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In many regions, due to freshwater scarcity, municipal wastewater (MWW) is used for 
crop irrigation. However, heavy metals can be transferred to human and pose diseases. 
Therefore, a greenhouse experiment was conducted in a completely randomized design 
for cress, radish, spinach and turnip irrigated with MWW to determine heavy metals 
transfer factor (TF), pollution factor as single (PF) and comprehensive (Pn), daily intake 
of metals (DIM), health risk index (HRI) and the influence of peeling tuber vegetables 
on these indices. Five wastewater treatments were applied comprising (1) control, (2) 
25% MWW + 75% control, (3) 50% MWW + 50% control, (4) 75% MWW + 25% 
control, and (5) 100% MWW. PFs were Pb (0.85 – 8.35), Cd (0.76 – 15.32), Zn (0.79 – 
10.68) and Cu (0.83 – 9.76) for all vegetable’s soil. Obtained Pn values for Pb, Cd, Zn 
and Cu in all soils were 1.03-15.46. Among vegetables, turnip showed the highest TF, 
DIM and HRI for Cd compared to other metals. Peeling significantly declined Pb, Cd, 
Zn and Cu concentrations by 20.71, 22.22, 21.16 and 19.30% in radish and 20.39, 
22.00, 20.46 and 20.93% in turnip compared to unpeeled forms. It decreased HRI of Pb, 
Cd, Zn and Cu in adults respectively from 0.25-3.11, 0.11-2.20, 0.01-0.14 and 0.09-
1.09, to 0.20-2.48, 0.08-1.74, 0.01-0.11 and 0.07-0.87. Regarding children this index 
was declined from 0.29-3.57, 0.12-2.53, 0.01-0.16 and 0.10-1.25 respectively to 0.23-
2.85, 0.09-2.00, 0.01-0.13 and 0.08-1.00. Therefore, peeling is an efficient way to 
decrease health risk and transfer of heavy metals to human body.  
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INTRODUCTION1  

n many developed and developing countries, 
Soil and plant contamination with heavy metals 
are originated from reuse of wastewater where 

water deficits (Chaoua et al. 2018). Heavy metals 
contamination is of great concern due to toxicity 
and threat to human life and environment (Okoro et 
al. 2017; Bayat et al. 2018). Two main sources of 
heavy metals in the soil and plant are: natural 
processes and anthropogenic processes 
(Najamuddin et al. 2016). Anthropogenic activities 
can enhance levels of heavy metals in soils (Jagus 
et al. 2013) and they can easily transfer from soil to 
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groundwater (Puga et al. 2016) or crops (Olu-
Owaolabi et al. 2012), and can impose hazardous 
affects to plants, animals, and human health (Jalali 
and Hemati 2013; Benhaddya and Hadjel 2014). 
Generally, most of soil metals today are originated 
from anthropogenic sources such as industrial 
activities, automobile emissions, agricultural and 
municipal practices (Wei and Yang 2010; Li and 
Feng 2012; Martín et al. 2013; Karim et al. 2014; 
Burt et al. 2014), among which the influence of 
contaminated water is very important (Raman and 
Narayanan 2014).  

Therefore, long-term application of 
wastewater for irrigation of agricultural crops, 
especially vegetable, may lead to the accumulation 
of heavy metals in soils and eventually transfer to 
plants. Metals such as lead (Pb), cadmium (Cd), 
Zinc (Zn), and copper (Cu) have been recognized 
as hazardous heavy metals, due to their non-
biodegradable and long biological half-life they can 
be accumulated in different parts of living tissues, 
causing various diseases and disorders 
(Ahmaruzzaman 2011; Chaoua et al. 2018). Lead, 
Cd, Zn and Cu distributions within soil profiles 
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depend on pH, soil moisture, OM, interaction other 
nutrients, oxidation and reduction potential, soil 
texture, mineral composition, temperature, water 
regime, plant factors, Eh–pH potential. 

Heavy metal contamination in the edible part 
of plant is the first indicator towards assessment of 
plant safety and quality. Crops grown in 
contaminated soils with heavy metals can 
contribute to accumulation of metals in plant 
tissues. Food chain is a main pathway through 
which heavy metal can enter human body (Pandey 
et al. 2016), and led to disorder and diseases such 
as lower energy levels, damage to blood 
composition, lungs, kidneys, liver and other vital 
organs (Ahmaruzzaman 2011).  

