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Abstract 14 

Present study was sketched to estimate the level of heavy metals (Cr, Fe, Cu, Zn, As and Pb) in the industrially 15 

affected soil, their source apportionment, degree of pollution and estimation of probable health risk by direct soil 16 

exposure and via dietary intake of vegetables grown in the affected soil. Mean concentrations of Cr, Fe, Cu, Zn, As 17 

and Pb was found 61.27, 27274, 42.36, 9.77, 28.08 and 13.69 and 0.53, 119.59, 9.76, 7.14, 1.34 and 2.69 mg/kg for 18 

affected soil and vegetable samples, respectively. The origin of Fe, Cu, Zn and Pb were found lithogenic, while Cr 19 

and As were anthropogenic. A moderate enrichment was noted by Cr, As, and Pb in the entire sampling site, 20 

indicating a progressive depletion of soil quality. Bioaccumulation factor (BCF) value for all the vegetables were 21 

recorded BCF<1; however Metal pollution index (MPI) value stipulate a pretty high value in the vegetable samples. 22 

Health effect on account of direct exposure of contaminated soils manifested more hazardous than dietary intake of 23 

heavy metal contaminated vegetables and children were found more vulnerable receptors compare to adults. 24 

However, this study can be used as a reference towards similar types of study to evaluate heavy metal contaminated 25 

soil impact on the population of Bangladesh and other countries as well. 26 
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The fundamental part of ecosystem is soil that supplies necessary nutrients to the living organisms. Soil receives 41 

different types of metals (heavy metal, toxic element, trace element) coming from various sources (anthropogenic 42 

and lithogenic), increasing their natural content, thus reducing the soil quality. However, as a reservoir, the soil itself 43 

is abundant of metals transported from biomass, atmosphere, and hydrosphere (Gbadamosi et al. 2018; Duan et al. 44 

2020), but when it exceeded the safe/threshold limit may provoking risk to human and ecosystem. Contamination of 45 

soil by metals becomes a prime concern worldwide, as heavy metals are non-degradable and affect the human body 46 

adversely. Among the anthropogenic sources; mining, smelting, industrialisation, agrochemicals, urbanisation, 47 

domestic wastes, and transportation are significant contributor, while for lithogenic sources; weathering and erosion 48 

of bedrocks and ore deposit are dominating  (Cai et al. 2012). However, the increasing concentration of heavy 49 

metals in soil predominantly affects the food chain and consumption of contaminated food makes the population 50 

vulnerable to health hazards (non-carcinogenic and carcinogenic) (Khan et al. 2014; Akter et al. 2019; Kumar et al. 51 

2020). 52 

Heavy metal (HM) contaminated soil may pose potential risks and hazards to humans by direct ingestion or contact 53 

with contaminated soil or inhalation of contaminated soil dust and via food chain. Thus, health risks arise from soil 54 

can be estimated by calculating various soil pollution indices of HMs, their soil-to-plant transfer factors, direct 55 

exposure level to human and their levels in edible food crops as well as health risk due to consumption of 56 

contaminated food crops. A numerous studies have been conducted all over the world and so as Bangladesh, to 57 

estimate health hazards by heavy metal contaminated soil (Chabukdhara et al. 2013; Jin et al. 2019; Gupta et al. 58 

2021; Rahman et al. 2021) and food contamination  (Jolly et al. 2013a; Hu et al. 2017; Islam et al. 2017; Jolly et al.  59 

2019; Quispe et al. 2021; Rakib et al. 2021a) individually but in this study health effect due to heavy metal 60 

contaminated soil and vegetables grown on the same industrially affected soil have been computed, moreover to 61 

ascertain the pollution degree, soil from a non-contaminated area having the similar soil texture were also analyzed 62 

to get a baseline soil data of that particular area and hence the novelty of the study. 63 

Ashulia, a neighboring community of Dhaka district (the capital of Bangladesh), which is a suburban area, and 64 

Savar is a nearby area having the same soil texture was targeted as the sampling sites. A vast number of paddy fields 65 

and agricultural lands are located in the study area. Ashulia Lake and two major theme parks of Bangladesh, 66 

namely "Fantasy Kingdom" and "Nandan Park", make it very popular to the tourist. A huge number of local and 67 

foreign tourists including children visited this area frequently. However, in the recent years, rapid urbanisation, 68 

establishment of garments factories, bricks fields and other factories deteriorated its beauty and reduced the 69 

farmlands. Frequent dumping of untreated solid and liquid wastes from the factories and brickfields to the 70 

agricultural land nearby makes them assailable due to the risk of metal accumulation into crops, vegetables and 71 

ultimately to human body. Thus this area has been chosen as a model to study the adverse effect of industrial 72 

establishments on agricultural land as well as on food crops and ultimately on human health. In this context, the 73 

present study was aimed to measure HMs (Fe, Cr, Cu, Zn, As, Pb) in soil affected by the industrial wastes and 74 

vegetables grown on affected soil, determination of pollution degree by estimating various indices and multivariate 75 

statistical analysis was employed to find out the possible pollution sources as well. Health risk owing to soil-human 76 

and soil- plant-human route was assessed and a comparison was made to ascertain which path is more vulnerable. 77 

Translocation of heavy metals from soil to edible parts of vegetables was also done to find out the metal extraction 78 

capability of the plants from a phytoremediation point of view.  79 

 80 

2 Material and Methods 81 

2.1 The study site and sample collection 82 

Ten industrially affected soil samples designated as IS1 (23°54'19.1"N 90°17'35.0"E), IS2 (23°54'19.9"N 83 

