowadays, soil pollution by heavy metals has become an envi-
ronmental issue in both developed and developing countries all
over the world (Islam et al. 2015, Sun et al. 2010). Heavy metals
such as nickel (Ni), chromium (Cr), copper (Cu), arsenic (As),
cadmium (Cd), and lead (Pb) have been considered as the most
toxic elements in the environment by the US Environment Protec-
tion Agency (EPA) (Luo et al. 2007, Lei et al. 2010, Proshad et al.
2017). In recent decades, there has been a major concern regarding
soil pollution by various heavy metals due to rapid industrializa-
tion and urbanization, especially in developing countries (Islam et
al. 2015, Sun et al. 2010, Chen et al. 2010, Islam et al. 2014, Ah-
med et al. 2015). Heavy metals are of great concern due to their
toxicity, non-biodegradable properties and accumulative behaviors
(Islam et al. 2015, Islam et al. 2014). Heavy metals may initiate in
soils around the industrial area from various sources of which are
industrial activities, power generation, manufacturing, waste
spills, or fossil fuel burning and waste disposal (Luo et al. 2007,
Karim et al. 2014, Wei and Yang 2010, Li and Feng 2012, Rodri-
guez et al. 2014, Islam et al. 2015). The accumulation of heavy
elements in soils is a great concern due to their potential environ-
mental risk and harmful effects on soil ecosystems (Islam et al.
2015, Cui et al. 2004, Li et al. 2009, Yu et al. 2012, Yuan et al.
2014). To assess the ecological risks of heavy metals in soil dif-

ferent methods have been widely used, such as enrichment factor
(EF), contamination factor (C'), toxic unit analysis, and geoaccu-
mulation load index (lgeo) (Islam et al. 2015, Rashed 2010). The
enrichment factor of an area indicates the relative enrichment in
any pollutant when compared to pre-industrial soils from the same
environment (Islam et al. 2015, Sayadi and Sayyed 2011, Hower
et al. 2013, Dias et al. 2014). As soil contamination arising from
industry, the study area has raised attention due to its environmen-
tal pollution which is facing serious threats due to heavy metals
pollution originated from the rapid development, congestion, and
activities from industries (Islam et al. 2015, Islam et al. 2014).
Several studies have stated the concentration of heavy metals in
the industrial area soils in Bangladesh (Islam et al. 2015, Ahmad
and Goni 2010, Rahman et al. 2012). Therefore, in this study, the
variations of heavy metals in soils of different soil sampling sites
were studied. The objective of this study was to assess the ecolog-
ical risk of heavy metals in soil in the industrial vicinity of Tangail
district in Bangladesh.

2. Materials and methods

2.1. Study area and sampling

The samples were collected from Tarutia, Tangail Sadar Upazila
of Tangail district, Bangladesh (Figure 1). Tangail district area is
334.26 km? and situated at the middle part in Bangladesh. Tangail
Sadar Upazila is highly densely area in Bangladesh and population
density is 1,100/km2 in Tangail district. The study area is situated
between Tangail Sadar is located at 24.2500°N to 89.9167°E.
Tangail as an industrial vicinity of Bangladesh possesses highly
vulnerable to environmental pollution nowadays. There are several
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types of industrial units including garments, packaging industry,
dyeing, brick kiln, metal workshops, battery manufacturing indus-
tries, tanneries, textile industries, pesticide and fertilizer indus-
tries, different food processing industries and other factories pro-
duce huge volumes of effluents that contain trace metals. These
industries are discharged untreated wastes randomly to river and
canals. Then that wastes are mixed with soils and the soil is con-
tinuously polluted by toxic elements in the industrial areas of Tan-
gail district in Bangladesh. Soil samples were collected during
March- April, 2016. Tarutia was selected for sampling location
situated near the industrial area of Tangail district, Bangladesh.
Fifteen soil sampling sites were selected in the industrial areas of
Tangail district. Agricultural field soil samples (samples were
collected from the surface soil up to 10 cm) were taken and three
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Fig. 1: Map Showing the Study Area of Soil Sample Collection in Tangail District (Industrial Vicinity), Bangladesh

