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Abstract 

The purpose of this study was to evaluate risk of toxic elements in vegetables, associated soil and ground water 

samples collected from the surroundings of Larkana city, Sindh, Pakistan. The level of four toxic elements, such 

as chromium, cadmium, copper, and arsenic were determined in vegetables, soil and groundwater. The toxic 

elements were measured by using inductively coupled plasma optical emission spectrometer after microwave 

digestion system. The severity of toxic elements is evaluated through estimated daily intake, bioaccumulation 

factor and target hazard quotient. It was revealed that the estimated daily intake and target hazard quotient of all 

four examined trace and toxic elements Chromium, Cadmium, Copper, and Arsenic in vegetables samples were 

within the limits. Cadmium in groundwater was found 0.005mgL-1 which is more than Word Health 

Organization tolerable permissible limits. The order of Targeted hazard quotient and Estimated daily intake 

values of the examined toxic elements were Cd < Cr < Cu < As and As < Cd < Cr < Cu. It is revealed that the 

targeted hazard quotient and estimated daily intake in all vegetables samples were less than 1. It indicates that 

there is no serious impact of these toxic elements to the local inhabitants. 
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Introduction 

Vegetables are important diet of food used by human 

beings across the world. These are cheapest, most 

abundant and fresh sources of our food. About thirty 

five different types of vegetables are grown in 

Pakistan, in which tomato, round melon, lady finger, 

brinjal, green chili, bitter gourd and cauliflower are 

common (Jamel Ahmed Baig et al., 2012).The most 

important foodstuff is mutton and chicken, yet 

different vegetables are being preferred and ate by 

many people in Pakistan for lunch and dinner. 

Vegetables provide fiber, minerals and vitamins, 

which helps to maintain the level of cholesterol in 

blood, and reduce cardiovascular diseases and 

digestion problems (Joanne L et al., 2012). 

 

Vegetables are considered as contamination free 

sources of food. These are being polluted due to 

application of pesticides to kill the insects, excess uses 

of fertilizers for increasing production, and non-

scientific transportation methods. The industrial 

activities also contribute toxic heavy elements 

pollution in food crops due to their mixing with water 

(Fernando Carvalho 2006). It is a fact that increasing 

population requires more food, thus such situation 

compels the farmers to use artificial methods for 

increasing crop production to fulfill the needs of 

human beings (PB Tchuwou 2012; Vhathutshelo L, 

Muedi 2018). The contamination of vegetables takes 

place in every corner of the world (Khan et al., 2008).  

 

The cultivation of vegetables in selected area is 

actually depends on the canal water which comes 

directly from the River Indus. Sometimes, there is a 

shortage of fresh (canal) water coming from the river, 

thus the farmers use groundwater for irrigation, 

because river water is not available for entire days of 

the year (Obuobieet et al., 2006). Contamination of 

vegetables may take place from the impure water and 

polluted soil to the plant (Samuel .T A. et al., 2018). 

Soil may be contaminated through industrial effluents 

and wastes, and over dose of fertilizers, pesticides, 

herbicides and aerosol sprays (M.B et al., 2003; 

Demireze. D et al., 2006). Toxic heavy elements, 

chromium (Cr), cadmium (Cd), copper (Cu), and 

arsenic (As) may reach to the vegetables through 

contaminated water and soil (Powers K M et al., 

2003; Jarip. 2003; G. U. Chibuik et al., 2014).  

 

In earth crust , the seventh most hazardous element is 

chromium (Mohantry et al., 2013) and it is highly 

toxic causes respiratory problems, lungs cancer, 

damage of liver, kidneys and change of genetic 

material in the end death (Monisha et al., 2014). 

Cadmium is also more dangerous toxic heavy metal if 

elevate the recommended limts of WHO/FAO, as it 

bio-accumulates and has a long half-life period of 

about 30 years. It causes health disorders, kidney 

problems, lung cancer, unbalance of central nervous 

system, destabilize DNA, and failure of reproductive 

system (Givianrad et al., 2009; Mohajar et al., 2012; 

WHO, 2007). Copper is an essential trace 

micronutrient and it does act as a biocatalysts. It is 

necessary for pigmentation of body and maintains 

health of humans including central nervous system. 

(Sobukola, O. P et al., 2010). The level exceeds the safe 

limit recommended by FAO/WHO then may lead to 

coma, sporadic fever and hypertension (Waleed et al., 

2018). Arsenic (As) is one of the abundant elements in 

the earth’s crust. It is tasteless, colorless, and odorless 

Arsenic is also one of the toxic elements which are 

harmful for living organisms because of carcinogenic 

activities (Waalkes M.P et al., 2003). Its contamination 

causes skin cancer, and damage of digestive system. It 

may enter into body through contaminated drinking 

water, vegetables and fruits (Monishajaishankar et al., 

2014) (Pott, W.A et al., 2001).  

 

The impact of toxic elements can be analyzed using 

different techniques, like estimated daily intake 

(EDI), bio-concentration factor (BCF) and targeted 

health quotients (THQs). Estimated daily intake 

(EDI) is a ratio between toxic heavy metal and oral 

reference dose that is the maximum level at which no 

health effects expected (Tsafe et al., 2012; MdSaiful 

Islam et al., 2014). The bio-concentration factor 

(BCF) of toxic elements is the transference of toxic 

elements from soil to plants. If calculated ranges of 

BCF are above than one 1.0, then it indicates higher 

uptake of toxic elements in vegetables than in the soil. 
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Since the targeted health quotients (THQs) is a 

human health risk assessment concerned with the 

accumulation of vegetables used by the residents. 

 

Chromium, cadmium and arsenic are enormously 

entering in our surroundings and are the principal 

contaminants of many food stuffs (Jasim Uddin A, et 

a., 2011; H. Chen et al., 2016). These are unnecessary 

elements having no major role in the growth of 

muscles, bones and other human health perspective 

(Powers K M et al. 2003; Jarup L. 2003). Human’s 

health may be affected by toxic heavy metals directly 

as well as indirectly as these elements cannot be 

decomposed naturally (Wang et al., 2001). The 

prolong use of vegetables contaminated by hazardous 

metals can increase their level in the tissue of human 

beings create acute or chronic health problems (X. 