90°17'36.3"E), IS3 (23°54'16.3"N 90°17'38.2"E), IS4 (23°54'15.9"N 90°17'38.4"E), IS5 (23°54'16.1"N 84 

90°17'39.8"E), IS6 (23°54'12.4"N 90°17'37.3"E), IS7 (23°54'12.9"N 90°17'18.0"E), IS8 (23°54'35.6"N 85 

90°17'31.8"E), IS9 (23°54'42.6"N 90°17'31.1"E) and IS10 (23°54'47.0"N 90°17'30.3"E) were collected from the 86 

upper surface region (5–15 cm depth) of agricultural land of Ashulia, Dhaka (Fig. 1). A large number of industrial 87 

establishments comprised of local and foreign industries like fabric printing and dyeing, food processing, textiles, 88 

electric cables, pharmaceutical, chemical, etc., are located near the sampling station and wastes from those industries 89 

are dumped regularly. Also, five soil samples Ns1 (23°52'49.4"N 90°15'38.1"E), Ns2 (23°52'49.6"N 90°15'36.8"E), 90 

Ns3 (23°52'53.1"N 90°15'39.0"E), Ns4 (23°52'49.3"N 90°15'42.8"E)and Ns5 (23°52'54.6"N 90°15'38.6"E), having 91 

the similar soil texture, considered as control soil and used as background soil were collected from Jahangirnagar 92 

University area, Savar (Fig. 1), where anthropogenic input was completely absent. To evaluate contaminated soil 93 

https://en.wikipedia.org/wiki/Fantasy_Kingdom
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impact on human health via food consumption, 15 verities of vegetables namely Spinach, Cabbage, Red Amaranth, 94 

Coriander leaf, Tomato, Brinjal, Bean, Pumpkin, Bottle gourd, Papaya, Green banana, Cauliflower, Carrot, Radish, 95 

Potato were collected that have been grown in and around the industrially affected soil sampling sites (Fig. 1). 96 

 97 

 98 

 99 

 100 

 101 

 102 

Fig.1 Map of soil (control and affected) and vegetable sampling locations 103 

 104 

 105 

2.2 Sample preparation 106 

 107 

Each soil sample was sieved, dried to remove moisture and finally ground to fine powder. Vegetable samples were 108 

initially cleaned with tap water and rinsed with deionized water to remove any trace of ion, cut into small pieces, 109 

dried to remove moisture and the dried mass was ground to fine powder. Finally, 0.1 gm of each soil and vegetable 110 

sample in triplicate were pressed into a pellet of 0.7 cm diameter and 1 mm thickness using a pellet maker. The 111 

whole process is outlined following Jolly et al. (2013b) and Akter et al. (2019). 112 

 113 

 114 

 115 

 116 

2.3 Elemental analysis of soil and vegetable sample using EDXRF 117 

 118 
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Soil and vegetable samples were analysed for heavy metals (Cr, Fe, Cu, Zn, As, Pb) using Energy Dispersive X-ray 119 

Fluorescence (EDXRF) system. It's a non-destructive, multielemental, nuclear analytical technique, well suited for 120 

solid sample (soil, sediment, vegetables, foodstuff etc.) analysis. Many research works have been conducted with 121 

this technique for heavy/trace metal determination in environmental and food samples (Jolly et al. 2013a; Islam et al. 122 

2014; Jolly et al. 2017; Islam et al. 2017; Nabulo et al. 2011; Hossain et al. 2020; Sekara et al. 2005) as sample 123 

preparation is very simple, no chemical treatment or digestion is required, thus reducing system loss(Gallardo et al. 124 

2016), moreover accuracy and precision of the obtained data are excellent. However, the quality assurance and 125 

quality control (QA/QC) of the soil and vegetable data were addressed by using certified reference materials 126 

(Montana-1/2710a for soil and Orchard leaf/NIST 15710 for vegetable samples), where recovery percentage of 127 

heavy metals (HMs) in the samples ranged from 93% to 106%, and the relative error for standard reference materials 128 

was around 5%. The entire process was described elsewhere (Jolly et al. 2013b; Akter et al. 2019). 129 

 130 

2.4 Determination of HMs contamination status through indices for soil 131 

 132 

Soil pollution degree was measured by calculating Enrichment factor (EF), Geo-accumulation index (Igeo), 133 

Contamination factor (CF), and Pollution load index (PLI) as per Rakib et al. (2021b). whereas plant contamination 134 

levels were calculated by using Bioaccumulation Factor (BCFs) and Metal pollution index (MPI) as per Jolly et al. 135 

(2013a) and Hossain et al. (2020). The equation used to calculate the contamination indices are: 136 

EF =
(MeFe )  sample(MeFe )background                                                  (1) 137 

where, EF refers to enrichment factor, (Me/Fe)sample refers to the ratio of concentration between the studied metal and 138 

Fe in the sample of interest; (Me/Fe)background is the natural background value (control soil in this case) of measured 139 

metal to Fe ratio(Birch and Olmos 2008). However, EF lies in the classes as EF=1, crustal materials or natural 140 

weathering processes, EF<2 (Deficiency to minimal enrichment), 2≤EF<5 (Moderate enrichment), 5≤EF<20 141 

(Significant enrichment), 20≤EF<40 (Very high enrichment) and EF≥ 40 (Extremely high enrichment). 142 

Igeo= Log2× Cn  1.5Bn                                               (2) 143 

where, Igeo is the geo-accumulation index; Cn is the individual heavy metal concentration; Bn is the geochemical 144 

background value (Control soil value) and factor 1.5 is introduced to include possible variations of the background 145 

values due to the lithogenic effect (Muller 1969). Igeo value can be categorised (Martin and Meybeck 1979) as Igeo≤0 146 