2.2. Sample analysis

Analytical grade reagents were used for sample analysis and Milli-
Q (Elix UV5 and MilliQ, Millipore, USA) water was used for the
preparation of the solution. 4.5 mL 35% HCI (Kanto Chemical Co,
Tokyo, Japan) in a closed Teflon vessel added with 1.5 mL 69%
HNO3 (Kanto Chemical Co, Tokyo, Japan) which was mixed with
0.3 g of the soil sample and Microwave Digestion System
(Berghof speedwave ®, Eningen, Germany) was used in metal
analysis for soil sample. The digested solution was then filtered
using a syringe filter (DISMIC®-25HP PTFE, pore size= 0.45
um) (Arenas et al. 2014, Cerqueira et al. 2011, Cerqueira et al.
2012, Silva et al. 2012). Then the filtrate solution was used for
storing (50 mL polypropylene tubes were used for storing).

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. Multi-
element solution (Agilent Technologies, USA) 1.0 pg/L was used
as tuning solution covering a wide range of masses of elements.
All test batches were evaluated by applying internal quality sys-
tem and validated if they satisfied the defined Internal Quality
Controls (1QCs).

2.4. Ecological risk assessment for soil pollution
2.4.1. Enrichment factor (EF)
Enrichment factor assumed an impressive tool and used for deter-

mining hazardous element magnitude of environment (Franco et
al. 2009). In soil, anthropogenic influences of toxic metals were
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subsamples collected which were used as composite sample by
mixing it thoroughly. Samples were kept in air-dried at normal
temperature for two weeks, then ground and homogenized. Soil
was taken with the help of a percussion hammer corer (50—80 cm
in length) for metal analysis and those samples were treated as
pre-industrial sample (Schottler and Engstrom 2006). A porcelain
mortar and pestle used to crumble all dried soil samples. Then the
samples were sieved with 2 mm nylon sieve. The soil samples
were stored in a clean Ziploc bag which was airtight and used for
chemical analysis. Several researchers also followed the alike
procedure for sampling and storing of soil samples (Oliveira et al.
2012a, Oliveira et al. 2012b, Arenas et al. 2014).
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assessed by enrichment factor and following formula was used
(Selvaraj et al. 2004):

EF = (CM/CAI) sample/ (CM/CAI) background (1)

Where, (Cm/Cal) sample IS assumed as ratio of hazardous element
concentration of (Cw) to that of aluminum (Ca) in the soil sample,
and (Cm/Cai) background iS the same reference ratio in the back-
ground sample. Enrichment factor value of toxic element is equal
to 1 indicate that toxic elements arise due to natural weathering
processes in the environment (Zhang and Liu 2002). When en-
richment factor is higher than 1.5 resulting of human interference.
Enrichment factor effects of metals known as minor, moderate,
severe, and very severe modification when enrichment factor val-
ue are 1.5-3, 3-5, 5-10 and >10 respectively (Birch and Olmos
2008).

2.4.2. Contamination factor (C'r)

Contamination factor is the ratio of the metal concentration in the
soil to that of baseline or background value:

(Cif) =C heavy metal /IC background (2)

The levels of contamination factor may be grouped into four clas-
ses ranged from 1 to 6 which are: low degree (C's <1), moderate
degree (1 < Ct < 3), considerable degree (3 < C't < 6) and very
high degree (Ct > 6) (Luo et al. 2007, Islam et al. 2015).

2.4.3. Geoaccumulation index (Igeo)

Geoaccumulation index (Igeo) is assumed as an impressive tool to
determine contamination degree from toxic metals. At present,
geoaccumulation index is used globally to assess soil pollution
(Santos et al. 2003). The most effective objective to determine
geoaccumulation index (lgeo) is to identify pollution level in soil.
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Geoaccumulation index (lgeo) may be assessed by applying equa-
tion given here by,

lgeo = |ng (Cn/l.SBn) (3)

Where, Cn is the determined element (n) concentration assessed
from soil, Bn is the geochemical baseline value of element n in
background sample (Yu et al. 2012). For decreasing possible vari-
ation in background values of element n, factor 1.5 is used to as-
cribe lithogenic effects.

