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 Abstract  

      The aim of the present study is to estimate the levels of some essential and non-

essential metals content of soil and seven leafy vegetable species, in the field 30m 

away from the Al-Qanat highway in Baghdad using X-ray fluorescence analysis. 

The results showed that soil and leafy vegetables had higher levels of macro 

elements, and that Ca in rocket and purslane was the highest. The average content of 

trace elements in soil and leafy vegetables has been close to the minimum than the 

range of permissible limits recommended by WHO and FAO/WHO except Fe, Cr 

and Ni in soil have exceeded the concentration of the threshold limit (13728.8 mg/kg 

Dw for Fe, 183.361mg/kg Dw for Cr, and 124.01mg/kg Dw for Ni) value as well for 

leafy vegetables, the concentration of Fe (573.29 mg/kg Dw in spinach and 540.41 

mg/kg Dw in rocket) and zinc (183.52 mg/kg Dw in mallow, and 181.19 mg/kg Dw 

in purslane) exceeded the permissible limits.  

The values of As, Cd, Pb and Hg concentrations in soil have been within the range 

of permissible limits recommended by WHO while in leafy vegetables higher levels 

of Pb (2.58 mg/kg Dw), and Cd (2.2 mg/kg Dw), were found in the rocket, and 

fenugreek, respectively. Also, higher levels of Sr were found in the rocket (592.42 

mg/kg Dw) and purslane (560.34 mg/kg Dw) as well as Al in spinach (186.55 mg/kg 

Dw). In addition, P, K, Mg (purslane), Zn (rocket, purslane, mallow), Cd (grapevine, 

fenugreek), and Sr (rocket, purslane) accumulated the most with the transfer factor 

(TF) (> 1.0), followed by Ca, Mg, Fe, Co, Cu, Se, Mn, Zn, Ni, As, Cd, Pb, Hg and 

Sr (0.01–1.0), while Cr, and Al had the lowest accumulation (< 0.01). 

 

Keywords: X-Ray fluorescence Spectrometer, Metals, Transfer factor, Soil, Leafy 
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في  الصغرى  العناصر محتوى كان   الأعلى. كان البربين الكالسيوم في الجرجير و مستوى  وان ،)الرئيسية(
التربة والخضروات الورقية قريبًا من الحد الأدنى من نطاق الحدود المسموح بها الذي أوصت به منظمة الصحة 

د والكروم والنيكل في التربة كيز الحديراالعالمية ومنظمة الأغذية والزراعة / منظمة الصحة العالمية باستثناء ت
ملجم / كجم وزن جاف  183.361جاف للحديد ، ملجم / كجم وزن  13728.8أعلى من حد العتبة )  تكان

 ملجم / كجم وزن جاف للنيكل( 124.01للكروم ، و 
ملجم / كجم وزن  573.29، تركيز الحديد ) لهاالحدود المسموح  تتجاوز وكذلك للخضروات الورقية      

ملجم / كجم من  183.52ملجم / كجم وزن جاف( في الجرجير( والزنك ) 540.41جاف في السبانخ و 
كانت قيم في التربة  (.البربينملجم / كجم من الوزن الجاف في  181.19، و ازالخبالوزن الجاف في 

ضمن نطاق الحدود المسموح بها التي أوصت بها منظمة الرصاص ،الكادميوم ،الزرنيخ و الزئبق  اكيز تر 
مجم / كجم  2.58لورقية ، احتوت على مستويات عالية من الرصاص )راوات ابينما الخض الصحة العالمية

 .مجم / كجم من الوزن الجاف( في الجرجير ، والحلبة على التوالي 2.2) الكادميوم من الوزن الجاف( ، و
 البربين مجم / كجم من الوزن الجاف( و 592.42في الجرجير )السترونتيوم من  عاليةمستويات  سجل كذلك

 مجم / كجم من الوزن الجاف(. 186.55في السبانخ ) الألمنيوممجم / كجم من الوزن الجاف( و  560.34)
حيث كان التراكم لكل من  لاتيكات نكامعامل انتقال العناصر من التربة الى أوراق الخضروات بالنسبة ل
،  العنب) الكادميوم( ،الخباز،  البربين،  الجرجير) الخارصين( ،البربين)  ،البوتاسوم ،والمغنسيوم الفسفور

، أكبر من واحد من بقية العناصر حيث كان معامل الانتقال الأعلى (البربين والسترونتيوم)الجرجير ، حلبة(ال
بينما    Sr و Hg و Pb و Cd و As و Ni و Zn و Mn و Se و Cu و Co و Fe وMg و Ca  يليهثم 

  Al. ، و Cr الأقل تراكم كان لل
 

1. Introduction 

      Wild world consumers began to change their eating patterns with the growing interest in 

the effect of foods on maintaining health. High consumption of vegetables si one of the most 

features of ah  laeh a diet due to their contents of bioactive nutrient molecules which are 

important in human nutrition. Green Leaf vegetables are groups include spinach, purslane, 

chicory, etc. which contain essential metals, vitamins, and fibre sources [1-3]. Nowadays 

there is increasing concern about food quality in different regions of the world. The detection 

of hazardous components in various foods has led scientists to investigate the toxicological 

effects of these contaminants. Both essential and non-essential metal ions can cause toxicity. 