(unpolluted), Igeo= 0-1 (unpolluted to moderately polluted), Igeo= 1-2 (moderately polluted), Igeo= 2-3 (moderately to 147 

strongly polluted), Igeo = 3-4 (strongly polluted), Igeo = 4-5 (strongly to extremely polluted) and Igeo = 5-6 (extremely 148 

polluted). 149 

CF=
Cm  sampleCm background                                           (3) 150 

where, CF is the contamination factor; Cm sample is the concentration of a given metal; Cm background is the background 151 

value of the metal (control soil) (Hakanson 1980). CF is categorised (Martin and Meybeck 1979) as CF<1 (low 152 

contamination), 1 ≤CF<3 (moderate contamination), 3≤CF<6 (considerable contamination) and CF≥6 (very high 153 

contamination). 154 

PLI = (CF1 × CF2 × CF3 × ……CFn)1/n            (4) 155 

where, PLI is the pollution load index; n is the number of metals to be analysed and PLI is categorised by Tomilson 156 

et al. (1980) as PLI < 1 denotes perfection; PLI=1 denotes baseline levels of pollutants; PLI>1 indicate deterioration 157 

of site quality. 158 

 159 

2.5 Apportionment of possible sources of soil pollution 160 

 161 

Multivariate statistical methods are usually applied to evaluate the complex eco-toxicological processes regarding 162 

the relationship and interdependency among the variables and their relative weights (Bartolomeo et al. 2004). In this 163 

study, a popular multivariate statistical method, principal component analysis (PCA) was employed to verify the 164 

significant relationships between heavy metals in the soil samples (Jolliffe and Cadima 2016) and cluster analysis 165 

(CA) was done to characterize notable variability among sites, using Euclidean distance for dissimilarity matrix and 166 

Ward's method as the linkage method (Rahman et al. 2021).Ward's method defines the proximity between two 167 

clusters as the increase in the squared error. 168 

The data obtained from this study were analyzed statistically using SPSS version 25.0 software (IBM SPSS Inc., 169 

USA), graphs were displayed with using Microsoft Excel 2019, and Box-whisker plots were plotted with OriginPro 170 
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software version 9.0. The analysis of variance (ANOVA) tests at a significance level of 95% were used to evaluate 171 

the impact of different variables on the contamination in the study area. PCA and CA were performed using SPSS. 172 

 173 

2.6 Determination of HMs contamination status through indices for vegetables 174 

 175 

Vegetable contamination levels were calculated by using Bioaccumulation Factor (BCFs) and Metal pollution index 176 

(MPI) as per Hossain et al. (2020) and Jolly et al. (2013a).  177 

 178 

2.6.1 Bioaccumulation Factor (BCFs) 179 

 180 

The equation (5) is used to calculate bioaccumulation factors (BCFs) of the heavy metals from soil to plant, 181 𝐵𝐶𝐹𝑠 = 𝐶𝑣𝑒𝑔𝐶𝑠𝑜𝑖𝑙                                                  (5) 182 

where, Cveg is the concentration of heavy metal in the vegetable (mg/kg, dw), and Csoil is the concentration of heavy 183 

metal in the soil (mg/kg, dw) (Guo et al. 2019). It is notable that the translocation abilities of the heavy metals from 184 

soil to the edible parts of the vegetables can be evaluated by this factor and BCF> 1 reveals the plant can effectively 185 

translocate heavy metals from soil to the edible portion of the vegetables (Hossain et al. 2020). 186 

 187 

2.6.2 Metal Pollution Index (MPI)  188 

 189 

This index was obtained by calculating the geometrical mean of concentration of all the metals in the analysed 190 

vegetable samples (Ureso et al. 1997; Jolly et al. 2013b). 191 𝑀𝑃𝐼 (𝑚𝑔/𝑘𝑔) = √𝐶𝑓1 × 𝐶𝑓2 × … … . 𝐶𝑓𝑛)𝑛
       (6) 192 

where, Cfn is the concentration of n number of metals in the sample. 193 

 194 

2.7 Human exposure and health risk assessment indices 195 

 196 

Heavy metal contaminated soil can affect human health in two pathways: 1) soil to human via direct soil (dust) 197 

exposure; 2) soil to food to human via consumption of vegetables. 198 

 199 

2.7.1 Soil to human health risk assessment 200 

 201 

Ingestion of particles (ADDing); inhalation (ADDinh); dermal absorption of metals via skin (ADDDermal) (Ihedioha et 202 

al. 2017) are the three main routes for human soil direct exposure and are evaluated by the equation suggested by US 203 

EPA (1989, 2001).Thus, the non-carcinogenic risk HQ for heavy metal contaminated soil was measured by using the 204 

Eq. (7): 205 

Hazard Quotient (HQ) = 
ADD RfD                      (7) 206 

where, ADD refers the dose due to the exposure of heavy metals (ADDinges+ADDinha+ADDderm) and RfD refers the 207 

heavy metal (HM) oral reference dose. RfD for ingestion: Fe=7.00E-01, Cr =3.00E-03,Cu=0.04, Zn=0.3, As= 208 

3.00E-04and Pb=0.0035; for inhalation: Cr= 2.86E-05, Cu=0.0402, Zn=0.3, As=3.01E-04and Pb=0.00352; for 209 

dermal contact: Cr=6.00E-05, Cu=0.012, Zn=0.06, As= 1.23E-04and Pb=0.000525 (Ihedioha et al. 2017;Onyele and 210 

Anyanwu  2018; Sun and Chen 2018; Rahman et al. 2019; Rinklebe et al. 2019). 211 

The non-carcinogenic effect for n number of heavy metals, on population, is the sum of all HQ's, represented as 212 

Hazard Index (HI), (USEPA 1989). Hence, it is mention-worthy that HI/HQ<1 denotes highly unlikely significant 213 

toxic interaction and HI/HQ>1 denotes potential non-cancer health effect (Enuneku et al. 2018). 214 

On the other hand, carcinogens risks (CR) are estimated by the Eq. (8): 215 

CR= 𝐿𝐴𝐴𝑑 × 𝑆𝐹                                           (8) 216 

where, LAAD= (LAAD ing,+ LAAD inh + LAAD derm) is the lifetime average daily dose expressed as a weighted 217 

average for each exposure path, SF is the slope factor for a particular carcinogenic element (US EPA 1996, 2001; 218 

Rahman et al. 2019) and SF value for ingestion, As=1.5, Pb=0.009; for inhalation, As=1.51+E01, Cr=4.20E+01; for 219 

dermal, As=3.66E+00, Cr=2.00E+01 (Rahman et al. 2019). Notably, the value within the range of 1.0E−04 and 220 