2.4.4. Pollution load index (PLI)

Pollution load index is a compound system for determining the
quality of soil. Pollution load index can be determined for six
toxic metals like chromium, nickel, copper, arsenic, cadmium, and
lead (Suresh et al. 2011). Pollution load index may be measured
from a formula given here by:

PLI= (CF1 XCF2 xCF3 x .. . x CFp) U @)

Pollution load index is the result of total toxicity level of hazard-
ous metals in soil.

2.4.5. Potential ecological risk (PER)

The degrees of hazardous metals contamination in agricultural
soils are determined by PER index. The equations which were
used to calculate PER proposed by Guo and are as follows (Guo et
al. 2010):

ci=%.c,=Yc; 5)
C, i
El=T'xC!, pER:Zm:Ej (6)

i=1
Where, (j,‘f is contamination factor of individual metal, C'is
element content in soils samples and C; is metal baseline values.

The baseline value of chromium, nickel, copper, arsenic, cadmi-
um, and lead in soil samples were 45, 39, 33, 9.5, 0.95 and 27
mg/kg respectively. The integration of (;‘f for total elements rep-

resents the overall degree of pollution (C, ). E: Represent poten-

tial ecological risk index and Tri is the biological toxic factor of

single metal. The biological factors for chromium, nickel, copper,
arsenic, cadmium, and lead were 2, 6, 5, 10, 30 and 5, respectively
(Islam et al. 2014, Guo et al. 2010).

2.4.6. Toxic unit analysis

The sum of toxic units (XTUs) is considered as acute toxicity of
toxic metals in agricultural soils. Toxic unit analysis is stated as
the ratio of the assessed concentration of hazardous elements in
soil to probable effect level (PELS) (Islam et al. 2014, Zheng et al.
2008). Moderate to serious toxicity of hazardous elements remain
in soil when the sum of toxic units for all soil samples is more
than 4 (Bai et al. 2011).

2.5. Statistical analysis

SPSS 20.0 (SPSS, USA) was used for statistical analysis for this
study. Principal component analysis (PCA) was applied to address
the sources of toxic element in soil. Microsoft Excel 2013 was
used for other calculations.

3. Results and discussion

3.1. Physiochemical properties of soil

The physicochemical properties of soil are presented in Table 1.
The studied soils pH values were ranged from 5.69 to 7.54 indicat-
ing that soils were slightly acidic to neutral excluding the S5, S6,
S7, S8, S9, S10, and S13 site that were alkaline (Table 1) because
of decomposition of organic matter and subsequent formation of
carbonic acid. The highest values of soil pH were observed in S7
and S9 sites. Electrical conductivity (EC) value of the soil was
non-saline (0-2 dS/m; SRDI soil salinity class) for all sampling
sites which mean the salinity effect is negligible. The range of
organic carbon (% C) was 0.149 to 3.113, where the highest value
was observed in soil collected from the S3 site. According to the
United States soil texture classification system, the textural analy-
sis showed that the soil samples were loam, sandy loam, sandy
clay loam, and silt loam (Table 1).

Table 1: Physiochemical Properties of Soils Collected from Industrial Vicinity of Tangail District, Bangladesh