Wang et al., 2005). It is therefore necessary to 

examine the level of toxic metals cadmium, 

chromium, Arsenic and copper on the vegetables, 

groundwater and soil of the Larkana city in Sindh 

province Pakistan. Such study was not conducted by 

any researcher or organization in the past.  

This study was carried out to evaluate the intake of 

toxic elements via fresh vegetables, maximum, 

average, and minimum level of target hazard quotient 

(THQ), and bio-concentration factor of these 

elements in seven famous vegetables cultivated in 

Larkana Sindh. 

 

Materials and methods 

Study area 

Larkana is 4th populated district of Sindh province 

after Karachi, Hyderabad, and Sukkur. In this study, 

the surroundings of Larkana city of the district 

Larkana were selected, where the vegetables are 

frequently grown by the local formers. Fig. (1) show 

the map of study area where the samples have been 

taken for analysis. The sampling locations were 

Rehmatpur (27°36’15’’ North 68°13’18’’East), Otha 

Goth (27°49' 8937’’ North 68°19' 6834'' East), Baksho 

Khan Village (27°36’15’’North 68°13’18’’East), 

Bakarani (27°45’ 2415’’N 68°17’6875’’E) and Jagirani 

Goth (27°68°4295” North 68°.14’7947” East). All the 

samples were collected following by random sampling 

method using global positioning system (GPS).  

 

 

Fig. 1, Map of District Larkana with different sampling locations (A) Rehmatpur (B) Othagoth (C) Baksho khan 

(D) Bakrani (E) Jagirani village. 

 

Collection of samples 

A total 175 samples were collected from the selected 

locations of seven different vegetables, i.e. brinjals, 

green chilies, ladyfingers, tomatoes, round melons, 

bitter gourd and cauliflowers (n=25) from five 

sampling locations of the study area. Besides that, 25 

groundwater samples from tube wells or motor 

pumps and the samples of soil were taken from all 

selected locations. The samples of soil were taken 

with a special instrument named auger made up of 

stainless steel from depth of 0-25cm. All the 

vegetables, water and the samples of soil were 

collected in spring season in the months of February 

through April 2018. The collected vegetables samples 
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were kept into prewashed polyethylene plastic bags 

and then transported to the laboratories of Shah 

Abdul University Khairpur on the same day. Each 

collected sample of vegetables first washed carefully 

with the tape water and then distilled water followed 

by deionized water in order to remove extra 

contamination. The edible parts of vegetable samples 

already washed with deionized water were cut into 

small pieces with special small size of knife washed 

with sterilized water and put into the oven then dried 

at 80°C to attain the constant weight. Every dried 

vegetable sample was grinded using special type of 

machine grinder at 65-mesh sieve.  

 

The powdered vegetable samples then preserved into 

a special stopper glass container (Tiwari et al., 2011). 

 

Chemical Digestion of Vegetable Samples 

First, two (2.0) g of each sample of vegetable was 

placed into a beaker then reagent HClO4 and HNO3 

was added at a ratio of 1:4. After mixing of acids, 

beaker containing vegetable samples were placed on 

electric hot plate until and unless the clear 

transparent solution was obtained. The complete 

digested samples were then filtered through 

Whatman 42# paper then deionized water was 

introduced for dilution up to 50 mL (Jasim Uddin A, 

et al., 2011) and finally kept at a room temperature 

for further analysis. 

 

Pre-treatment of soil samples 

At first, took 5 g of powdered soil sample into 250ml 

of boro glass conical flask before washed by tape 

water then distilled water followed by deionized 

water. Then, 20ml mixture of two strong acids 0.05N 

HCl and 0.05N H2SO4 were introduced into each 

beaker containing soil sample.  

 

The conical flasks containing soil samples were 

stirred gently for a period of 20 minutes up to 

dissolved residues into two strong acids hydrochloric 

acid and sulphuric acid. After that, each soil samples 

were filtered through whatman # 42 filter paper into 

50ml of transparent plastic bottle for further 

instrumental analysis (Sahito ATG et al., 2002). 

Pre-treatment of water samples followed by 

microwave digestion method 

For each sample, five hundred ml of ground water 

sample was introduced into a beaker, then placed two 

to three drops of concentrated HNO3 and heated at 

70°C on electric hot plate for drying. The residues 

were then dissolved in (2N. HNO3) nitric acid followed 

by the addition of 33% H2O2 hydrogen peroxide 

heated at 70°C and last volume is made up to 20ml by 

the addition of deionized water (Greenberg et al., 

2012). Similarly the blank reagent was also made by 

adopting the same procedure. 

 

Instrumentation  

For present study, all samples were analyzed by using 

sophisticated instruments Inductively Coupled Plasma 

Optical Emission Spectrometer (ICP-OES) Optima 8000 

Perkin Elmer (USA) was used for analysis of chromium, 

cadmium and copper in all samples. Arsenic was 

measured in Graphite furnace mode (Perkin Elmer 

USA). The internal calibration standard solutions 

containing 1.0 mg/L chromium (Cr), cadmium (Cd) and 

copper (Cu) were purchased from Perkin Elmer (USA). 

To cover extensive range of toxic heavy elements used 

one (1.0)mg/L as a tuning solution.  

 

All test batches were assessed by an internal quality 

approach and certified if they validate the defined 

internal quality controls. For every test, a blank 

solution was run with certified reference material and 

then the samples were analyzed in duplicate to 

remove any batch specific error. Material, NIST, 1547 

was used as certified reference material in every 

sample batch/lot to validate the precision and 

accuracy of the chemical digestion technique and for 

consequent analyses. 

 

Analysis of Data  

The data analysis was made using three indicators, 

namely estimated daily intake of toxic elements from 

vegetables, bio-concentration factor and targeted 

health quotients. The estimated daily intake of metals 

depends on the mean concentration of metals in the 

vegetables ingestion along with body weight. Equation 
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(1) was used for the estimation of daily intake of metals 

(MdSaiful Islam and Hoque, M. F. 2014). 

Estimated Daily Intakes of metals =
Daily Intake of elements/ Metals

Body Weight
  [1] 

 
The consumption of vegetables on daily basis was 

taken as 166g by adult, while the average weight of 

adult was considered as 60kg (Bangladesh Bureau of 

Statistics; 2010). Bio-concentration factor (BCF) is 

the transfer of toxic elements from the soil to eatable 

parts of plants, like vegetables. It is calculated as the 

concentration of toxic elements ratio in the vegetables 

to the corresponding soil from which vegetable 

samples were taken on the basis of dry weight using 

Equation (2). 