1.0E−06 are considered as an acceptable level (USEPA 1989) but when the value exceeds 1.0E−04 then, it is 221 

considered as a lifetime carcinogenic risk to the person exposed. Detailed of the indices (non-carcinogenic and 222 

carcinogenic) are computed in Table 1. Li et al. (2017) and Orosun (2021) suggested seven categories of risk due to 223 

exposure of carcinogenic metal:<1E-06 (level I, extremely low risk); 1E-06 to 1E-05(level II, low risk); 1E-05 to 224 
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5E-05 (level III, low-medium risk); 5E-05 to 1E-04 (level IV, medium risk); 1E-04 to 5E-04 (level V, medium to 225 

high risk); 5E-04 to 1E-03 (level VI, high risk); >1E-03 (level VII, extremely high risk). 226 

 227 

2.7.2 Soil to vegetable to human health risk assessment 228 

 229 

Estimated Daily Intake (EDI) of metals, Target Hazard Quotient (THQ), Hazard Index (HI), Cancer Risk (CR) and 230 

Total Cancer risk (TCR) are the indices addressed to estimate probabilistic risk due to consumption of vegetables 231 

grown in contaminated soil and detailed of the indices are computed in Table 2. 232 

 233 

3 Results and discussion 234 

 235 

3.1 Heavy metal contents in soil samples 236 

 237 

Concentration of heavy metals (Fe, Cr, Cu, Zn, As, Pb) in the industrially affected soil along with control soil is 238 

presented in Table 3. The ranges of the heavy metal in the affected soil are 68.19-51.18, 34900-21840, 51.78-32.24, 239 

57.94-44.88, 37.34-18.19 and 18.53-9.03mg/kg for Cr, Fe, Cu, Zn, As and Pb respectively. The mean value of Cr, 240 

Fe, Cu, Zn, As and Pb in control soils are 13.45, 21570, 32.43, 35.33, 6.03, 5.61 mg/kg respectively (Table 3). 241 

Compared to control soil, affected soil ascertained a higher value (Table 3), however, the mean value of industrially 242 

affected soil can be ranked as Fe>Cr>Zn>Cu>As>Pb. According to "World soil average" reported by Kabita-243 

Pendias (2011), the value of Cr, Zn, Cu, As and Pb are 59.5, 70.0, 38.9, 6.83 and 27.0 mg/kg, respectively and hence 244 

the measured value is higher except for Zn and Pb (Table 3). Jiang et al. (2014) and Toth et al. (2016) believed that 245 

the soil of old and more industrialized areas are comparatively high in elemental concentration. However, 246 

Antoniadisa et al. (2019) reported mean concentration of Fe, Cr, Cu, Zn, As, Pb as 31488, 438.29, 39.78, 69.23, 247 

100.33, 2.45 mg/kg, respectively in soil samples of an industrial area of Volos, Greece. Meanwhile, Rahman et al. 248 

(2021) reported mean concentrations of Fe, Cu, Zn, and Pb were 21163, 40.2, 77.0 and 19.5 mg/kg respectively, in 249 

the topsoil samples collected from schools of different locations in Dhaka city, Bangladesh. Furthermore, Jolly et al. 250 

(2013b) also reported mean concentration of Fe, Cr, Cu, Zn, As and Pb were 34500, 58, 53, 98, 41 and 15 mg/kg, 251 

respectively, in the surface soil of Ishwardi, Pabna, Bangladesh, which was higher than the present study except Cr. 252 

Nevertheless Gupta et al. (2021) observed concentration of Zn, Pb, Cu and Co as 44.43, 14.62, 14.66 and 8.96 253 

mg/kg in the agriculture soil sample of North India, which are almost consistent with the present findings. 254 

 255 

3.2 Evaluation of pollution level in the studied soil 256 

 257 

Environmental ecological risk by the HMs (Cr, Fe, Cu, Zn, As, Pb) were assessed by calculating single indices like 258 

enrichment factor (EF), geo-accumulation index (Igeo), contamination factor (CF) and integrated index PLI. The 259 

estimated values for EF, Igeo and CF are computed in Table 4.Measured EF value ranges from 2.80-4.754, 0.823-260 

1.491, 0.795-1.446, 1.646-4.957, 0.995-3.262 for Cr, Cu, Zn, As and Pb among the sites, respectively (Table 4). 261 

According to Mohammad et al. (2015), when EF<1.5, the elements are most likely earth's cluster origin, resulting 262 

from natural processes. In this study, Fe showed enrichment factor 1 for all the sites, indicating cluster metal, 263 

coming from weathering practice (Kormoker et al. 2019). Cr and As were found to show moderate enrichment 264 

(2≤EF<5) for all the sites, indicating anthropogenic impact (Birch and Olmos 2008), while Pb showed miscellaneous 265 

enrichment values (Table 4) among the sites of the study area, indicating both cluster and anthropogenic origin. 266 

Furthermore, Cu and Zn showed enrichment <2 for all sites, indicating deficiency to minimal enrichment and of 267 

geological origin. In a literature Zhang et al. (2016) reported, ranges of EF values were 1.10 - 10.95, 4.45 -18.95, 268 

0.71 -2.77, 0.76 -1.67, 0.73 - 2.28, 0.55 - 2.09 and 0.80 -2.09 for As, Cd, Cr, Cu, Ni, Pb and Zn respectively in the 269 

soils along a wetland-forming chronosequence in the Yellow River Delta of China. Rahman et al. (2021) also 270 

reported the average EF values of Cu, Zn, As, Pb were 1.96, 1.29, 2.98, 1.23 respectively, in soils of the Dhaka city 271 

schools, Bangladesh. 272 

The assessment of heavy metal contamination in soil based on the geochemical background of the metal can be 273 

calculated by evaluating Igeo value (Weissmannova et al. 2019). Present study calculated Igeo for Fe, Cr, Cu, Zn, As 274 

and Pb, and it was found to vary from element to element. The result revealed Igeo=0-1, for Fe for the sites IS6 and 275 