Sampling sites Sampleno.  pH (1:2.5 H20) EC (dS/m)  Organic carbon (%) Sand (% in <2 mm) Silt Clay  Soil type *
Tarutia,Tangail ~ S1 5.69 0.33 0.993 46.5 375 16 Loam
Tarutia, Tangail ~ S2 6.2 0.16 0.925 30.1 51.6 183  Siltloam
Tarutia, Tangail ~ S3 6.69 0.16 3.113 49.7 275 228  Sandy clay loam
Tarutia,Tangail  S4 6.78 0.7 0.725 63.5 225 14 Sandy loam
Tarutia, Tangail S5 7.27 0.07 0.817 69 15 16 Sandy loam
Tarutia, Tangail S6 7.01 0.13 0.713 74 9.1 16.9  Sandy loam
Tarutia, Tangail S7 7.54 0.23 0.822 535 341 124  Sandy loam
Tarutia, Tangail S8 7.18 0.36 1.874 55 29.1 194  Loam
Tarutia, Tangail ~ S9 7.4 0.2 0.699 535 316 149  Sandy loam
Tarutia, Tangail S10 7.17 0.27 0.214 52.2 30 17.8  Sandy loam
Tarutia, Tangail S11 6.85 0.54 0.217 63.5 25 11.5  Sandy loam
Tarutia, Tangail S12 6.24 0.2 0.215 57.4 29.1 133 Sandy loam
Tarutia,Tangail ~ S13 7.23 0.36 0.149 71 191 99 Sandy loam
Tarutia, Tangail S14 6.48 0.3 0.149 57.2 25 17.8  Sandy loam
Tarutia, Tangail S15 6.64 0.22 1.152 47.4 375 151 Loam

* According to the United states Department of Agriculture soil classification system.

3.2. Heavy metal contamination in soil

The heavy metals concentrations of (Cr, Ni, Cu, As, Cd, and Pb)
in soil samples are presented in (Table 2, Table 3, and Figure 2).
The mean concentrations of Cr, Ni, Cu, As, Cd, and Pb in soil
were found 11.56, 23.92, 37.27, 6.11, 2.01, and 17.46 mg/kg, re-
spectively (Table 3). The maximum value of Cr, Ni, Cu, As, Cd,
and Pb were observed in soil collected from the S3, S2, S5, and S1

site. Heavy metals in soils were compared with the other studies in
Bangladesh and other countries. Cr, Ni, As, and Pb concentrations
of the present study were higher than those of the study conducted
in Bangladesh, Spain, Turkey, and India (Table 3). The mean con-
centrations of Cu were above the Dutch Soil Quality Standard
(Table 3). The mean concentrations of Cd were above the Dutch
Soil Quality Standard and Canadian Environmental Quality
Guidelines value (Table 3). The Dutch Soil Quality Standard is
considered as the most appropriate guideline indicating all possi-
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ble exposure pathways for protecting humans, plants, and animals
(Chen et al. 2011). The soil is considered clean, if any metal con-
centration in soil is below its respective Dutch Target Value. The
soil is regarded to be slightly to moderately contaminated, if the
concentration level lies between the target values and intervention
values. In contrast, if the value is above the Dutch Intervention

Value, the soil is considered detrimental to humans, plants, and
animals. According to Table 3, Cu and Cd were in the worst situa-
tion among the studied metals as the mean concentration of Cu
and Cd was higher than the Dutch Target Value.
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Fig. 2: Concentration of Heavy Metals (Cr, Ni, Cu, As, Cd, and Pb) in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh.

Table 2: Metal Concentration (Mg/Kg) in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh

Sampling sites Sample no. Cr Ni Cu As Cd Pb
Tarutia, Tangail S1 12.18 32.18 69.54 6.31 2.13 34.94
Tarutia, Tangail S2 5.63 37.23 70.30 3.97 1.12 31.73
Tarutia, Tangail S3 33.65 92.17 18.11 2.50 0.50 18.60
Tarutia, Tangail S4 7.18 64.02 58.30 9.36 5.09 14.81
Tarutia, Tangail S5 11.79 38.63 60.70 9.93 8.47 25.82
Tarutia, Tangail S6 4.54 3.18 40.26 7.22 1.05 4.76
Tarutia, Tangail S7 17.10 4.49 37.48 7.04 1.25 5.51
Tarutia, Tangail S8 19.17 13.69 51.77 9.52 1.38 20.89
Tarutia, Tangail S9 5.41 8.19 38.64 6.99 1.85 22.36
Tarutia, Tangail S10 13.15 15.31 15.73 3.69 0.56 19.92
Tarutia, Tangail S11 4.59 15.79 16.50 8.70 1.40 14.74
Tarutia, Tangail S12 10.95 14.77 61.85 6.02 223 14.28
Tarutia, Tangail S13 13.42 474 4.48 3.03 0.60 6.94
Tarutia, Tangail S14 6.63 2.10 11.81 4.07 1.19 16.15
Tarutia, Tangail S15 8.01 12.32 3.56 331 1.38 10.43
Dutch standard?® 100 35 36 29 0.80 85
Canadian guidelines® 64 50 63 12 1.4 70
Australian guidelines® 50 60 60 20 3.0 300

