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Abstract  Article Info 

The present study was carried out to investigate heavy metal accumulation inthirty-

three soil samples from different depths and six vegetable samples and to assess the 

human health risks of vegetable consumption. Four vegetable types (cress, leek, chard 

and celery) were irrigated with wastewater cultivated on farmland contaminated with 

heavy metals (Cu, Pb, Zn, and As) from Khassa river of Kirkukcity. The order of 

heavy metal concentration was found in Zn > Cu>Pb>As in vegetable samples and Zn 

> Cu>Pb>As was observed in soil samples. The health risk assessment methods 

include target hazard quotient (THQ) and hazard quotient (HQ) were used to assess the 

human health risks posed by heavy metals through vegetable consumption. 
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Introduction 

 

Use of wastewater to irrigate agricultural lands is one of 

common practice in suburban and industrial areas in 

many parts of the world (Sharma et al., 2007; Gupta et 

al., 2008). Wastewater irrigation leads to accumulation 

of heavy metals in the soil (Singh et al., 2004; Mapanda 

et al., 2005). The increasing demands for food and food 

safety has drawn the attention of researchers to the risks 

associated with consumption of contaminated foodstuffs 

i.e. pesticides, heavy metals and or toxins in vegetables 

(Mello, 2003; Abdollatif et al., 2009). 

 

Heavy metals contamination is a major problem of our 

environment and they are also one of the major 

contaminating agents of our food supply (Khair, 2009). 

Wastewater carries appreciable amounts of trace toxic 

metals (Pescod, 1992; Yadav et al., 2002) which often 

leads to degradation of soil health and contamination of 

food chain mainly through the vegetable grown on such 

soils (Rattan et al., 2002).  
 

The toxic elements accumulated in organic matter in 

soils are taken up by growing plants and lastly exposing 

humans to this contamination (Khan et al., 2008). Lead 

is the most toxic and the most abundant heavy metal in 

food. Excessive accumulation of these heavy metals in 

human bodies creates the problems like cardiovascular, 

kidney, nervous and bone diseases (Jarup, 2003; WHO, 

1992; Steeland et al., 2000). It is known that serious 

systemic problems can develop as a result of increased 

accumulation of dietary heavy metals such as cadmium 

and lead in the human body. However, very few studies 

have investigated multiple heavy metals (Cu, Pb, Zn and 

As) in soils. Therefore, in this study, field experiments 

were carried out on Cu, Pb, Zn and As contaminated 

farmland from Khassa river in Kirkuk city, northern Iraq, 

where six vegetable samples (four vegetable types) were 
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used in the trials. The main purposes of this study were ; 

(1) to investigated the concentration of heavy metals (Cu, 

Pb, Zn and As) in soil irrigated by wastewater, (2) effect 

of wastewater irrigation on the vegetable grown in 

Kirkuk area, northern Iraq, (3) to assess the health risks 

of vegetable consumption on residents (adults and 

children). 

 

Method of Study 

 

Thirty-three soil samples from different depths (0-15 cm 

depths) and six vegetable samples were collected by 

hand trowel using polyethylene sacs to avoid accidental 

contamination and these samples were analyzed by ICP-

MS techniques at Acme Lab. /Canada for detail 

geochemical. The edible parts of the vegetable samples 

were washed by distilled water many times to remove all 

dusts and soil from it and these samples were dried in 

oven under 60C
o
 for 3-5 hours. The accuracy and 

precision of metal analysis were ensured through 

replicate analyses samples against standards reference 

material (SRM) for all the heavy metals. The results 

were found to be within ± 2 % of certified values, thus 

demonstrating the accuracy of our findings. 

 

Results and Discussion 

 

Heavy metal in soil 

 

The concentrations of heavy metals in soil (mg/kg) of the 

study area are presented in Table 1, and ranged from 20 

to 66for Cu, 3 to 61for Pb,3 to 8 for As, and 44 to 217 

for Zn. The highest concentration recorded in the study 

soil samples was for Zn followed by Cu, Pb and As. 