Heavy metals such as Zn and Cu are known 
essential nutrients for human health, however they 
can create toxic signals upon high consumption and 
concentrations in body (Rahman et al. 2014). On 
the other hand, metals such as Pb and Cd have 
carcinogenic effects on human body (Jaishankar et 
al. 2014; Pandey et al. 2016).  

To express the level of transferred heavy 
metals to soil and plant upon application of 
wastewater which can create health risks, various 
indices are used such as transfer factor (TF), daily 
intake of metals (DIM) and health risk index (HRI) 
(Bian et al. 2014; Li et al. 2016; Chaoua et al. 
2018).  

So far, several studies have focused on 
potential risk of heavy metals accumulation in 
plants, especially vegetables, through wastewater 
application. However few studies have been 
conducted on possible pathways which can reduce 
the health risk index of heavy metals in vegetables 
grown under wastewater application.  

Therefore, the main objectives of this study 
are to i) assess the level of heavy metals in soil and 
vegetables affected by MWW , ii) determine TF, 
PF, Pn, DIM and HRI indices, iii) consider how 
peeled tuber vegetable compared to the unpeeled 
ones can affect DIM and HRI indices. In this 
research, due to scarcity of freshwater, farmers 
have been using municipal wastewater to irrigate 
their vegetables without any dilutions. 

MATERIALS AND METHODS 
Wastewater and soil sampling and analyses  

Soil used in pot experiment was collected 
from the agricultural land of Hamadan province, 
western Iran. Soil texture used for culture was 
determined according to the Stokes' law through 
hydrometer method (Bauycos 1962). Furthermore, 
soil pH and electrical conductivity (EC) (1:5, soil 
to deionized water) were also measured (Rowell 
1994). The wet digestion procedure of Walkley-
Black was followed to determine the content of soil 

organic matter (Rowell 1994). Concentration of 
calcium carbonate equivalent was determined by 
titration with NaOH (Sims 1996). The method 
introduced by Lindsay and Norvell (1978) were 
employed to extract heavy metal (Pb, Cd, Zn and 
Cu) from soil using DTPA.  

The MWW sampling point was located in the 
Northeast of Hamadan province, western Iran. The 
water samples were collected from the canal outlet 
where the discharge of municipal wastewater is 
used to irrigate vegetable in the lowland farms. 
Samples of wastewater were stored in polyethylene 
bottles before analyses. Heavy metals 
concentrations of the wastewater samples were 
assessed based on the American Public Health 
Association protocol, as the standard method for 
the examination of water and wastewater. Plasma 
mass spectrometry (ICP-MS) was used to measure 
heavy metals concentrations in the soil and 
wastewater. 

Application of wastewater treatments and plant 
cultivation 

A greenhouse pot experiment was conducted 
in a completely randomized design (CRD) with 
three replicates. Five wastewater treatments were 
applied comprising (1) the control (deionized water 
with pH=6.8, and EC= 0.011 ds m-1), (2) 25% 
MWW + 75% control, (3) 50% MWW + 50% 
control, (4) 75% MWW + 25% control, and (5) 
100% MWW. The common leafy and tuber 
vegetables grown in the agricultural area irrigated 
with MWW are cress (Lepidium sativum), radish 
(Raphanus sativus), spinach (Spinacia olerace) and 
turnip (Brasica Rapa Rapa). Having provided the 
seeds of these vegetables from local market, five 
seeds were planted in each pot under greenhouse 
condition and 1 L of treatment was applied to each 
pot per day without any drainage.  

Soil and plant sampling and analyses after harvest  

After one month cress and radish and after two 
months spinach and turnip were harvested and the 
edible parts of vegetables were sampled. Soil 
samples from each pot at the end of experiment 
were collected from 0-25 cm layer of each pot 
using an auger. The soil samples were air dried 
(Nan et al. 2010) and passed through a 2-mm sieve 
(Száková et al. 2015) and the concentrations of 
heavy metals in soils were determined (Lindsay 
and Norvell 1978). The leaf and tuber samples of 
cress, spinach and radish and turnip, were initially 
rinsed with running tap water of low pressure to 
remove soils attached to the surface and then with 
distilled water (Kalavrouziotis et al. 2012). 
Afterwards, the concentrations of heavy metals 
were evaluated in both unpeeled and peeled tubers 
using the concentrated nitric acid and hydrogen 
peroxide (Du Laing et al. 2003). Plasma mass 
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spectrometry (ICP-MS) was used to determine 
heavy metal concentrations in the soils and plants.  
Determination of transfer and health risk indices 

Transfer factor (TF) 

The transfer factor calculated in this study was 
based on the total metal concentration in the edible 
part of plant to soil (Gebrekidan et al. 2013).  