A) VROM (2000). B) CCME (2003). C) DEP (2003).

Table 3: Comparison of Metal Concentration (Mg/Kg) in Soils of Present Study with Other Study and Guideline VValues

District (Country) Cr Ni Cu As Cd Pb References

. 1156 (4.54- 2392 (2.10- 37.27(3.56- 6.11(2.50- 2.01(0.50- 17.46 (4.76- «
Tangail, Bangladesh 33.65) 92.17) 70.30) 9.93) 8.47) 34.94) Present study
Tangail, Bangladesh 10.41 12.69 15.66 12.15 3.1 7.98 Proshad et al., 2017
Bogra (Bangladesh) 41 45 42 10 4.2 44 Islam et al., 2014
Maharashtra (India) 164 17 155 28 30 42 gB;‘r?S‘(‘ngff)d Mir-
Murcia (Spain) 18 14 11 NA 0.22 49 Acosta et al. (2011)
Kayseri (Turkey) 29 45 37 NA 25 75 a‘;ﬁ;“zg&gd'
Dutch Soil Quality Standard 100 35 36 29 08 85 VROM (2000)
(Target Value) ’
Duiigh SEIL oL Ly SETEEE 380 210 190 55 12 530 VROM (2000)
(Intervention Value)
Canadian Environmental Quality
Guidelines 64 50 63 12 14 70 CCME (2003)
Department of Environmental 50 60 60 20 3 300 DEP (2003)

Protection, Australia

3.3. Source analysis of heavy metal in soil

To identify the source of heavy metals in soils of several sampling
sites of the industrial area, a principal component analysis (PCA)
was conducted, which has been considered to be an effective tool
for source identification (Islam et al. 2015, Bai et al. 2011, Anju

and Banerjee 2012). Due to source analysis of heavy metals, three
principal components were obtained (Table 5), and those account-
ed for 96.96% of all the total variation. First principal component
(PC1) explaining the largest variance (58.17%); second principal
component (PC2) which explains 35.28% of the variance.
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Table 4: Correlation Coefficient Matrix for Physiochemical Properties of Soils and Heavy Metals Collected from Industrial Vicinity of Tangail District,

Bangladesh
pH EC Organic sand silt Clay cr Ni cu As cd Pb
carbon
pH 1
EC -0.62 1
Organic 0.46 0.18 1
carbon
sand 043 007  -0.95** 1
silt 015 007 022 0.12 1
Clay 045 022  -0.34 0.15 -0.29 1
cr 0.11 019  -0.15 0.01 0.06 0.77** 1
Ni 026 010 0.21 0.07 017  0.67** 0.54* 1
cu 034 006  -0.23 0.21 0.12 0.06 -0.12 0.24 1
As 0.27 0.31 0.38 -0.35 024 010 0.25 004  053* 1
cd 0.10 0.25 0.33 -0.33 010 008 -0.16 0.28 0.48 0.63* 1
Pb 047 011  -0.58* 0.50 025  0.19 0.22 0.36 0.57* 0.07 0.26 1

* = Correlation is significant at the 0.05 level (two-tailed).
** = Correlation is significant at the 0.01 level (two-tailed).