Concentration level of Cu was lower than the 

international standard, except samples10 and 11 were 

higher. Few samples (DEFRA, 1999) show high levels of 

Pb, higher than the international standard. The high 

concentration of Pb is due to pollution by wastewater 

irrigation process (Hutchinson et al., 1987). 

Concentration level of As was lower than the 

international standard in all soil samples. Concentration 

level of Zn was lower than the international standard, 

except samples10, 11 and 33 were show higher. Highest 

deposition of Zn in the study soil samples might be due 

to result from long-term applications of wastewater that 

may contaminate soil (Veeresh et al., 2003). 
 

Heavy Metal in Vegetables 

 

The toxic trace elements concentrations in edible parts of 

vegetables are listed in Table 2, and shown in Figure 1. 

The concentration of trace elements (mg/kg) ranged from 

44.3 to 100.37 for Cu, 4.03 to 16.04 for Pb, 1 to 3.4 for 

As, and 187.9 to 870.0 for Zn. The levels of Pb, As and 

Zn in all vegetable samples were higher than the safe 

limit of WHO. The average concentration of Cu was 

69.815 mg/kg and it was with the safe limit of WHO, 

except in leek and chard were show high level 

concentrations (87.39 and 100.37 mg/kg; 

respectively).The concentrations of Pb and As were 

highest in cress (16.04; 3.4 mg/kg, respectively). The 

highest concentration of Zn was found in cress (870.2 

mg/kg) followed by celery-2 (187.9 mg/kg). 

 

Transfer Factors for Heavy Metals (TF) 

 

TF is a parameter used to describe the mobility of heavy 

metals from soil to vegetable. TF was calculated to 

understand the risk associated with wastewater irrigation 

and consequent heavy metal accumulation in the edible 

portions of the test vegetables following a standard 

procedure (Cui et al., 2004): 

 

TF= 

 

Transfer factor more than 1, mean that the plant is 

extracted the element from soil and concentrated in the 

tissues, where less than 1 indicates that plant is excluding 

the element from its tissues. TF for Cu ranged from 0.99 

(celery-1) to 3.72 (chard) as shown in Table 3, the chard 

plant show highest TF for Cu. The TF for Zn ranged 

from 1.38 (celery-1) to 10.12 (cress), the cress plant has 

highest TF for Zn, because it is important for 

physiological processes, such as; Photosynthesis. The TF 

for Pb and As was show less than 1, indicates that the 

plant is excluding the element from its tissues 

(Lokeshwari et al., 2006).The cress show higher TF for 

elements; Cu and Zn as compared to other vegetables. 

This is because leafy vegetables have higher 

translocation and transpiration rate as compared to other 

vegetables in which transfer of metals from root to stem 

and then to fruit is longer which results in lower 

accumulation than leafy vegetables (Itanna, 2002). 

 

Health Risk Assessment of Heavy Metals 

 

Two international parameters include; target hazard 

quotient (THQ) (Wang et al., 2005), hazard quotient 

(HQ) (Sridhara et al., 2008; Chien et al., 2002) were 

used to study the effect of these vegetables to the human 

health. 
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Target Hazard Quotient (THQ) Method 

 

The potential health risks of heavy metal consumption 

through vegetables were assessed based on the target 

hazard quotient (THQ) method, which was described in 

detail by the United States Environmental Protection 

Agency. The THQ is calculated using the following 

equation (Wang et al., 2005): 

 

THQ= (EFEDFIRC/RFDWABTA)*10
-3 

 

where EF is the exposure frequency (350 days/year); ED 

is the exposure duration (70 years, equivalent to the 

average lifetime); FIR is the food ingestion rate 

(vegetable consumption values for adultsis 301.0 

g/person/day); C is the metal concentration in the edible 

parts of vegetables (mg/kg); RfD is the food reference 

dose for the metal (mgd
-1

), the values of RfD for heavy 

metals were taken from Integrated Risk Information 

System and Department of Environment, Food and Rural 

Affairs (DEFRA, 1999). WABis the average body weight 

(55.9 kg for adults, for chins peoples) (Zheng et al., 

2007) then, the average body weight for eastern peoples 

were estimated to be 67 kg. The THQ of Cu, Pb and Zn 

show high values more than 1, while the THQ of As was 

below than 1 (Table 4).
 