TF = 	 	 	 	 	 	 	 	
	 	 	 	

  (Eq. 1) 

Pollution factor as single (PF) and 
comprehensive (Pn), pollution load index (PLI)  

 In this study, three indices of the PF, Pn and 
PLI are applied to qualify the degree of heavy 
metal enrichment. In order to identify the type of 
metals responsible for pollution, PF and Pn were 
used, while the cumulative effect of all 
contaminants were manifested using the PLI 
indices (Esmaeili et al. 2014). Accordingly, three 
pollution indices are calculated using the following 
equations: 

To determine the level of soil pollution to 
heavy metals, the factor PF was used. This factor 
can be calculated as follows: 

PF = 	    (Eq. 2)  

where, Cmetal is the concentration of metal in soil 
affected by wastewater and Cbackground concentration 
of metal in the primary soil.  

Pn = ( ∑ PF) + (max PF) /2 
  (Eq. 3) 

where, Pn is the comprehensive pollution factor, 
max (PF) is the maximum value of the pollution 
factor of the heavy metal, and n is the number of 
heavy metals. 

To determine the level of pollution risk and 
awareness of hazard potential for heavy metal, PLI 
was used. The mathematical expression of this 
factor is given below:  

PLI = 	 √PF1 ∗ PF2 ∗ …∗ PFn   (Eq. 4) 

where, PF represents the pollution factor of each 
metal and n is the number of heavy metals studied.  

Daily intake of heavy metals (DIM) 

DIM dependent on two parameters including 
the amount of metals in plants and their 
consumption, and can be as follows:  

DIM = 	 	∗	 	∗	    (Eq. 5) 

where, Cmetal, Cfactor, Cfoodintake and BWaverage are, 
respectively, shown the heavy metal concentrations 
in edible parts of plant (mg kg-1), conversion factor 
(conversion of fresh vegetable weight into dry 

vegetable weight), daily intake of vegetables and 
the average body weight. 

To convert fresh vegetable weight to dry 
weight the factor 0.085 was applied, as described 
by Cheraghi et al. (2013). The average daily intake 
of vegetable for adults and children was considered 
to be 0.345 and 0.232 kg per person per day, 
respectively, while 55.9 and 32.7 kg were 
appointed as the average body weight of adults and 
children, respectively (Cheraghi et al. 2013).    

Health risk index (HRI) 

Health risk index can be calculated through the 
following equation: 

HRI = 	    (Eq. 6) 

where, DIM and RFD refer to daily intake of heavy 
metals and oral reference dose of each heavy 
metals. Oral RFDs for Pb, Cd, Zn and Cu are 
0.004, 0.001, 0.3 and 0.04 mg kg-1 day-1, 
respectively (WHO/FAO 2013).  

Statistical analysis 

The collected data were processed statistically 
through SAS (Version 9.4) and Excel. In SAS, the 
ANOVA procedure was used to measure the 
statistically significant differences between the 
treatments. Statements were reported with the p-
values at P < 0.05.  

RESULTS  
Wastewater characteristics  

Results related to physicochemical properties 
of the MWW used for crop irrigation are shown in 
Table 1. The MWW color was brown with an 
unpleasant smell. Average pH and EC values of the 
MWW samples were 7.90 and 0.02 ds m-1 which 
were within the permissible limits for irrigation 
water set by Alghobar and Suresha (2017) (i.e., 
pH= 6.5 - 8.5; EC < 0.03). Concentrations of heavy 
metals in MWW samples were 1.56, 0.08, 1.72 and 
0.14 mg L-1 for, Pb, Cd, Zn and Cu, respectively.  

Soil characteristic  

Results related to some of soil 
physicochemical properties are shown in Table 1. 
The amount of soil calcium carbonate equilibrate 
and organic matter were 24.56 and 0.79 %, 
respectively. The concentrations of heavy metals in 
soil were in the following order: Cu > Zn > Pb > 
Cd with the average values of 3.68, 0.41, 10.62 and 
12.34 mg kg -1, respectively.  

Heavy metal concentrations in soils after harvest 

Results related to the total concentrations of 
Pb, Cd, Zn and Cu in soil samples after plant 
harvest are given in Table 2. With the addition of 
100 % MWW (fifth treatment), the heavy metals 
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concentrations increased significantly (P<0.05) in 
the soil with the following order: Cu > Zn > Pb 
>Cd. The ranges of heavy metals in soil after plant 
harvest were, respectively, 3.10-30.47, 0.31-6.28, 
8.40-113.44 and 10.26-120.44 mg kg-1 for Pb, Cd, 
Zn and Cu.   