IS10 indicating unpolluted to moderately polluted by Fe, but in all other sites, Igeo<0 for Fe (Table 4), indicating 276 

minimal anthropogenic effects and recommended unpolluted by Fe. In case of Cu and Zn, Igeo= 0-1 was found in the 277 

site IS6, IS7, IS10 and IS6, IS8, IS9, respectively, indicating unpolluted to moderately polluted status by the 278 

elements. At the same time, Igeo<0 was measured in the sites IS1, IS2,IS3, IS4, IS5, IS8, IS9 and IS1, IS2, IS3, IS4, 279 
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IS5, IS7, IS10, for Cu and Zn respectively, stipulating no pollution. In contrast, Cr, As and Pb showed Igeo= 0-1 for 280 

all the soil samples, recommended unpolluted to moderately polluted by Cr, As and Pb. In a previous study Igeo 281 

value for different soil samples of Dhaka city of Bangladesh was found  in the range of  -0.41 to 0.68, 0.77 to 1.68, -282 

0.47 to 1.14, 1.52 to 2.02, -0.64 to 0.75, 2.91 to 4.13, -0.03 to 0.85, -1.37 to 0.27, -0.33 to 1.16, -4.03 to 0.08, and -283 

1.93 to 0.90 for Fe, Cu, Zn, As, Pb, Ti, Rb, Sr, Zr, K and Ca respectively (Rahman et al. 2021), which are almost 284 

similar to the present findings. However, Negahban et al. (2021) reported an Igeo range of 1.20–0.57, 1.32–0.98, 285 

2.97–0.88 and 1.26–0.58 for Cu, Zn, Pb, and Cd, respectively in soils of a large alluvial fan located in Neyriz, Iran, 286 

which was higher than the present study. 287 

The contamination factor (CF) of the studied HMs are summarized in Table 4, which revealed all the sites are 288 

considerably contaminated by Cr (3.805-5.070); considerable to very highly contaminated by As (3.017-6.192), 289 

moderately contaminated by Fe (1.060-1.618), Cu (0.994-1.597), Zn (1.270-1.640) and Pb (1.610-3.303) but 290 

somehow in some sites (IS2, IS4, IS7) Pb showed  CF value 3≤ CF<6 and hence appraising considerable 291 

contamination. Prosad et al. (2021) also estimated considerable contamination by Pb, low- moderate contamination 292 

by Ni and As, and low-moderate-considerable contamination by Cu and Pb in Daulatpur soil of Kushtia district, 293 

Bangladesh. However, Zabir et al. (2016) reported a higher level of CF value (CF>5) for Pb, Rb, Mg and Zn in soil 294 

samples adjacent to Bhaluka Industrial Area, Mymensingh, Bangladesh. 295 

Pollution load index (PLI) was calculated to assess the integrated index of pollution by heavy metals in the 296 

contaminated soil, which is depicted in Fig. 2. PLI values were observed in the decreasing order of IS6 297 

(2.326)>IS8(2.307)>IS4(2.291)>IS10(2.287)>IS7(2.285)>IS5(2.265)>IS9(2.231)>IS2(2.130)>IS1(2.009)>IS3 298 

(1.927) and found PLI>1 for all the sites indicating high load of HM in the sampling site and progressive 299 

deterioration. Prosad et al. (2021) reported a low-level PLI value (PLI<1) for the heavy metals Cr, Cd, Cu, Ni, As 300 

and Pb in the soil samples of different area of Kushtia and Jinaidah district of Bangladesh. 301 

 302 
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Fig. 2 Pollution load index of the sampling sites of the study area 305 

 306 

3.4 Apportionment of possible sources of soil pollution 307 

 308 

Cluster analysis is designed for the better identification of a distinguishable group of items at the sampling site 309 

against the detected parameters with respect to notable variability (Rakib et al. 2021b). The extent of contamination 310 

can be depicted by cluster formation as identical sited are clustered in one group and unalike sites are clustered in 311 

another group (Rahman et al. 2021).  Two-way hierarchical cluster heatmap and dendrogram, developed by the 312 

Ward linkage method with Euclidean distance, were used in this study and the obtained results are presented in Fig. 313 

3.  314 
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In the vertical portion, the dendrogram provided two clusters: As, Zn, Fe Cu and Cr had been confined in cluster 1, 315 

and Pb was displayed in cluster 2, which mostly confirmed in line with the PCA result. Such findings strongly 316 

confirmed a similar origin of the selected metal elements. In contrast, the horizontal dendrogram rendered three 317 

clusters, where IS1, IS9 and IS3 imparted to cluster 1; IS10, IS7, IS6 and IS5 imparted cluster 2 , IS2, IS4 and IS8 318 

imparted cluster 3. 319 

The principal component analysis (PCA) was conducted to determine the correlation and retrospective sources of the 320 

tested elements (Hossain et al. 2021; Rakib et al. 2021b). The corresponded PCA was executed following rotated 321 

component plot concerning the loadings depicted in Fig. 4. The PCA plot was based on the eigenvalues greater than 322 

1, and the relations were apparent. In Fig. 4, all the metal contents moved toward the positive direction of the axis 323 

PCA1, which revealed that they were associated, each other (Wei et al. 2018). The executed PCA resulted in two 324 

corresponding factors; PC1 contributed 41.5%, while PC2 rendered 21.1% of the total variance. Cr was at 0.8 325 

substantial positive loads, indicating an anthropogenic source of contaminants, and Zn, Pb and As were also 326 

positive, but below 0.5 indicated moderate loadings. In contrast, Fe and Cu were found negative loadings where Cu 327 

value indicate strong loadings (-0.7) reflecting a lithogenic sources. 328 
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Fig.3 Hierarchical cluster diagram of sites of industrially affected soil samples (the distance reveals the degree of 332 

association between different sites based on the dissimilarity of heavy metals concentrations in soil samples) 333 
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 335 

Fig.4 Heavy metals pollution source identification by PCA in the soil samples 336 

 337 

3.5 Heavy metal contents in vegetable samples 338 

 339 

Concentration of HMs (Fe, Cr, Cu, Zn, As, Pb) in the examined vegetable samples are illustrated in Table 5. The 340 

ranges of Fe, Cr, Cu, Zn, As and Pb in vegetable sample were 368.11(radish)-45.78 (potato), 2.11 (red amaranth)-341 