The bioconcentration factor =
[M]plant

[M]soil
  [2]  

 
Targeted Health Quotients (THQs) is a human health 

risk assessment concerned with the accumulation of 

vegetables used by the local residents. Targeted 

Health Quotients (THQs) of toxic elements has been 

computed using Equation (3).  

THQ =
EF×ED×FI×MC

Rfd×BW×AT
× 10−3   [3] 

 
where THQ is the targeted hazard quotient, EF is the 

exposure frequency which is considered as one year 

365 days/year, whereas 70 years considered as 

exposure duration ‘ED’, MC is considered as toxic 

element concentration in mg/kg, oral reference dose 

‘Rfd’ measured in mg/kg, average body weight 

considered as ‘BW’ which is sixty kilogram, AT is 

considered as average time taken to non-carcinogen 

“365 days/ year × number of exposure years, assuming 

70 years in this study” (Hang Zhou et al., 2016).  

 

The recommended oral reference dosages are 

0.003mg/kg for Cr, 0.001mg/kg for Cd, 0.04mg/kg 

for Cu and 0.0003mg/kg for As (USEPA, 2015). If 

the targeted health quotient of metals are below 

than one then that is in safe limit, whereas THQ 

level is one or more than one, then threat may create 

to local inhabitants. 

 

Results and discussion 

The average, range and standard deviation of the 

observed values of toxic elements in eatable parts of 

various vegetables (Table 1). In vegetables samples, the 

concentration of elements was found different in the 

different types of vegetable samples. These values were 

arranged on the basis of toxicity, level of food 

contamination and health importance. The basic 

difference in elemental concentration in various 

vegetable samples inferred that each vegetable 

variety has its own ability to accumulate various 

toxic elements.  

 

Table 1. Toxic elements contents (mg/kg fw) in vegetables from Larkana, Sindh, Pakistan. 

 
English Name Scientific Name  Cr Cd Cu As 
Brinjals,  
(n=25) 

Solanummelongena Mean ± SD 
Range 

0.39 ± 0.093 
0.26-0.71 

0.41±0.12 
0.13-0.84 

2.94±0.28 
2.46-3.5 

0.06±0.007 
0.05-0.07 

Green chilies,  
(n=250 

Capsicumannuum Mean ± SD 
Range 

0.408±0.141 
0.34-0.57 

0.36±0.16 
0.14-0.64 

2.33±1.18 
1.61-2.76 

0.094±0.042 
0.06-0.12 

Ladyfingers,  
(n=25) 

Abelmoschusesculentus Mean ± SD 
Range 

0.428±0.13 
0.33-0.56 

0.48±0.04 
0.14-0.65 

4.42±1.46 
4.3-4.66 

0.082±0.016 
0.04-0.15 

Round-melons, 
(n=25) 

Cucumis melon Mean ± SD 
Range 

0.46±0.057 
0.33-0.6 

0.46±0.011 
0.24-0.65 

1.80±0.151 
1.55-2.42 

0.062±0.001 
0.03-0.09 

Tomatoes,  
(n=25) 

Lycopersicanesculentum Mean ± SD 
Range 

0.46±0.207 
0.27-0.59 

0.44±0.147 
0.24-0.65 

1.86±0.724 
1.49-2.36 

0.068±0.027 
0.05-0.1 

Bitter-gourds, 
(n=25) 

Momordicacharantia Mean ± SD 
Range 

0.59±0.196 
0.5-0.71 

0.37±0.193 
0.15-0.65 

1.66±0.612 
0.54-2.65 

0.074±0.031 
0.03-0.12 

Cauliflowers, 
(n=25) 

Brassicaoleraceabotrytis Mean ± SD 
Range 

0.46±0.199 
0.28-0.70 

0.39±0.075 
0.24-0.55 

1.48±0.096 
1.35-1.58 

0.1±0 
0.09-0.11 

 (FAO/WHO, 2011)   0.60 0.50 5.0 0.10 

 

Level of Toxic Elements in Examined Samples 

The average and range of chromium concentration in 

brinjals, green chilies, ladyfingers, round melons, 

tomatoes, bitter gourds and cauliflower were 

0.39mg/kg and 0.26-0.70mg/kg, 0.41mg/kg and 

0.34-0.57mg/kg, 0.43 mg/kg with a range of 0.33-

0.56mg/kg, 0.46mg/kg and 0.33-0.60mg/kg, 

0.46mg/kg and 0.27-0.59mg/kg, 0.59mg/kg and 

0.50-0.71mg/kg, and 0.46mg/kg and 0.28-0.7mg/kg. 

The level of chromium concentration in brinjals and 
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tomatoes was detected below than the reported values 

of Latif et al. (2018) with 3.0mg/kg and of (Fawad Ali 

et al., 2017) with 9.23-18.95mg/kg. All the above 

intended values of chromium in all vegetables 

samples were within the allowable limit of WHO and 

FAO; 2011 which is 2.3mg/kg. 

 

The average and range of cadmium concentration in 

brinjals were 0.40mg/kg and 0.13-0.84mg/kg, in 

green chilies 0.36mg/kg and 0.14-0.64mg/kg, in 

ladyfingers 0.48mg/kg and 0.14-0.65mg/kg, in round 

melons 0.46mg/kg and 0.24-0.65mg/kg, in tomatoes, 

0.44mg/kg and 0.24-0.65mg/kg, in bitter gourds 

0.37mg/kg and 0.15-0.65mg/kg, and in cauliflower 

0.39mg/kg and 0.24-0.55mg/kg.  

 

The average concentration of cadmium in brinjals 

samples were nearly within same values as 0.42mg/kg 

reported by (Rafiqual Islam et al., 2018), in ladyfingers 

slightly higher as compared to the work of (Odoh 

Rapheal et al., 2011), and in round melons, the values 

were higher than standards of FAO/WHO, 2011. The 

average concentration of cadmium in tomatoes was 

found similar as reported by (GomaaNour-Eldein 

Abdel-Rahman et al., 2018). Overall, the average 

concentration of cadmium was detected higher in 

almost all vegetable samples than permissible limit of 

0.2mg/kg given by WHO and FAO, (2011). 