Heavy metal concentrations in vegetables 

According to Table 3, the concentrations of 
heavy metals in edible parts of vegetables irrigated 
with MWW were in the following order: Cu > Zn > 
Pb >Cd. The concentration related to Pb, Cd, Zn 
and Cu equaled to 1.83-23.70, 0.18-4.19, 4.54-
80.92 and 6.44-83.2 mg kg-1, respectively.  

Pollution indices, transfer and health risk of 
heavy metals  

TF indices for studied vegetables are shown in 
Table 4, where the mean values are ranged between 
0.45- 0.82, 0.51- 0.84, 0.54-0.71 and 0.54-0.69 in 
all treatment for Pb, Cd, Zn and Cu. According to 
Eqs. (2), (3) and (4), the values of PF, Pn and PLI 

were calculated. Soil samples based on PF, Pn and 
PLI are shown in Table 4. The descending order of 
mean PF for all sites was Cd > Zn > Cu > Pb. In 
this research, Hakanson classification (Hakanson 
1980) was used for PF to evaluate the level of 
heavy metals contamination. PF variability range 
are PF < 1, 1 ≤ PF < 3, 3 ≤ PF < 6 and 6 ≤ PF 
shown pollution intensity as low, medium, high and 
very high, respectively. PFs were Pb (0.85 – 8.35), 
Cd (0.76 – 15.32), Zn (0.79 – 10.68) and Cu (0.83 
– 9.76) for all vegetable’s soil. The Pn for all 
sampling points was calculated to show the relative 
magnitudes of soil pollution. Obtained Pn values 
for Pb, Cd, Zn and Cu in all soils were 1.03-15.46. 
PLI higher than one indicates the level of 
contamination in comparison with the non-
contaminated sites. As shown in Table 4 the 
highest PLI (10.75) was observed in fifth 
treatment’s sample for turnip’s soil.  

To assess the risk and threat of heavy metals 
to human, some parameters including concentration 
of heavy metals in vegetable, amount of 

 
Figure 1. Daily intake of metals (DIM) for each vegetable irrigated with municipal wastewater (Numbers in Y axis i.e. 1, 2, 
3, 4 and 5 are treatment). 
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consumption and age group (adults or children) 
were considered through IDM and HRI. Results 
related to these indices for adults and children are 
presented in Figure 1 and Table 5.  

DIM related to cress, radish, spinach and 
turnip for Pb, Cd, Zn and Cu consumed by adults 
and children are shown in Figure 1. With respect to 
adults, DIM were 0.00-0.01, 0.00-0.02, 0.00-0.04 
and 0.00-0.04 for Pb, Cd, Zn and Cu, respectively, 
and regarding children these values they were 0.00-
0.01, 0.00-0.00, 0.00-0.05 and 0.00-0.05 for Pb, 
Cd, Zn and Cu, respectively. Furthermore, Results 
related to the concentration of metals in unpeeled 
and peeled tuber vegetables are show in Figure 2.  

DISCUSSION  
According to Table 1, the concentrations of all 

heavy metals in MWW excluding Cd were within 
the permissible limits appointed by WHO and 
FAO, however, all metals except Pb were within 
the permissible limits set by EPR. Similar findings 
were obtained by Pandey et al. (2016), Lee et al. 
(2016) and Islam et al. (2016), while they were in 
conflict with those acquired by Khan et al. (2009). 
Due to presence of heavy metals in municipal 
wastewater, it should be treated properly before any 

application to farms for crop irrigation especially in 
regions where freshwater is scarce as in the studied 
area.  

Likewise, soil test results (Table 1) indicated 
that concentration of Pb, Cd, Zn and Cu in soil 
were lower than the permissible limits i.e., 10-100, 
<1-2, 17-125 and 6-60 mg kg-1, respectively 
(Kabata-Pendias 2011). However with application 
of 100 % MWW (fifth treatment), the heavy metals 
concentrations increased significantly (P<0.05) in 
the soil (Table 2). Similarly, Lu et al. (2016), 
Alghobar and Suresha (2017) and Chaoua et al. 
(2018) reported that irrigation of crops using 
municipal wastewater contributed to substantial 
rise in the concentration of heavy metals in soil. 