0.21(potato), 19.39(spinach)-7.21(papaya), 5.35(Tomato)-2.86(radish) and 9.41(potato)-1.67(Bean) mg/kg, 342 

respectively. In a previous study, Jolly et al. (2013b) reported a different trend of metal distribution in the same 343 

vegetables of Iswardi, Bangladesh. The relative abundances of HMs in vegetable samples can be expressed as, 344 

Fe: RD>RA>CO>CAB>CF>TO>CAR>BE>BG>GB>PA>BR>PP>SP>PO;  345 

Cr: RA>SP>CAB>RD>TO>CO>CF>PP>BG>GB>CR=PO>BR=BE=PA;  346 

Cu: SP>BG>BR>PO>CAB>CO>BE>CAR>PP>TO>RA>CF>RD>GB>PA;  347 

Zn: CO>RA>SP>BG>BR>PP>CAB>BE>RD>TO>PA=GB>CF>PO>CAR;  348 

As: TO>RA>SP>CAB>RD>CO=BR=BE=PP=BG=PA=GB=CF=CAR=PO ;  349 

Pb: PO>BG>PP>BE>SP=CAB=RA=PA=GB=CAR=TO. 350 

Food and Agriculture Organization and the World Health Organization (FAO/WHO 2011) recommended the safe 351 

value for heavy metals in the vegetable samples and it was found that Cr and Cu for all the vegetables were within 352 

the legislative limit, but  As and Pb found to show a value many-fold higher than the recommended value (Table 353 

5).The high level of Pb and As in the plant species may be explained by the pollutant present in irrigation water, 354 

land texture or due to pollutants from highway traffic and the industrial establishment around the sampling site 355 

(Akinola and Njoku 2007). However, Pb and As are highly toxic elements, and their dietary intake via vegetables 356 

may pose both acute and chronic poisoning and can affect liver, kidney, vascular tissue, skin and the immune system 357 

adversely (Sattar et al. 2016). It is noticeable that studied HMs are distributed in vegetables in a scattered way, 358 

which may be issues of crop species variation, growth period of crops, various metal uptake capabilities of crop 359 

plant, and the part used for the edible purpose (Amin et al. 2013). In a study, Tsafe et al. (2012) observed Pb, Cu, 360 

Zn, Cr, Cd and Fe concentrations as 29.66, 1.13, 68.91, 16.73, 0, 97, and 195.25 mg/kg in different varieties of 361 

vegetables grown in Yargalma, Northern Nigeria and Adedokun et al. (2017) reported a lower value of Cu, Zn, Ni, 362 

while a higher value of Cd, Pd Cr than the threshold value suggested by WHO/FAO in some leafy vegetables 363 

cultivated in floodplains and farmland of Lagos, Nigeria. 364 

 365 
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3.6 Metal Pollution Index (MPI) 368 

 369 

The overall heavy metal pollution in the studied vegetables is estimated by calculating MPI (Table 5). The highest 370 

MPI value was found for Papaya (14.765) and lowest for pumpkin (4.782), and both belong to fruit vegetables. 371 

However, leafy vegetables like spinach (8.120), cabbage (7.905), red amaranth (11.713) and coriander (9.588) pose 372 

a comparatively high MPI value, which was well agreement with the findings of Kashem and Singh (1999). Ahmed 373 

and Goni (2010) also reported that leafy vegetable accumulates the highest level of heavy metals, which was 374 

supported by Song et al. (2015), who believed the ability of leafy vegetables to transfer metals from soil in different 375 

parts of the plant is higher than the fruit vegetables. However, in this study, no particular trend was observed for 376 

leafy or non-leafy vegetables and hence, the variation of MPI value can be explained by variable uptake capacity of 377 

HMs by the plant, morphology and physiology, exclusion, accumulation and retention etc. Furthermore, MPI values 378 

for all the vegetables were found relatively high and can be attributed to the presence of a high level of heavy metal 379 

in the soil they have grown and suggested to avoid consumption. 380 

 381 

3.7 Bioaccumulation Factor (BCFs) 382 

 383 

Transfer of HMs from soil to plant (BCFs) depends on the soil physicochemical characteristics, types of HM 384 

accumulate and plant species (Naser et al. 2012).Heavy metal transfer from soil to crops causes many agronomic, 385 

environmental and human health problems (Rattan et al. 2005; Jolly et al. 2016;Wang et al. 2019). Many researchers 386 

have reported that many plant species can tolerate and bio-accumulate high levels of heavy metals in their tissues 387 

(Yoon et al. 2006; Kumar et al. 2015). Likewise, Lettuce (Lactuca sativa), a leafy vegetable popularly consumed by 388 

humans, accumulates high concentrations of Zn,Cu, Cd, Cr, La, Fe, Ni, Mn, Pb, Ti, Sc and V (Malandrino et al. 389 

2011). In this study, bioaccumulation factors (BCFs) of six heavy metals (Fe, Cr, Cu, Zn, As Pb) from soil to edible 390 

portion of different vegetables are calculated and obtained results are computed in Table 6, which revealed BCF 391 

values varied considerably in different species of vegetables. Comparatively, a higher BCF value is found for Cu, 392 

Zn, As and Pb and hence the ranges are 0.4577-0.1702, 0.2475-0.0796, 0.1581-0.1019, 0.6874-0.1220, respectively. 393 

Sultana et al. (2015) reported that a BCF value of 0.1 is the indication of excluding elements from their tissues and 394 

when the BCF value is more than 0.2, there is great possibility for metal contamination of vegetables by 395 

anthropogenic sources. It is mention-worthy that BCF value for As in Spinach, Cabbage, Red Amaranth, Tomato 396 

and Radish are comparatively high and can be considered as arsenic (As) extractor while, Coriander, Brinjal, Bean, 397 

Pumpkin, Bottle gourd, Cauliflower, Radish and Potato are Lead (Pb) extractor (Table 6). However, BCF values of 398 