 

The average and range of copper concentration in 

brinjals, green chilies , ladyfingers, round melons, 

tomatoes, bitter gourds and cauliflowers were 

2.94mg/kg and 2.5-3.5mg/kg, 2.33mg/kg and 1.61-

2.76mg/kg, 4.42 mg/kg and 4.3-4.66mg/kg, 

1.80mg/kg and 1.55-2.42mg/kg, 1.86mg/kg and 1.49-

2.36mg/kg, 1.66mg/kg and 0.54-2.65mg/kg, and 

1.48mg/kg and 1.35-1.58mg/kg obtained. The level of 

copper was found within the safe limit in all examined 

vegetable samples proposed by WHO and FAO 

(2003) which is 5mg/kg. 

 
The average concentration and range of arsenic in 

bringals was found 0.06mg/kg and 0.05-0.07mg/kg, 

in green chilies 0.094mg/kg and 0.06-0.12mg/kg, in 

ladyfingers 0.062mg/kg and 0.03-0.09mg/kg, and in 

round melons 0.062mg/kg and 0.03-0.09mg/kg.  

In tomatoes the average and range of arsenic 

concentration was 0.068mg/kg and 0.05-0.1mg/kg, 

in bitter gourds 0.068mg/kg and 0.05-0.1mg/kg, and 

in the samples of cauliflower 0.1mg/kg and 0.09-

0.11mg/kg. In general, the concentration of arsenic 

was also found within the allowable limits of WHO 

and FAO which is 0.1 mg/kg in all vegetable samples. 

 

The average concentrations of toxic elements in all 

vegetable samples were found in the following 

decreasing order, such as Cu > Cr > Cd > As. The 

mean concentrations of toxic elements in different 

vegetables collected from the study area were 

compared with the standards set by WHO and FAO 

(2011). It was found that all samples were within safe 

limits except cadmium having concentration little bit 

higher than guidelines values.  

 

The possible sources of elements exposure in 

vegetable samples of study area may be due to 

agricultural farms using chemical fertilizers, 

herbicides, chemical sprays and fungicides. Out of 25 

samples of each vegetable, 32% of samples were 

showed slightly higher concentrations for chromium 

as well as cadmium as compared to the limits set by 

WHO and FAO (2011). In all other vegetable samples, 

the remaining toxic elements were within prescribed 

limits. Since, the percentage of contamination in all 

soil was found under the tolerable limits.  

 
Estimated Influence of Toxic Elements  

The mean estimated daily intake standards of 

chromium, cadmium, copper and arsenic are 0.004, 

0.0006, 0.05 and 0.0002mg/kg fw (Table 2). It is 

noted that the THQ of each element via consumption 

of vegetables decreased in the order of cadmium < 

chromium < copper < arsenic.  

 
The calculated targeted hazard quotient of each 

element was found less than 1.0, showing that 

ingestion of a single element through consumption 

of vegetables does not stimulate a significant 

potential health hazard. Total metal targeted hazard 

quotient value (sum of individual element targeted 

hazard quotient) for individual vegetable was found 

higher than 1 (Table 2).  
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Table 2. Estimated daily intake ‘EDI’ of trace and toxic elements (mg/kg bw) and targeted hazard quotient ‘THQ’. 

English Name  Cr Cd Cu As Total 
Brinjals, n=25 EDI 

THQ 
0.0011 
0.0251 

0.0015 
0.1743 

0.0084 
0.0120 

0.0013 
0.038 

0.0123 
0.249 

Ladyfingers, n=25 EDI 
THQ 

0.0012 
0.0277 

0.0013 
0.1897 

0.0012 
0.0214 

0.0016 
0.052 

0.0053 
0.29 

Green chilies, 
n=25 

EDI 
THQ 

0.0012 
0.0246 

0.0009 
0.1394 

0.0064 
0.0112 

0.0007 
0.006 

0.0092 
0.182 

Round melons, 
n=25 

EDI 
THQ 

0.0013 
0.0294 

0.0013 
0.1820 

0.0012 
0.0087 

0.0016 
0.066 

0.0054 
0.282 

Tomatoes, n=25 EDI 
THQ 

0.0012 
0.0294 

0.0012 
0.1704 

0.0054 
0.0090 

0.0007 
0.043 

0.0085 
0.252 

Bittergouds, n=25 EDI 
THQ 

0.0016 
0.0387 

0.001 0 
0.1433 

0.0042 
0.0080 

0.0008 
0.0043 

0.0076 
0.194 

Cauliflowers, n=25 EDI 
THQ 

0.0013 
0.0303 

0.0011 
0.1549 

0.0056 
0.0072 

0.0007 
0.065 

0.015 
0.254 

RfDo  0.003 0.0005 0.04 0.0003 1.4973 

The order of THQ values of metals are observed as: Cd < Cr < Cu < As. 

The calculated EDI values of metals in decreasing order are: As< Cd < Cr <Cu. 

 

All calculated results for bio-concentration factors 

(BCF) were found less than 1.0 (Table 3). It indicates 

that there is high level of toxic heavy elements 

concentration in soil as compared to vegetables and 

thus, there are lower uptakes of toxic heavy elements 

to the vegetables (Solecki, J. et al., 2002). The current 

results are compared with work described in 

literature (Table 4). In some cases, the level of toxic 

elements were found significantly less in different 

varieties of vegetables as compared to (Song et al., 

2009; Radwan et al., 2006; Fernando et al., 2012; 

Chary et al., 2008 for Spain, Egypt, Greece, Kuwait). 

Table 3. Bio-concentration factors (BCF) of trace 

and toxic elements. 

English 
name 

Scientific name Cr Cd Cu As 

Brinjals Solanummelongena 0.053 0.061 0.402 0.065 

Green 
chilies 

Capsicumannuum 0.056 0.049 0.319 0.038 

Lady fingers Abelmoschusesculentus 0.058 0.067 0.605 0.079 

Round 
melons 

Cucumis melon 0.063 0.061 0.246 0.038 

Tomatoes Lycopersicanesculentum 0.063 0.06 0.254 0.038 

Bitter 
gourds 

Momordicacharantia 0.082 0.05 0.228 0.039 

Cauliflowers Brassicaoleracea botrytis 0.064 0.05 0.204 0.038 

All Vegetable indicates the BCF below < 1.0 

 
Table 4. Concentration of toxic elements in vegetables (mg/kg) of different parts of world. 