According to Table 3, the concentrations of 
Pb, Cd and Cu in vegetables were higher than the 
permissible limits of European Union Standards 
(WHO/EU 2002). Several studies have also 
reported high concentrations of heavy metals under 
application of municipal wastewaters. For instance, 
Pandey et al. (2016) demonstrated that the 
concentrations of Pb, Cd, Zn and Cu were, 
respectively, 0.37, 0.04; 14.96 and 12.04 mg kg-1. 
Likewise, Yu et al. (2006) showed that the 

 
Figure 2. Concentration of heavy metals in unpeeled tuber compared to peeled tuber vegetables. 
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concentration of Pb; Cd, Cu and Pb were raised to 
1.30, 0.19, 6.50 and 9.08 mg kg-1 under irrigation 
with municipal wastewater. Liao et al. (2016) 
showed that the concentrations of Cd, Zn and Cu 
were surged to 1.93, 63.65 and 4.62 mg kg-1, 
respectively, in plant irrigated with wastewater. 
Mahmood and Malik (2014) also reported high 
concentration of metals i.e., Pb, Cd, Zn and Cu 
with respectively 0.64, 0.21, 45.65 and 4.10 mg kg-

1 in plant cultivated in lands receiving wastewater.  

Pb is a carcinogenic metal with a severe health 
risk upon consumption by human at high 
concentrations. It is proven that vegetables have 
high potential for Cd accumulation without 
showing toxicity symptoms (Pandey et al. 2016). In 
the present study, Cd concentration (0.18-4.19 mg 
kg-1) was above the permissible limit (0.001 mg kg-

1) set by WHO/EU (2002). Moreover, Zn and Cu 
are micro-nutrient and can promote plant growth, 
however, at high concentration they can pose toxic 
effects (e.g., enzymes malfunction) to living 
beings. According to previous research, the food 
chain has been the main pathway through which 
heavy metal can be transferred from environment 
to human body. Reduced immunological defense, 
intrauterine growth retardation, psychosocial 
dysfunctions, disabilities and a high prevalence of 
gastrointestinal cancer are some human health 

problems caused by heavy metals e.g. Pb, Cd, Zn 
and Cu while they also enhance depletion of 
essential nutrients off the body (Singare et al. 
2010). 

Many studies have focused on environmental 
pollution caused by application of MWW in 
agricultural soils of Iran. However information 
regarding the health risk of heavy metals in 
vegetable irrigated with MWW is limited. Health 
risk of heavy metals can be assessed through TF 
representing the level of metal transfer from soil to 
plant. The index TF is a function of various factors 
such as soil pH, particle size, organic matter 
content, and heavy metals availability. TF greater 
than one indicates higher accumulation of metals in 
plant compared to soil. As can be seen in Figure 3, 
TF in Turnip is higher than those in other vegetable 
indicating great potential of turnip for transfer of 
heavy metal to human body through consumption.  

According to Table 4, the highest PF was, 
respectively related to Cd, Zn, Cu and Pb. In this 
research, Hakanson Classification (Hakanson, 
1980) was used for PF to evaluate the level of 
heavy metals contamination (Table 4). PLI higher 
than one indicates the level of contamination in 
comparison with the non-contaminated sites. As  

Table 1. Mean values of physicochemical parameters and concentrations of heavy metals in wastewater and used soil. 

Wastewater 
Characteristics Observed 

value 
Permissible limit Standard 

limit for 
irrigation b 

Guidelines for 
irrigation 
water c 

WHO/FAO 
(2007) 

USEPA 
(2010) 

EPR* (1986)a 

pH 7.9 - -  6.5-8.5 - 
EC (ds/m, 25 ◦C) 0.02 - - - < 0.03 - 
Pb (mg L-1) 1.56 5.0 0.06 0.10 2.00 0.06 
Cd (mg L-1) 0.08 0.01 0.00 2.00 0.01 0.05 
Zn (mg L-1) 1.72 2.0 0.20 5.00 2.00 0.20 
Cu (mg L-1) 0.14 0.2 0.02 3.00 0.10 0.02 

Soil 
Characteristics Observed value  Permissible limit Guidelines 

for soil c WHO/FAO (2007) USEPA (2010) WHO/EU 
(2002) 

pH 7.8 - - - - 
EC (ds/m, 25 ◦C) 0.25 - - - - 
CaCO3 % 24.56 - - - - 
Organic matter % 0.79 - - - - 
Sand % 32.2 - - - - 
Silt % 40.65 - - - - 
Clay % 27.15 - - - - 
Soil texture Clay loam - - - - 
Pb (mg kg-1) 3.68 250-500 300 300 100 
Cd (mg kg-1) 0.41 3.0-6.0 3.0 3.0 3.0 
Zn (mg kg-1) 10.62 300-600 200 300 300 
Cu (mg kg-1) 12.34 135-270 50 140 100 
a, Pandey et al. 2016 
b, Alghobar and Suresha 2017 
c, Gebrekidan et al. 2013 
* Environmental Protection Rules, standard for wastewater discharge to inland surface water. 
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shown in Table 4 the highest PLI (10.75) was observed in fifth treatment for turnip’s soil.  