Table 1. Heavy metal concentrations (mg/kg) in study soil samples 

 
 

S.No. Cu Pb As Zn 

1 21 3 4 48 

2 29 18 4 86 

3 22 18 5 51 

4 28 17 4 94 

5 21 5 6 46 

6 20 3 3 44 

7 24 15 5 49 

8 27 25 5 63 

9 27 10 5 68 

10 65 61 5 217 

11 66 39 6 197 

12 24 23 5 57 

13 26 10 6 57 

14 26 17 4 59 

15 28 12 7 67 

16 26 4 4 55 

17 25 3 7 51 

18 23 10 5 51 

19 27 8 5 57 

20 27 18 6 56 

21 28 17 6 59 

22 24 8 6 53 

23 24 3 6 54 

24 24 25 7 57 

25 25 16 6 62 

26 25 4 6 57 

27 23 3 7 52 

28 22 3 6 49 

29 26 5 6 63 

30 21 5 6 46 

31 21 3 6 45 

32 23 19 7 68 

33 39 38 8 119 

Range 20-66 3-61 3-8 44-217 

Average 27.48 14.18 5.58 68.39 

International shale* 45 20 13 95 

*Source: Turekian and Wedepohl (28) 
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Table 2. Heavy metal concentrations (mg/kg) in study vegetable samples 

 

S.No. Vegetable 

type 

Cu Pb As Zn 

1 Cress 71.39 16.04 3.4 870.2 

2 Leek 87.39 11.46 1.8 311.2 

3 Chard 100.37 11.68 1.6 299.8 

4 Celery-1 65.06 9.34 1.2 272 

5 Celery-2 50.38 5.06 1.4 187.9 

6 Celery-3 44.3 4.03 1 193.5 

Range 44.3-100.37 4.03-16.04 1-3.4 187.9-870.2 

Average 68.815 9.602 1.733 355.767 

Safe limit* 73 0.3 0.43 100 

*Source: WHO/FAO (29) 

 

Table 3. Transfer factor (TF) of chemical elements in the studied vegetable samples 

 

 

 

 

Heavy metals in 

vegetable 

 

Cu Pb As Zn 

71.39 16.04 3.4 870.2 

87.39 11.46 1.8 311.2 

100.37 11.68 1.6 299.8 

65.06 9.34 1.2 272 

50.38 5.06 1.4 187.9 

44.3 4.03 1 193.5 

 

 

Heavy metals in 

soil 

29 18 4 86 

28 17 4 94 

27 25 5 63 

66 39 6 197 

24 25 7 57 

39 38 8 119 

TF in cress 2.46 0.89 0.85 10.12 

TF in leek 3.12 0.67 0.45 3.31 

TF in chard 3.72 0.47 0.32 4.76 

TF in celery-1 0.99 0.24 0.20 1.38 

TF in celery-2 2.10 0.20 0.20 3.30 

TF in celery-3 1.14 0.11 0.13 1.63 

Range 0.99-3.72 0.2-0.89 0.13-0.85 1.38-10.12 

Average 2.68 0.55 0.45 5.07 

 

Table 4. Heavy metal target hazard quotient (THQ) values of the study vegetable samples 

 