Country Concentration of Elements References 
 Cr 

(mg/kg) 
Cd 

(mg/kg) 
Cu 

(mg/kg) 
As 

(mg/kg) 
 

Bangladesh Dhaka 1.44 0.21 18.1 0.057 MdSaiufal et al., 
(2014) 

Bangladesh Noakhali 0.64 0.058 20.6 0.05 Rehman et al ., (2013 ) 
China NA 0.19 1.18 NA Zhuang et al., (2009) 
Varanasi India NA 2.08 36.4 NA Sharma et al., (2007) 
Egypt - 0.11 4.5 - Radwan et al., (2006) 
India 2.4 2.57 1.4 - Sharma et al,. (2009) 
Kuwait - 0.031 - - Chary et al,. (2008) 
Greece - 0.008 - - Fernando et al .,(2012) 
Spain - 0.019 - - Song et al.. (2009) 
Larkana 0.484 0.376 2.02 0.086 Current study 

 

Correlation (linear) and coefficient matrix for 

different elements were performed in order to explain 

the relations among toxic elements in vegetables. 

Inter elemental collaborations may illustrate the 

sources and pathways of the elements present in 

vegetables. Clear weak correlation was observed 

among pairs of elements in vegetable samples. 

Copper indicated weak correlation with other 

elements, cadmium showed significant positive 

correlation to chromium with r2=0.55 while cadmium 

showed weak correlation with arsenic. These strong 

negative correlations among metal-metal (arsenic-
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copper) pair may be due to different source of 

elements enrichment via water and soil. The positive 

or nearly identical metal accumulation properties of 

vegetables were observed in may research findings as 

reported by (Abbasi et al., 2013; Mohamed et al., 

2003; Xu et al., 2013.).  

 

Table 5. Concentration of different toxic elements in 

water samples of Larkana. 

Sampling 
sites 

No. 
samples 

Cr (mgL-

1) 
Cd 

(mgL-1) 
Cu 

(mgL-1) 
As (mgL-

1) 
Site-01 (n=5) 0.020 0.050 0.065 0.005 
Site-02 (n=5) 0.046 0.027 0.065 0.006 
Site-03 (n=5) 0.026 0.039 0.102 0.004 
Site-04 (n=5) 0.052 0.017 0.157 0.003 
Site-05 (n=5) 0.045 0.039 0.214 0.004 

 

Table 6. Concentration of different toxic elements in 

soil samples of Larkana. 

Sampling 
sites 

No. 
samples 

Cr 
(mgkg) 

Cd 
(mg/kg) 

Cu 
(mg/kg) 

As 
(mg/kg) 

Site-01 (n=5) 0.30 0.38 1.14 0.16 
Site-02 (n=5) 0.31 0.36 1.56 0.17 
Site-03 (n=5) 0.40 0.25 1.55 0.11 
Site-04 (n=5) 0.30 0.30 1.64 0.09 
Site-05 (n=5) 0.42 0.60 1.50 0.13 

 
The maximum concentration of chromium in 

groundwater was found in sampling site of 04 which 

was found 0.052mgL-1, minimum concentration was 

observed 0.02mgL-1. In case of cadmium, all 

groundwater samples were found more than 

allowable of WHO which 0.005mgL-1 is. The level of 

copper was within guideline value as proposed by 

FAO/WHO (2011). The concentration of Arsenic was 

noted up to 0.006mgL-1 in groundwater samples 

which is also within safe limits as given in Table 5. 

The average concentration of chromium, cadmium, 

copper and arsenic in soil sampling sites 01, 02, 03, 

04 and 05 were found within the proposed guideline 

of (FAO/WHO, 2011) (Table 6).  

 

Conclusion 

It has been concluded that level of chromium, 

cadmium and arsenic were found high in vegetables 

samples while level of copper was found low in all 

vegetables samples as proposed by WHO/FAO. Out of 

25 samples of bitter gourd 8% of samples were 

detected with higher Arsenic concentration while in 

case of cadmium 4% of samples of ladyfinger, round 

melon, bitter gourd and tomatoes were examined 

above its level as prescribed FAO/WHO.  

Results of associated water samples indicate the 

higher level of cadmium in its samples while 

concentrations of other metals were examined within 

permissible limits. Further that estimated daily 

exposure of trace metals indicates the value of 

chromium, cadmium, copper and arsenic were below < 1 

and estimated daily intake (EDI) of metals via 

consumption of vegetables in the study area were in the 

order of As < Cd<Cr <Cu.  

 

In case of bio-concentration factors (BCF) of metals were 

observed below < 1.0 and decreasing order of (THQ) 

targeted health hazard quotient ingested via vegetables 

were as Cd < Cr <Cu < As. (THQ) data of all mentioned 

elements were below than 1, it indicates by eating 

mentioned vegetables there is no threat to the human 

health of local peoples of Larkana Sindh, Pakistan.  

 

Recommendations 

Present study suggests the regular monitoring of 

toxic elements in vegetables and agricultural soils 

of study area are necessary in future. The 

precautionary measures should be taken in order to 

prevent extreme accumulation of these toxic 

elements in the human food chain. 

 

References 

Abdul Jabbar Kandhro. 2016. Assessment of Arsenic 

and Essential Metal Ions in the Quality of Groundwater 

Sources of Taluka Daur, District Shaheed Benazeer 

Abad, Sindh, Pakistan. Journal of Peoples University of 

Medical & Health Sciences 6(1),1-8.  

 

Adila Saady Mohamed, M. Najeeb Rashed and 

Mofty A. 2003. Assessment of essential and toxic 

elements in some kinds of vegetables. Ecotoxicology 

and Environmental Safety 55, 251-260. 

 

Anthony George Kachen and Balwant Singh. 

2006. Heavy Metals Contamination in Vegetables 

grown in Urban and Metal Smelter contaminated 

sites in Australia. Water, Air and Soil Pollution. An 

International Journal of Environmental Pollution 

.ISSN: 0049-6979 (Print) 1573-2932 (O 169, 101-123. 



J. Bio. & Env. Sci. 2020 

 

33 | Rind et al. 

Arshad Mahmood Abbasi, Jved Iqbal, Mir 

Ajab Khan, Mnir Hussain Shah. 2013. Health 

risk assessment and multivariate apportionment of 

trace metals in wild leafy vegetables from Lesser 

Himalayas, Pakistan. Ecotoxicology and 

Environmental Safety 92, 237-244.  