Table 2. Mean concentration of heavy metals (mg kg-1) in soil that vegetable irrigated with wastewater at the end of the 
experiment. 
Vegetable’s soil 
 

Treatment heavy metal (mg kg-1) 
Pb Cd Zn Cu 

Cress 1 3.11e 0.35e 8.48e 10.26e 
2 5.56d 1.74d 26.90d 25.60d 
3 7.27c 2.73c 38.38c 39.36c 

4 10.20b 2.98b 49.96b 52.00b 
5 11.27a 3.25a 61.14a 68.52a 

      
Radish 1 3.20e 0.37d 8.62e 10.82e 

2 5.51d 1.82c 29.34d 27.38d 
3 8.15c 2.63b 40.34c 41.08c 
4 11.82b 2.72b 52.60b 57.80b 
5 13.19a 3.40a 65.24a 77.36a 

      
Spinach 1 3.35e 0.31e 8.40e 10.72e 

2 9.31d 3.24d 50.72d 47.76d 
3 14.96c 4.32c 74.28c 74.52c 
4 20.29b 4.90b 92.80b 88.68b 
5 28.31a 5.36a 105.68a 112.76a 

      
Turnip 1 3.10e 0.32e 8.66e 10.90e 

2 10.67d 3.40d 55.68d 55.92d 
3 15.60c 4.48c 83.82c 81.52c 
4 21.00b 5.31b 101.28b 95.88b 
5 30.47a 6.28a 113.44a 120.44a 

WHO/EU (2002) 300 3.00 300 140 
Means with the same letter for each element and vegetable’s soil shown not significantly different using the Duncan test (p < 
0.05). Treatment number: 1) the control (D.W), 2) 25% MWW + 75% control, 3) 50% MWW + 50% control, 4) 75% MWW 
+ 25% control, and 5) 100% MWW. 
 

 
Figure 3. Heavy metals transfer factor for vegetables with treated municipal wastewater. 
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To assess the risk and threat of heavy metals 
to human, some parameters including concentration 
of heavy metals in vegetable, the amount of 
consumption and age group (adults or children) 

were also considered. Results related to IDM and 
HRI for adults and children are presented in Figure 
1 and Table 5.  

Table 3. Mean concentration of heavy metals (mg kg-1) in edible part of vegetables at the end of the experiment. 

Vegetable 
 

Treatment heavy metal (mg kg-1) 
Pb Cd Zn Cu 

Cress (Leaf) 1 1.83e 0.19e 4.96e 6.44e 
2 3.25d 0.88d 14.38d 15.80d 
3 4.30c 1.46c 22.62c 25.04c 
4 5.73b 1.67b 27.62b 30.56b 
5 6.11a 1.82a 35.38a 39.20a 

      
Radish (Tuber) 1 1.93e 0.20e 5.12e 6.74e 

2 3.40d 0.95d 16.38d 16.40d 
3 4.97c 1.50c 25.68c 27.36c 
4 6.53b 1.72b 31.40b 31.22b 
5 7.14a 1.88a 37.30a 42.46a 

      
Spinach (Leaf) 1 1.91e 0.18e 4.54e 6.60e 

2 4.19d 1.80d 29.72d 30.72d 
3 7.88c 2.37c 40.60c 46.00c 
4 10.20b 2.84b 54.98b 51.92b 
5 13.82a 3.27a 60.74a 73.08a 

      
Turnip (Tuber) 1 2.18e 0.23e 5.62e 6.82e 

2 7.92d 2.86d 38.50d 37.02d 
3 11.37c 3.53c 52.26c 52.38c 
4 17.20b 3.77b 68.80b 64.80b 
5 23.70a 4.19a 80.92a 83.20a 

WHO/EU (2002) 5.00 0.001 - 0.20 
Means with the same letter foe each element and vegetable shown not significantly different using the Duncan test (p < 
0.05). Treatment number: 1) the control (D.W), 2) 25% MWW + 75% control, 3) 50% MWW + 50% control, 4) 75% MWW 
+ 25% control, and 5) 100% MWW. 
 