Cu and Zn range from 0.1702-0.4577 and 0.079-0.2475 respectively but all the vegetables showed very low BCFs 399 

values for Fe (0.0135-0.0017) and Cr (0.0344-0.0034), indicating less effective translocation capacity. Nevertheless, 400 

all the studied vegetables had a BCF value <1, indicating, accumulation of heavy metals (Fe, Cr, Cu, Zn, As, Pb) by 401 

the plants' species are relatively low and less effectively translocate from soil to the edible portion of the vegetables 402 

(Hossain et al. 2020). 403 

 404 

3.8 Impact of HMs contaminated soil on human health 405 

 406 

The adverse effect of HMs contaminated soil on human health (carcinogenic and non-carcinogenic) through 407 

ingestion, inhalation and dermal contact and health risk (carcinogenic and non-carcinogenic) due to consumption of 408 

HMs contaminated vegetables for both adult and children are calculated and computed in Table 7. 409 

 410 

3.8.1 Soil to Human risk assessment 411 

 412 

In this study, health risks due to direct soil exposure are calculated considering average metal concentrations (Fe, Cr, 413 

Cu, Zn, As, Pb) of affected soil in the ten sampling site (Table 7). In case of ingestion route the highest HQ value 414 

was found for As (adult: 6.59E-02; child: 6.15E-01) and lowest for Zn (adult: 1.17E-04; child: 1.09E-03). In 415 

contrast, for the path inhalation, maximum HQ value was found for Cr (adult: 2.27E-04; child: 3.78E-04) and 416 

minimum for Zn (adult: 1.72E-08; child: 2.89E-08), while for dermal contact maximum HQ value was found for As 417 

(adult: 6.72E-03; child: 4.66E-02) and minimum for Zn (adult: 8.01E-07; child: 5.74E-06) respectively. However, 418 

the possible non-carcinogenic risk effect of HMs contaminated soil exposure (HQsoil) through all three paths can be 419 

ranked in the order of As>Fe>Cr>Pb>Cu>Zn for adult, with a similar trend for child as well, but each case,  420 

estimated value was found higher in children compared to adult (Table 7), which can be attributed by higher 421 

respiration rates per unit body weight, unawareness, unconscious hand-to-mouth activities with contaminated soils, 422 

and immature detoxification capabilities (Xiao et al. 2017) of children. Nevertheless, HQsoil for all the calculated 423 
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elements were found <1 for adult and child (Table 7), indicating low risk (Xiao et al. 2017). A similar trend was 424 

reported by Prosad et al. (2021) in the soil samples collected from Jhenidah and Kushtia district Bangladesh. 425 

However, it is noticeable that the ingestion pathway dominated over the dermal and inhalation pathway for both the 426 

population group and these results are in well agreement with the findings of Olawoyin et al. (2012); Chabukadhara 427 

et al. (2013); Hu et al. (2017); Jin et al. (2019); Kumar et al. (2019) and Rahman et al. (2019). The lifetime cancer 428 

risk (CR) for the carcinogenic metals Cr, As, Pb (IARC 2011) have been calculated for all three paths (ingestion, 429 

inhalation, dermal contact) and the respective CR values are summarised in Table 7. Calculated CR value (Table 7) 430 

for heavy metal Cr was found 2.69E-07 and 9.74E-06 for adult and child respectively, which is level I contamination 431 

for adult, indicating extremely low risk and completely acceptable, whereas for child the contamination level is II, 432 

which is low in risk and suggested not to eager about the probable risk (Li et al. 2017; Orosun 2021). Furthermore, 433 

CR value for Arsenic (As) was found 2.07E-05 for adult, which is a level III contamination, indicating low-medium 434 

risk but not to mindful about the risk and CR value for As in child was found 3.00E-04, a level V contamination, 435 

indicating medium-high risk and suggested to care about the risk and to take necessary action (Li et al. 2017; Orosun 436 

2021). On the other hand, CR value for Pb is 8.68E-08 and 8.10E-07 for adults and children respectively, which was 437 

in Level-I category, indicating extremely low risk and lied within the acceptable range (Li et al. 2017; Orosun 438 

2021).In a study, Rahman et al. (2019) found CR value for Cr and As in the range of 2.97E-06 to 5.49E-06 and 439 

5.61E-07 to 1.28E-06 respectively in the soil dust sample of Dhaka city. A lower CR value was also reported by 440 

Kormoker et al. (2019) for child and adult for the industrially affected agricultural soil of different areas of Jinaidah 441 

and Kushtia of Bangladesh. Furthermore, Rahman et al. (2021) estimated CR value in soil samples of different 442 

schools of Dhaka, Bangladesh and found 1.41E-09 and 4.323E-09 for adults and child, respectively. However, in the 443 

present study, lifetime cancer risk (CR) is found higher in children than adults in each case, which is consistent with 444 

the finding by Proshad et al. (2021), where the calculated CR values were 9.96E-04 and 1.81E-05 for As and Pb, 445 

respectively, for the child, while those for adults were 4.16E-04 and 4.50E-06 respectively in the agricultural soil of 446 

Jhinaidhah and Kushtia district of Bangladesh. 447 

 448 

3.8.2 Soil to Vegetable to Human risk assessment 449 

 450 

In general, a variety of vegetables are consumed by different population segments throughout the year. Thus, 451 

estimation of the average intake of metal from the different varieties of vegetables is more realistic, therefore, the 452 

mean concentration of metals (Fe, Cr, Cu, Zn, As, Pb) in the 15 varieties of vegetables are considered for the 453 

calculation of health risk indices (EDI, THQ and CR) in this study (Table 7) for both the population group. The 454 

trend for estimated daily intake of metal (EDI) from consumption of vegetables are Fe(1.52E-04)>Cu(1.24E-455 

05)>Zn(9.80E-06)>Pb(3.42E-06)>As(1.70E-06)>Cr(6.70E-07) and Fe(2.39E-04>As(2.70E-05)>Cu(1.95E-456 