 

Bangladesh Bureau of Statistics. 2010. 

Preliminary report on household income and 

expenditure survey. P. 1-115. www.bbs.gov.bd. 

 

Bo Song, MeiLei, Tongbin Chen .Yuanming 

heng. 2009. Assessing the health risk of heavy 

metals in vegetables to the general population in 

Beijing, China. https://doi.org/ (08)62476-6 Journal 

of Environmental Sciences 21(12), 1702-1709. 

 

Chen H, Teng Y, Lu Wang S, Wu Y, Wang J. 

2016. Source apportionment and health risk 

assessment of trace metals in surface soils of Beijing 

metropolitan, China, Chemosphere. vol. 144, pp. 

1002–1011. View at Publisher · View at Google 

Scholar · View at Scopus. 

 

 Decong Xu, Ping Zhou, Jing Zhan, YiGao, 

Qingye Su Xu. 2013. Assessment of Trace Metal 

Bioavailability in Garden Soils and Health Risks via 

Consumption of Vegetables in the Vicinity of Tongling 

Mining Area, China. Ecotoxicology and 

Environmental Safety 90, 103-111. 

 

Dilek Demirezen and Ahmet Aksoy. 2006. 

Heavy metal levels in vegetables in Turkey are within 

safe limits for Cu, Zn, Ni and exceeded for Cd and Pb. 

Journal of Food Quality, vol. 29, no. 3, pp. 252-265,. 

https://doi.org/10.1111/j.1745-4557.2006.00072. 

 

Duyusen E.GUVEN1, Gorkem AKINCI. 2011. 

Comparison of acid digestion techniques to 

determine heavy metals in sediment and soil 

samples. Dokuz Eylul University, Faculty of 

Engineering, Department of Environmental 

Engineering, 35160,Buca,Izmir, TURKEY Gazi 

University Journal of Science 24(1), 29-34. 

Emmanuel Obuobie, Bernard Keraita, George 

Danso, Philip Amoah, Olufunke O. Cofie,Liqa 

Raschid-Sally and Pay Drechsel. 2006. Irrigated 

urban vegetable production in Ghana: characteristics, 

benefits and risks. IWMI, Accra at 

www.cityfarmer.org/GhanaIrrigate Vegis. Html. on 

contaminants in foods Food. CF/5 INF/1, pp. 1–89 

 

FAO/WHO, CODEX ALIMENTARIUS. 2003. 

International Food Standards CODEX STAN-179. 

Codex Alimentarius commission. 

 
Fawad Ali, Hidayat Ullah, Iftikhar Hussain. 

2017. Heavy metals accumulation in vegetables 

irrigated with industrial influents and possible impact 

of such vegetables on human health. Sarhad Journal 

of Agriculture 33(3), 489-500. 

 
Fernando Carvalho. 2006.Agriculture, Pesticides, 

Food Security and Food Safety, Environmental 

Science & Policy 9(7-8), 685-692.  

 

Fruits, vegetables condiments statistics of 

Pakistan. 2016. Ministry of National Food Security and 

Research Government of Pakistan. www.mnfsr.gov.pk. 

 
Givianrad MH, Sadeghi Tahereh., Larijani 

Kambiz., Hosseini Seyed Ebrahim. 2011. 

Determination of cadmium and lead in lettuce‚ mint 

and leek cultivated in different sites of southern 

Tehran. Journal of Food Technology and Nutrition. 

Spring.volume 8 number 2(30), pages 38-43. 

 
Gomaa Nour-Eldein Abdel-Rahman, Mohamed 

Bedair Mohamed Ahmed, Essa Mahmoud 

Saleh and Ahmed Sayed Morsy Fouzy. 2018. 

Estimated Heavy Metal Residues in Egyptian Vegetables 

in Comparison with Previous Studies and 

Recommended Tolerable Limits. Journal of Biological 

Sciences. Volume 18(3), DOI: 10.3923/jbs.2018.135.143 

 
Grace Chibuike Obiora, Smart Chika. 2014. 

Heavy Metal Polluted Soils: Effect on Plants and 

Bioremediation Methods. Applied and Environmental 

Soil Science. Applied and Environmental Soil 

Sciences. Hindwai. Volume 2014, Article ID 752708, 

12 pages http://dx.doi.org/10.1155/2014/752708. 

http://www.bbs.gov.bd/
https://doi.org/
http://www.cityfarmer.org/GhanaIrrigate
https://www.researchgate.net/profile/Fernando_Carvalho3
https://www.researchgate.net/journal/1462-9011_Environmental_Science_Policy
https://www.researchgate.net/journal/1462-9011_Environmental_Science_Policy
http://www.mnfsr.gov.pk.(2016)/
http://ascidatabase.com/author.php?author=Gomaa%20Nour-Eldein&last=Abdel-Rahman
http://ascidatabase.com/author.php?author=Mohamed%20Bedair%20Mohamed&last=Ahmed
http://ascidatabase.com/author.php?author=Mohamed%20Bedair%20Mohamed&last=Ahmed
http://ascidatabase.com/author.php?author=Essam%20Mahmoud&last=Saleh
http://ascidatabase.com/author.php?author=Essam%20Mahmoud&last=Saleh
http://ascidatabase.com/author.php?author=Ahmed%20Sayed%20Morsy&last=Fouzy
http://dx.doi.org/10.1155/2014/752708


J. Bio. & Env. Sci. 2020 

 

34 | Rind et al. 

Huang SS, Liao QL, Hua M, Wu XM, Bi KS, 

Yan CY, Chen B, Zhang XY. 2007. Survey of 

heavy metal pollution and assessment of agricultural 

soil in Yangzhong district, Jiangsu Province, China. 

Chemosphere 67, 2148-55. Sci direct. International 

Journal of Environmental Analutical Chemistry 

https://doi.org/10.1080/03067319.2010.496053.92 

 
Jameel Ahmed Baig, Tasneem Gul Qazi, Abdul 

Qadir Shah, Ghulam Abbas Kandhro, Hassan 

Imran Afridi, Sumaira Khan, Nida Fatima 

Kolachi and Sham Kumar Wadhwa. 2012. 