Table 4. Soil contamination indices for each site.   
Vegetable’s soil 
 

Treatment PF Pn PLI 
Pb Cd Zn Cu 

Cress 1 0.85 0.85 0.80 0.83 1.03 0.83 
2 1.52 4.24 2.53 2.07 3.96 2.41 
3 1.99 6.66 3.61 3.19 6.09 3.51 
4 2.79 7.27 4.70 4.21 6.99 4.48 
5 3.09 7.93 5.76 5.55 7.91 5.29 

        
Radish 1 0.88 0.90 0.81 0.88 1.08 0.87 

2 1.51 4.44 2.76 2.22 4.16 2.53 
3 2.23 6.41 3.80 3.33 6.01 3.67 
4 3.24 6.63 4.95 4.68 6.76 4.72 
5 3.61 8.29 6.14 6.27 8.44 5.83 

        
Spinach 1 0.92 0.76 0.79 0.87 1.06 0.83 

2 2.55 7.90 4.78 3.87 7.35 4.39 
3 4.10 10.54 6.99 6.04 10.17 6.54 
4 5.56 11.95 8.74 7.19 11.89 8.04 
5 7.76 13.07 9.95 9.14 13.60 9.80 

        
Turnip 1 0.85 0.78 0.82 0.88 1.04 0.83 

2 2.92 8.29 5.24 4.53 7.87 4.9 
3 4.27 10.93 7.89 6.61 10.72 7.02 
4 5.75 12.95 9.54 7.77 12.84 8.62 
5 8.35 15.32 10.68 9.76 15.46 10.75 

Treatment number: 1) the control (D.W), 2) 25% MWW + 75% control, 3) 50% MWW + 50% control, 4) 75% MWW + 25% 
control, and 5) 100% MWW. 
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HRI, as an indicator of health risk of heavy 
metals is lower than 1.0, it indicates that the food is 
safe for the consumer and values above 1 show that 
consumption of the food is risky (Jalali and Meyari 
2016). Data showed that HRI was higher for 
children compared to adults indicating that children 
are more affected to heavy metals compared to 
adults. HRI values for cress and radish which were 
irrigated for 1 month with MWW were below 1, 
however HRI values for spinach and turnip 
irrigated for 2 month were higher than 1 especially 
for Pb and Cd. Results were in line with those 
obtained by Chaoua et al. (2018).  

In this research, HRI values regarding Pb, Cd, 
Zn and Cu in vegetables were surged significantly 
by increasing the proportion of applied MWW 
indicating that consumption of such vegetables 
were relatively associated with high health risk. 
Similar findings were acquired by Haftbaradaran et 
al (2018) results showed that the consumers 
especially children, are at higher risks of mineral 
pollutants. Reported by Balkhair and Ashraf (2016) 
HRI for Pb and Cd in vegetable irrigated by 
wastewater were more than 1, i.e. 8.14 and 1.67, 
respectively, whereas the HRI values for Zn and Cu 
in vegetable irrigated with wastewater were lower 
than 1, i.e. 0.0003 and 0.0022, respectively. Hence, 

Table 5. Health risk index (HRI) for vegetables irrigated with municipal wastewater. 