Table 5: Total Variance Explained and Component Matrices for the Heavy Metals in Soils Collected from Industrial Vicinity of Tangail District, Bangla-

desh
Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total GCRTIL Cumulative %  Total OCIRAZLE Cumulative %  Total GORTLE Cumulative %
ance ance ance
1 799.35 58.17 58.17 799.35 58.17 58.17 664.87 48.38 48.38
2 484.89 35.28 93.46 484.89 35.28 93.46 619.36 45.07 93.46
3 48.13 3.50 96.96
4 34.97 2.54 99.51
5 5.28 0.38 99.89
6 1.45 0.10 100
Elements Component matrix Rotated Component Matrix
PC1 PC2 PC3 PC1 PC2 PC3
Component matrix
Cr 2.55 -4.23 4.87
Ni 21.63 -13.04 24.28
Cu 17.15 16.73 23.92
As 1.28 1.32
cd 0.97 1.05
Pb 5.40 5.6

Extraction Method: principal component analysis.

3.4. Toxic unit analysis

Possible acute toxicity of heavy metals in soil samples can be
estimated as the sum of toxic units (XTUs), defined as the ratio of
the determined concentration of metal in soil to probable effect
levels (PELs) (Islam et al. 2015, Ahmad and Goni 2010, Zheng et
al. 2008). Toxic unit and sum of toxic units for heavy metals in
different soil sampling sites of industrial areas of Tangail district
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are presented in Figure 7. The sum of toxic units for the studied
metals for the sites S7, S2, and S9 was higher than the other sites,
which were in the similar trends of metal concentrations in soils. If
the sum of toxic units of soils was greater than 4, indicating a
moderate to serious toxicity of heavy metals (Bai et al. 2011). In
the studied soils, no samples were found which sum of toxic units
was higher than 4.
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Fig. 7: Estimated Sum of the Toxic Unit (TU) in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh.
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3.5. Ecological risk assessment

In this study, the enrichment factor (EF), contamination factor
(C'), geoaccumulation index (Igeo) and pollution load index (PLI)
were applied to assess the heavy metals contamination in soils.
The enrichment factor values for studied soils are presented in
Figure 3. Cd and Cu showed the highest enrichment factor value
indicates the soil pollution for all the sampling sites. As a whole,
the enrichment factor of all the studied metals for all sampling
sites were in the descending order of Cd > Cu > As > Pb >Ni > Cr.
Generally, studies have observed that little enrichment values
indicate a great contribution for crusted source to the soil, while
high enrichment factors indicate a substantial contribution from
anthropogenic sources (Islam et al. 2015, Rashed 2010, Yadao and
Rajamani 2006). Hakanson defines four types of contamination
factors (CF) (Hakanson 1980), four types of degree of contamina-
tion (Cd), five types of Ei, and four types of PER are presented in

Table 7. The contamination factor for individual metal was pre-
sented in Figure 4. In the studied area, contamination factor was
higher for Cu and Cd. Ige0o values of the present study are presented
in Figure 5. For all heavy metals in the studied samples for differ-

ent sampling sites, the lqeo Values indicated the decreasing order of
Cd>Cu>Pb>As>Ni>Cr. The mean of lgeo values for all the studied
metals for all sampling sites indicating the soils were slowly con-
taminated with heavy metals. The value of pollution load index
(PLI) equal to zero means perfection; a value of 1 indicates the
presence of only baseline level of pollutants and values above 1
indicate progressive deterioration of soil by heavy metals (Islam et
al. 2015, Proshad et al. 2017, Islam et al. 2014, Rashed 2010). As
per above grade, studied soils were highly contaminated by Cd
and it was observed that pollution load index (PLI) values of all
others heavy metals for all sampling sites were not more than one
(Figure 6). Combining the potential ecological risk index of indi-

vidual metals (E:) and the potential ecological risk index of the

environment (PER) (Table 6) with their grade classifications (Ta-
ble 7), soils from all sampling sites indicate the moderate to very
high potential ecological risk in the studied area. PER represents
the sensitivity of various biological communities, to toxic sub-
stances and illustrates the potential ecological risk caused by the

heavy metals (Islam et al. 2015). The order of Eri in soils was in
the following descending order of Cd> As> Cu> Ni> Pb>Cr.