Arsenic speciation and other parameters of surface 

and ground water samples of Jamshoro, Pakistan. 

 
Jasim Uddin Ahmad Abdul Goni Md. 2010. 

Heavy metal contamination in water, soil and 

vegetables of the industrial areas in Dhaka, 

Bangladesh. Environmental Monitoring and 

Assessment 166, 347-357.  

 
Joanne L. Slavin, Beate Lloyd. 2012. Health 

Benefits of Fruits and Vegetables. Advanced in 

Nutrition an international Review journal. Doi: 

10.3945/an.112.002154. 

 
Kartikey Tiwari, Naveen Kumar Singh MP, 

Patel, Tiwari MR. 2011. Metal contamination of 

soil and translocation in vegetables growing under 

industrial wastewater irrigated agricultural field of 

Vadodara, Gujarat, India. Ecotoxicology and 

Environmental Safety 74, 1670-1677. 

 
Laris Jarup. 2003. Hazards of heavy metal 

contamination. British Medical Bulletin 68, 167–182.  

 

Liu H, Probst A, Liao B. 2005. Metal 

contamination of soils and crops affected by the 

Chenzhou lead/zinc mine spill (Hunan, China). 

Science of the Total Environment; PMID: 15740766. 

DOI: 10.1016/j.scitotenv.2004.07.030 

 

Md Saiful Islam and Fazlul Hoque Md. 2014. 

Concentrations of heavy metals in vegetables around 

the industrial area of Dhaka city, Bangladesh and 

health risk assessment. International Food Research 

Journal 21(6), 2121-2126.  

Memon AH, Allah Bux Ghanghro, Taj 

Muhammad, Jahangir, Lund GM. 2016. Arsenic 

Contamination in Drinking Water of District 

Jamshoro, Sindh, Pakistan. Biomed Lett2S (1), 31. 

 

Mohajer R, Mohammad Hassan Salehi, 

Mohammadi J. 2012. Accumulation of cadmium 

and lead in soils and vegetables of Lenjanat region in 

Isfahan province Iran. International Journal of 

Agronomy and Plant Production 3, 576-578. 

 

Mohammad Aly Radwan, Ahmed Salama. 

2006. Market basket survey for some heavy metals in 

Egyptian fruits and vegetables, food and chemical 

Toxicology. Food Chem Texoco 44, 1273-1278.  

 

Mohantry Monalisa Patra Hemanta Kumar. 

2013. Effect of ionic and chealate assisted hexavalent 

chromium on mung bJSPB 9(2), 232-241 ean 

seedlings. (vigna Radiata 1. Wilczek. var k-851) 

during seeding growth. 

 

Monisha Jaishankar, Tenzin Tseten, Naresh 

Anbalagan, Blessy B. Mathew, and 

Krishnamurthy, Beeregowda N. 2014. Toxicity, 

mechanism and health effects of some heavy metals. 

Interdisciplinary toxicology. PMCID: PMC 4427717. 

PMID: 26109881.doi: 10.2478/ 0009 

 

Muhammad Aqeel Ashraf, Mohd. Jamil Maah 

and Ismail Yusoff. 2014. Soil Contamination, Risk 

Assessment and Remediation. Environmental Risk 

Assessment of Soil Contamination. DOI: 10.5772/57287 

 

Muhammad Qasim & Mushtaque Ali Jakhrani. 

2018. Physicochemical and elemental contamination 

assessment in groundwater samples of Khairpur 

Mir's, Pakistan. Human and Ecologica lRisk 

Assessment: AnInternationa lJournal http://dx.doi. 

org / 10.1080/10807039.20 

 

Murray B, Bride MC. 2003. Toxic metals in sewage 

sludge-amended soils: Has promotion of beneficial 

use discounted the risks? Advances in Environmental 

Research. vol. 8, no. 1, pp. 5-19. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaishankar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tseten%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anbalagan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anbalagan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beeregowda%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/26109881
https://dx.doi.org/10.2478%2Fintox-2014-0009
http://dx.doi/


J. Bio. & Env. Sci. 2020 

 

35 | Rind et al. 

Obukola Olajide Philip 2, p. 89-93. Subhan 

Majidano, Ghulam Murtaza Arain, Doulat Rai 

Bajaj, P Iqbal, Muhammad Yar Khuhawar. 

2010. Assessment of groundwater quality with focus 

on arsenic contents and consequences. Case study of 

TandoAllahyar District in Sindh Province. 

International Journal of Chemical Environmental 

Engineering.volume 1, no.2, 91-96. 

 

Paul B, Tchounwou, Clement G, Yedjou, Anita 

Patlolla, K Dwayne and Sutton J. 2012. Heavy 

Metal Toxicity and the Environment-NCBI-NIH; 

101:133-64. Doi: 10.1007/978-3-7643-8340-4_6. 

 

Ping Zhuang, Murray McBride, HanpingXia, 

NingyuLi, ZhianLi B. 2009. Health risk from 

heavy metals via consumption of food crops in the 

vicinity of Dabaoshan mine, south China. 

ScienceoftheTotal Environment 407, 1551-156. 

https://doi.org/10.1016/j.scitotenv.2008.10.061 

 

Pott WA, Benjamin SA, Yang RS. 2001. 

Pharmacokinetics, metabolism, and carcinogenicity of 

arsenic. Rev. Environmental. Contamination and 

Toxicology 169, 165-214.  

 

Powers KM, Smith-Weller T, Franklin GM, 

Longstreth WT, Swanson PD, Checkoway H. 

2003. Parkinson’s disease risks associated w Parkinson’s 

disease risks associated with dietary iron, manganese 

and other nutrient intakesith dietary iron, manganese 

and other nutrient intakes. Neurology 60(11), 1761-6. 

 

Prashant Tiwari, Bimlesh Kumar, Mandeep 

Kaur, Gurpreet Kaur. 2011. Harleen Kaur 

Phytochemical screening and Extraction. A Review 

International Pharamational Sciencea. Vol. 1, | Issue 1 

|Available online http://www.ipharmsciencia.com 

 

Preeti Parashar, Faze Masih Prasad. 2013. Study 

of Heavy Metal Accumulation in Sewage Irrigated 

Vegetables in Different Regions of Agra District, India. 

Scientific Research an academic publisher. 

Open 03(01), 1-8. DOI: 10.4236/ojss.31001. 