Vegetable Treatment  HRI 
Pb Cd Zn Cu 

Cress (Leaf) 1 Adults 0.24 0.10 0.01 0.08 
Children 0.28 0.12 0.01 0.10 

2 Adults 0.43 0.46 0.03 0.21 
Children 0.49 0.53 0.03 0.24 

3 Adults 0.56 0.77 0.04 0.33 
Children 0.65 0.88 0.05 0.38 

4 Adults 0.75 0.88 0.05 0.40 
Children 0.86 1.01 0.06 0.46 

5 Adults 0.80 0.96 0.06 0.51 
Children 0.92 1.10 0.07 0.59 

       
Radish (Tuber) 1 Adults 0.25 0.11 0.01 0.09 

Children 0.29 0.12 0.01 0.10 
2 Adults 0.45 0.50 0.03 0.22 

Children 0.51 0.57 0.03 0.25 
3 Adults 0.65 0.79 0.05 0.36 

Children 0.75 0.91 0.05 0.41 
4 Adults 0.86 0.90 0.06 0.41 

Children 0.98 1.04 0.06 0.47 
5 Adults 0.94 0.99 0.07 0.56 

Children 1.08 1.13 0.08 0.64 
       
Spinach (Leaf) 1 Adults 0.25 0.09 0.01 0.9 

Children 0.29 0.11 0.01 0.10 
2 Adults 0.55 0.94 0.05 0.40 

Children 0.63 1.09 0.06 0.46 
3 Adults 1.03 1.24 0.07 0.60 

Children 1.19 1.43 0.08 0.70 
4 Adults 1.34 1.49 0.10 0.68 

Children 1.54 1.71 0.11 0.78 
5 Adults 1.81 1.72 0.11 0.96 

Children 2.08 1.97 0.12 1.10 
       
Turnip (Tuber) 1 Adults 0.29 0.12 0.01 0.09 

Children 0.33 0.14 0.01 0.10 
2 Adults 1.04 1.50 0.07 0.49 

Children 1.19 1.73 0.08 0.56 
3 Adults 1.49 1.85 0.09 0.69 

Children 1.71 2.13 0.11 0.79 
4 Adults 2.26 1.98 0.12 0.85 

Children 2.59 2.27 0.14 0.98 
5 Adults 3.11 2.20 0.14 1.09 

Children 3.57 2.53 0.16 1.25 
Treatment number: 1) the control (D.W), 2) 25% MWW + 75% control, 3) 50% MWW + 50% control, 4) 75% MWW + 
25% control, and 5) 100% MWW. 
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consumption of these vegetable polluted with Pb 

and Cd is unsafe, but those containing Zn and Cu 
can be relatively safer.  

Various studies have shown a significant 
reduction in concentration of hazardous metals in 
peeled tuber vegetables compared to the unpeeled 
ones (Chung et al. 2011). In all treatment, the 
concentration of metals in unpeeled compared to 
the peeled radish and turnip were higher (Figure 2). 
This indicates that peeling tuber vegetable can 
contribute to substantial decline in the 
concentration of heavy metals, and thus reduction 
in their transfer, and health risk to human. 
Comparing data related to peeled and unpeeled 
tuber vegetables (Figure 2., Table 5 and 6) shows 
that peeling can be an efficient way to reduce the 
concentration of heavy metal were lower in food 
and consequently in the DIM and HRI.  Similar 
results were demonstrated by Corguinha et al. 
(2012) and Norton et al. (2015) where the 
concentrations of heavy metals were significantly 
decreased after peeling the tuber vegetable.  

CONCLUSIONS 
According to this research as the proportion of 
MWW increases the concentrations of heavy 
metals in vegetables can increase significantly. 
Depending on the composition of MWW the 
increase will be different for various heavy metals. 
Contrary to Zn, concentrations of Pb, Cd and Cu 
were higher than the permissible limits of European 
Union Standards. Turnip compared to spinach, 
cress and radish has higher potential for transfer of 
heavy metals especially Cd and thus can have the 
highest TF. PFs were Pb (0.85 – 8.35), Cd (0.76 – 
15.32), Zn (0.79 – 10.68) and Cu (0.83 – 9.76) for 
all vegetable’s soil. Obtained Pn values for Pb, Cd, 
Zn and Cu in all soils were 1.03-15.46. By 
increasing MWW%, DIM and HRI can increase 
substantially where these values are much larger 
for Pb and Cd in turnip compared to other studied 

vegetables. Peeling the tuber vegetables can 

substantially decrease the concentrations of heavy 
metals along with DIM and HRI indices in tuber 
vegetables. Results showed that peeling tuber 
vegetables significantly declined the concentrations 
of Pb, Cd, Zn and Cu by 20.71, 22.22, 21.16 and 
19.30% in radish and 20.39, 22.00, 20.46 and 
20.93% in turnip compared to the unpeeled forms. 
Furthermore, peeling decreased the HRI index in 
adults from 0.25-3.11, 0.11-2.20, 0.01-0.14 and 
0.09-1.10, respectively for Pb, Cd, Zn and Cu to 
2.00-2.48, 0.08-1.74, 0.01-0.11 and 0.070-0.87. 
Similarly, regarding children this index was 
declined from 0.29-3.57, 0.12-2.53, 0.01-0.16 and 
0.10-1.25 respectively for Pb, Cd, Zn and Cu to 
0.23-2.85, 0.09-2.00, 0.01-0.13 and 0.08-1.00. 
Therefore, peeling tuber vegetables could drop HRI 
index for adults and children to below 3 and 2 
regarding Pb and Cd, respectively, and below 1 for 
Zn and Cu indicating that peeling can be an 
efficient way to decrease health risk and transfer of 
heavy metals to human body. However, the best 
way to limit the entrance of heavy metals into food 
chain through consumption of plants is to avoid 
application of municipal wastewaters unless 
otherwise they have been treated properly. The 
level of heavy metals in MWW for crop irrigation 
should be lower than the standard permissible 
levels.  
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