05)>Zn(1.40E-05)>Pb(5.00E-06)>Cr(1.00E-06) for adult and child (Table 7) respectively. The EDI of heavy metals 457 

via dietary intake of vegetables grown around Pb/Zn smelter of southwest china among different population groups 458 

was found in the decreasing order of Zn>Cu>Pb>As (Guo et al. 2019). Estimated THQ value for the studied 459 

vegetables for adult and child were found 2.17E-04, 5.00E-06, 4.1E-05, 3.00E-05, 5.68E-04, 1.71E-03 and 3.42E-460 

04, 8.00E-06, 6.50E-05, 4.80E-05, 8.93E-04, 2.69E-03, for Fe, Cr, Cu, Zn, As, Pb respectively and all the values 461 

were below the unity (<1), indicating no potential non-cancer risk from the vegetables upon consumption by both 462 

the population group. However, it is mention-worthy that, in each case, the THQ values for children are higher than 463 

the adult. This scenario is also consistent with the findings of Chen et al. (2018) and Quispe et al. (2021). In a 464 

previous study, Jolly et al. (2013b) reported to found THQ value for Fe, Cu, Cr, Pb, and Zn were 0.462, 0.512, 465 

0.0003, 0.767 and 1.558, respectively, from the vegetable samples collected from Rooppur, Pabna, Bangladesh, 466 

which were much higher than the present value. Measured CR value for the carcinogenic element Cr, As, Pb was 467 

found 2.01E-09, 2.55E-08, 2.92E-08 for adult and 3.16E-09, 4.02E-08, 4.58E-08 for child respectively. All the CR 468 

values are below the threshold limit of >1E-06 and according to Li et al. (2017), CR values lie in the Level-I 469 

category in an extremely low-risk zone and are acceptable. Similar findings were also reported by Urrutia-Goyes et 470 

al. (2017) and Bourliva et al. (2016) in the vegetable samples of the contaminated area. In contrast, Proshad et al. 471 

(2021) reported that crops  grown in Jhinadah and Kashia, Bangladesh, are polluted with Cd, As, and Pb and pose 472 

lifetime carcinogenic risk for both the populations. 473 

 474 

3.8.3 Comparison of contamination pathway 475 

 476 

A comparison between soil-human and soil-vegetable-human exposure pathways was made to evaluate the most 477 

vulnerable path of heavy metal for the human body and depicted in Fig. 5.  The non-carcinogenic health risk 478 

accounting by direct soil exposure and vegetable consumption by calculating the Hazard Index (HI) revealed  1.19E-479 
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01 and 1.09E+00 for adults and children respectively (Fig.5). Lemly (1996) and USEPA (1989) categorised HI 480 

value as <0.1, 0.1<HI<1,  1<HI<4 and HI>4 for negligible, low significant health effect,  medium significant health 481 

effect and  a very high risk respectively. However, HI for adult lied 0.1<HI<1, indicating low significant health 482 

effect, while for the child, HI>1 indicating medium significant health risk. In contrast, HI, accounting for vegetable 483 

consumption, was measured 2.57E-03 and 4.05E-03 for adults and child respectively (Fig.5), appraising HI<1 and 484 

revealed no risk. Similarly, total lifetime carcinogenic risk value (TCR) for soil and vegetable for both the 485 

population group were estimated (Fig. 5) and for direct soil, exposure was found 3.01 E-05 and 3.11E-04 for adults 486 

and children respectively, indicating low to medium risk for adult and medium to high risk for children, (Li et al. 487 

2017; Orosun 2021). However, the TCR value derived for vegetable consumption was estimated 5.67E-08 and 488 

8.91E-08 for adults and child, respectively, which lied in the Level-I category and posed extremely low risk. Thus it 489 

can be ascertained that soil to the human path is more hazardous than soil-vegetable-human path. 490 

 491 

 492 

 493 

 494 

5(a)                                                                                    5(b)                                                        495 

 496 

Fig. 5(a,b) Box-whisker plot showing non-carcinogenic and carcinogenic risk assessment by heavy metal 497 

contaminated soil and vegetables in adults and children  498 

 499 

 500 

4. Conclusion 501 

 502 

This study has assessed heavy metal contamination in the soil of an agricultural land adjacent to an industrial zone 503 

of Ashulia, Savar, Bangladesh and their accumulation in the cultivated vegetables on that field. The elevated level of 504 

HMs (Fe, Cr, Cu, Zn, As, Pb) were found in the industrially affected soil compared to control soil and the estimated 505 

value of EF, Igeo and CF supported this statement, moreover, calculated PLI value showed a value greater than unity 506 

for all the soil samples, indicating progressive decrease in soil quality. Multivariate statistical analysis ascertains that 507 

Fe and Cu have lithogenic sources, whereas Zn, Cr, As, and Pb come from anthropogenic activities. However, the 508 

concentration of all the measured HMs in vegetables found within the legislative value suggested by FAO/WHO, 509 

2011 except As and Pb. Comparatively, a high level of MPI value was measured in all verities of  vegetables and 510 

can be ranked as PA>BR>RA>BE>CO>RD>SP>CA>TO>PO>CF>GB>BG>CA>PP. Calculated BCF value 511 

showed values lower than unity for all the elements indicating low HMs uptake capacity by the plant; however, BCF 512 

values are found near to unity by Potato (0.6874), Radish (0.5435), Coriander (0.5157), Brinjal (0.4711) and 513 

cauliflower (0.3156) for Pb. Estimated HQ via direct soil exposure can be ranked as HQing>HQderm>HQinhel 514 

regardless of age and HQ values for all the elements in the entire three pathways for adult and child were <1, 515 
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indicating not to pose any health effect. Similarly, HQ via vegetable consumption was found below unity for both 516 

the population group and recommended safe. Nonetheless, HI value via direct soil exposure was measured <1 for 517 

adults and >1 for child, on the other hand, total lifetime carcinogenic health risk (TCR) for adults lied within level II 518 

(1E-05 to 1E-06) but in Level-V(1E-04 to 5E-04) for children, stipulated medium to high risk. In contrast, HI and 519 

TCR values for both the population group via dietary intake of vegetables collected from the industrially affected 520 

soil site found within the safe zone.  521 
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