Rafiquel Islam, Sazal Kumar, Aminur 

Rahman, Joyonto Karmoker, Samrat Ali, Sakinul 

Islam, Md. Saiful Islam. 2018. Trace metals 

concentration in vegetables of a sub-urban industrial area 

of Bangladesh and associated health risk assessment. 

AIMS Environmental Science  5(3), 130-142.  

 

Rajesh Kumar Sharma, MadhoolikaAgrawala, 

Fiona arshallb MM. 2009. Heavy metals in 

vegetables collected from production, & market sites 

of a tropical urban areas of India. Food and chemical 

Toxicology 47, 583-591.  

 

Rajesh Kumar Sharmaa, Madhoolika Agrawala, 

Fiona Marshall. 2007. Heavy metal contamination of 

soil and vegetables in suburban area of Varanasi, India. 

Ecotoxicology and Environmental Safety. 66: 258–266. 

 

Rehman Z, Siddiqui MN. Khatun MA, 

Kamruzzaman M. 2013. Effect of Guava 

(Psidiumguajava) leaf meal on production performances 

and antimicrobial sensitivity in commercialbroiler. 

FeedipediaJ. Natura lProducts 6, 177187.  

 

Rice, Eugene, Bridgewater, Laura W. 2012. 

Standard Methods for the Examination of Water and 

Waste water. American Public Health Association, 

Washington DC, USA. Bookmark: https://trove.nla. 

gov.au/version/180489397 

 

Sahito ATG, Kazi MA, Jakhrani GH, Kazi GQ, 

Shar MMA. 2002. Elemental investigation of 

Momordicacharantia Linn. And Syziginmjambolana 

Linn. Using atomic absorption spectrophotometer. 

Nucleus 39, 49-54. 

 

Samuel Teye Ametepey, Samuel Jerry 

Cobbina, Felix Jerry Akpabey, AbuduBallu 

Duwiejuah1and Zita Naangmenyele 

Abuntori2. 2018. Health risk assessment and heavy 

metal contamination levels in vegetables from Tamale 

Metropolis, Ghana. International Journal of Food 

Contamination 5, 5 https://doi.org/10.1186/s40550-

018-0067-0. Sham K.  

https://doi.org/10.1016/j.scitotenv.2008.10.061
http://www.ipharmsciencia.com/
https://www.researchgate.net/scientific-contributions/2073796813_Preeti_Parashar
https://www.researchgate.net/scientific-contributions/2073929294_Fazal_Masih_Prasad
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://www.aimspress.com/journal/environmental/2018/3.html
https://doi.org/10.1186/s40550-018-0067-0
https://doi.org/10.1186/s40550-018-0067-0


J. Bio. & Env. Sci. 2020 

 

36 | Rind et al. 

Sardar Bahadur Khan, Qing Cao, Josip 

Mikulic, Yizong Huang, Huang and Zhu, Yong-

Guan Zho. 2008. Health risks of heavy metals in 

contaminated soils and food crops irrigated with 

wastewater in Beijing, China. Environmental 

Pollution 152, 686-692. 

 

Smith AH, Hopenhayn-Rich C, Bates MN, 

Goeden HM, Hertz-Picciotto I, Duggan HM. 

Wood R, Kosnett MJ, Smith MT. 1997. Cancer 

risks from arsenic in drinking water. Environmental. 

Health Perspect 259-267. 

 

Sobukola OP, Adeniran OM, Odedairo AA, 

Kajihausa OE. 2010. Heavy metal levels of some fruits 

and leafy vegetables from selected markets in Lagos, 

Nigeria. African Journal of Food Science. 4, p. 389-393. 

 

Solecki J, Chibowski S. 2002. Determination of 

transfer factors for 137 Cs and 90Sr isotopes in 

soil–plant system. Journal of Radioanalytical and 

Nuclear Chemistry.  

 

Sridhara Chary N, Kamala C, Samuel T, 

Suman Raj D. 2008. Assessing risk of heavy metals 

from consuming food grown on sewage irrigated soils 

and food chain transfer. Ecotoxologyl. 

 

Suwei Wang, Xianglin Shi. 2001. Molecular 

mechanisms of metal toxicity and carcinogenesis. 

Molecular and Cellular Biochemistry 222, 3-9. 

Springer link. 

Tsafe AI, Hassan LG, Sahabi DM, Alhassan Y, 

Bala BM. 2012. Evaluation of Heavy Metals 

Uptakeand Risk Assessment of Vegetables Grown in 

Yargalma of Northern Nigeria. Journal of Basic and 

Applied Science Research 2(7), 6708-6714. 

 

Waalkes MP, Ward JM, Liu J, Diwan BA. 2003. 

Trans placental carcinogenicity of inorganic arsenic in 

the drinking water: induction of hepatic, ovarian, 

pulmonary, and adrenal tumors in mice. Toxicology and 

Applied Pharmacology - Journal - Elsevier 186(1), 7-17. 

 

Wadhwa, Tasneem G. Kazi, Hassan I, Afridi, 

Mustafa Tüzen & Demirhan Citak. 2013. Arsenic 

in water, food and cigarettes: A cancer risk to 

Pakistani population. Journal of Environmental 

Science and Health, Part A 48, 1776-1782.  

 

Wajid Ali, Nafees Mohammad3rd, Ijaz, Khalid 

Latif M. 2010. Arsenic Contamination of 

groundwater in Dadu District, Sindh Province, 

Southern Pakistan. 

 

Wang X, Sato T, Xing B, Tao S. 2005. Health risks 

of heavy metals to the general public in Tianjin, China 

via consumption of vegetables and fish. Science of the 

Total Environment, vol. 350, no. 1-3, pp. 28-37.  

 

WHO. 2007. Joint WHO/FAO Convention Task 

Force on the Health Aspects of Air Pollution, Health 

risks of heavy metals from long-range trans-boundary 

air pollution, World Health Organization, Geneva. 

 

 

https://www.sciencedirect.com/science/article/pii/S0147651307000851
https://www.sciencedirect.com/science/article/pii/S0147651307000851
https://www.sciencedirect.com/science/article/pii/S0147651307000851
file:///D:/profile/Nafees_Mohammad
file:///D:/researcher/57880113_M_Ijaz
file:///D:/profile/Khalid_Latif4
file:///D:/profile/Khalid_Latif4