Vegetable 

type 

Cu Pb Zn As 

Cress 7.69 19.74 12.50 0.004 

Leek 9.41 14.11 4.50 0.002 

Chard 10.81 14.38 4.31 0.002 

Celery-1 7.01 11.50 3.91 0.001 

Celery-2 5.43 6.23 2.50 0.002 

Celery-3 4.77 4.96 2.78 0.001 

Average 7.52 11.82 5.08 0.002 
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Table 5. Hazard quotient(HQ) for heavy metals in the study vegetable samples 

 

Vegetable 

type 

Cu Pb Zn As 

Cress 7.99 20.52 12.99 0.30 

Leek 9.78 14.66 4.65 0.16 

Chard 11.24 14.94 4.48 0.14 

Celery-1 7.28 11.95 4.06 0.11 

Celery-2 5.64 6.47 2.80 0.13 

Celery-3 4.96 5.16 2.89 0.09 

Average 7.82 12.28 5.31 0.16 

 

Fig 1. The concentration of heavy metal in four types of vegetable samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hazard Quotient (HQ) 

 

Risk of intake of metal-contaminated vegetables to 

human health was characterized by hazard quotient 

(HQ). This is a ratio of determined dose to the reference 

dose (RD). The population will pose no risk if the ratio is 

less than 1 and if the ratio is equal or greater than 1 then 

population will experience health risk. This risk 

assessment method has been used by researchers and 

proved to be valid and true. The following equation is 

used; 

 

HQ = (Div) × (Mplant) /RfD × B 

 

Where (Div) is the daily intake of vegetables (kg person
-

1
day

-1
). The required amount of vegetables in our daily 

must be 300 to 350 g per person has been suggested by 

WHO guidelines (WHO, 1989), for this study, the daily 

intake of vegetable was estimated to be 300 g/day, (M) is 

the plant concentration of metal in vegetables (mg kg
-1

), 

RfD is the food reference dose for the metal (mgd
-1

) and 

B is the human body mass (kg). The HQ ratio for the 

studied vegetable samples are more than 1 in elements 

Cu, Pb and Zn, then the population is health risk and the 

toxicant may produce an adverse effect. While it is 

below 1 in the As (Table 5). 

 

Conclusion 

 

1. The studied soil samples show high concentration of 

the heavy metals. The concentration of these elements 

Ag, Ni, Cd, Bi and La were higher than the standard 

shale with the averages 0.33, 121.33, 0.50, 3.08 and 

9.77 mg/kg, respectively. The other heavy metals e.g.; 

Cu (except samples 11 and 12 were higher than the 

standard), Pb (except samples 8, 10, 11, 12, 24 and 33 

were higher than the standard), Zn (except samples 

10, 11 and 33 were higher than the standard), Co, Mn, 

As, Sr, V, Cr, Ba and Ga show the concentrations that 

are lower than the standard shale 
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2. Higher concentrations of the metal were detected in 

the studied vegetable samples than in the soil 

samples.  

 

3. The studied vegetable samples show that the 

elements; Cu (except in samples 2 and 3), Pb, Zn 

and As were in the highest average concentrations 

more than the World Health Organization limits, 

resulting from used wastewater for irrigation. The 

results of this study demonstrated that Zn was found 

in the highest concentration in the vegetables studied 

from among the investigated toxic heavy metals. 

 

4. The transfer factor (TF) has high values in the 

elements; Cu and Zn with the averages 2.68 and 

5.07, respectively. The cress shows higher TF for 

the elements; Zn, Cu, Pb and Asas compared with 

the other vegetables. 

 

5. The target hazard quotient (THQ) values of Cu, Pb 

and Zn elements in studied vegetable samples show 

high values more than 1 for both adults and children, 

while of As was below than 1 within acceptable 

limits. The hazard quotient (HQ) for the elements; 

Cu, Pb and Zn in were more than 1, suggesting that 

the population is health risk and the toxicant may 

produce an adverse effect, while it was below 1 in 

As. The elements will cause obvious adverse effects 

on human health, except As. The health risk and the 

toxicant may produce an adverse effect, was 

suggested not to be safe. 
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