51

Enrichment factor values

o

1z & B
—_

« 7 &

ér l\'li Cu

Fig. 3: Enrichment Factor (Cr, Ni, Cu, As, Cd, and Pb) in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh.
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Fig. 4: Contamination Factor (Cr, Ni, Cu, As, Cd, and Pb) in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh.
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Fig. 6: Pollution Load Index (PLI) Values in Soils Collected from Industrial Vicinity of Tangail District, Bangladesh.

Table 6: Potential Ecological Risk Factor, Risk Index and Pollution Degree of Heavy Metals in Soils Collected from Industrial Vicinity of Tangail Dis-

trict, Bangladesh

Potential ecological risk factor (E')

Sites cr Ni Cu As cd Ph Potential Risk (PER) Pollution degree
S1 2.17 19.80 42.14 26.55 268.69 25.88 385.2382 Very high risk
S2 1.00 22.91 42.60 16.69 141.20 23.50 247.9074 Considerable risk
S3 5.98 56.72 10.98 10.55 62.82 13.78 160.8233 Considerable risk
sS4 1.28 39.40 35.34 39.42 643.39 10.97 769.7945 Very high risk
S5 2.10 23.77 36.79 41.80 1069.77 19.13 1193.354 Very high risk
S6 0.81 1.95 24.40 30.38 132.02 3.52 193.0811 Considerable risk
S7 3.04 2.76 22.72 29.64 157.35 4.08 219.5978 Considerable risk
S8 341 8.42 31.38 40.10 174.11 15.47 272.8823 Very high risk
S9 0.96 5.04 23.42 29.43 233.68 16.56 309.0982 Very high risk
S10 2.34 9.42 9.54 15.54 71.10 14.75 122.6902 Moderate risk
S11 0.82 9.72 10.00 36.62 176.66 10.92 244.7326 Considerable risk
S12 1.95 9.09 37.49 25.33 281.78 10.58 366.2122 Very high risk
S13 2.39 2.92 2.72 12.75 76.34 5.14 102.2505 Moderate risk
S14 1.18 1.29 7.15 17.15 150.40 11.96 189.1432 Considerable risk
S15 1.42 7.58 2.16 13.94 174.50 7.72 207.3333 Considerable risk

Table 7: Indices and Grades of Potential Ecological Risk of Heavy Metal Pollution (Luo et al. 2007).

Contamination

Contamination degree

Degree of con-

Contamination degree

Grade of ecological risk

i - A
factor (C’y) of individual metal tamination (Cd) of the environment = of individual metal e
Cii<1 Low Cd<5 Low contamination E\ <40  Lowrisk RI<65 Low risk
- Moderate contamina- 40< E, . 65<RI Moderate
1
1<C%<3 Moderate 5<Cd<10 o <80 Moderate risk <130 risk
: . Considerable contami-  80< E! . . 130 <RI o
3<Cl<6 Considerable 10<Cd<20 . ~~ " Considerable risk - erable
nation <160 < 260 risk
160<
Ci>6 High Cd>20 High contamination = High risk RI> V_ery .
260 high risk
<320
i
= Very high risk
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4. Conclusions

Contamination of heavy metals (Cr, Ni, Cu, As, Cd, and Pb) was
investigated soils in the industrial vicinity of Tangail district in
Bangladesh. This study revealed that all soil samples from differ-
ent sites were heavily contaminated by heavy metals especially Cu
and Cd (80% and 60% samples exceed the Dutch Soil Quality
Target Value). The enrichment factor (EF), contamination factor
(C'), geoaccumulation index (lgeo), pollution load index (PLI),
toxic unit (TU) analysis revealed that soils in this study were high-
ly contaminated by the Cd. Heavy metals in soil for different sam-
pling sites showed moderate to very high degree of contamination.
For individual heavy metal, only Cd had very severe ecological
risk for most of the sites, whereas, the study area comprises high
potential ecological risk according to the ecological risk indexes
of heavy metals. However, it is necessary to further study to ex-
plain the reasons for the higher potential ecological risk caused
mainly by Cd in different industrial area soils of Tangail district in
Bangladesh.
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