The essential metal ions for humans are the bulk metals sodium, potassium, calcium, and 

magnesium and the trace metals manganese, iron, cobalt, copper, zinc, and molybdenum [4-

5]. Heavy metals are thought to be the main causes of the pollution of food and soil [6]. Soil-

to-plant transfer of heavy metals is the major pathway of human exposure to metal 

contamination [7]. If heavy metal-polluted soil is used for crop cultivation, then the heavy 

metals deposited in the soil enter the food chain and at higher concentrations create severe 

human health problems. On the contrary, at the permissible limit, metals are important for 

enzymatic activity and genetic material integrity in the biological system [8].  Therefore, there 

is a need to examine the content of metals levels in soils and planted vegetables which are 

widely eaten in all regions of Iraq. So, for these reasons, one of Baghdad's regions was chosen 

to conduct this study to estimate levels of some essential metals (macro- and trace-elements) 

and non-essential metals content in the soil and leafy vegetables collected from Al-Qanat 

highway/Baghdad city as well as determine of transfer factor of these metals to evaluate the 

potential health effect of the people who consume those leafy vegetables. 
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2. Materials and Methods  

Study area 

      The present study was carried out in Baghdad city, which is the capital of Iraq, in 

February 2020. The study included soilhand leafy vegetable samples collected from farmers’ 

fields on the Al-Qanat highway, as shown in Figure 1 (from Google Maps). 

Figure 1: A map of Baghdad city showing the Al-Qanat highway. 

 

Sample collection  

      All samples were collected in the dry season, in the case of soil samples; a spade was used 

to collect randomly soil samples in triplicate and on the surface at a 0–25 cm depth of the 

field. Ah typical sample of 500 g was taken after mixing the collected soil samples ana then 

stored in pre-labelled zippered polyethylene bags to prevent them from further contamination. 

At the same time, leafy vegetable samples were collected from the same field based on 

availability in all farmers’ fields and were taken into eablella zippered polyethylene bags and 

stored at 4
◦
C until assayed the next day at the laboratory. Details of leafy vegetable samples 

are given in Table 1. 

 

Table 1: Details of leafy vegetable samples 

Sample No. Common name Botanical name Family 

1 Grapevine leaves Vitis vinifera Vitaceae 

2 Rocket leaves Eruca sativa Brassicaceae 

3 Purslane leaves portulaca oleracea Portulacaceae 

4 Mallow leaves Malva neglecta Wallr Malvaceae 

5 Spinach leaves Spinacia oleracea Amaranthaceae 

6 Fenugreek leaves Trigonella foenum-graecum Fabaceae 

7 Coriander leaves Coriandrum sativum Apiaceae 
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Specimen preparation for x-ray fluorescence (XRF) spectrometer 

      Both essential metals and nonessential metals concentrations were analyzed by x-ray 

fluorescent technique (at the Department of Geology, College of Science, the University of 

Baghdad) by X-Ray fluorescence Spectrometer device model (SPECTRO XEPOS) which 

represents a quantum leap in energy dispersive X-ray fluorescence technology. Usually, 10–

20 elements can be determined quantitatively in a matter of minutes. Preparing soil samples 

by weighing five grams of soil sample then grounded in a tungsten carbide rotary swing mill 

together with 1 g of a boric acid binder and 100 mg of sodium stearate to obtain the soil 

sample as a powder. The particle size of the soil sample powder must be reduced to 50 µm by 

grinding the soil sample for 6 minutes. While leaves of vegetables (approximately 5 g), were 

dried at 85◦C, pulverized, and pressed into a pellet without any contamination [9]. 

 

Preparation of soil samples 

      Soil samples were cleaned by removing roots and rock particles, then soil samples were 

dried at 50°C and ground to a fine powder in an agate mortar. The powder of soil samples was 

sieved using a 0.5 mm mesh size sieve to have uniform particle size. To obtain a constant 

weight the pulverized samples were newly dried at 60°C for 48 hours then a weight of 3-5 

grams was taken of it, and analyzed by (XRF) spectrometer. 

 

Preparation of leafy vegetable samples 

       The leaves of vegetable samples were separated from the whole plant with the aid of a 

stainless-steel knife. The air pollutants must be removed by washing the leaves of vegetable 

samples several times with tap water followed by distilled water and de-ionized water, 

followed by drying in an oven at 85°C for 48 hours to obtain a constant weight. Agate pestle 

and mortar were used to pulverize the dried samples, followed by sieving through a 0.5 mm 

mesh size sieve to obtain a uniform particle size. Each sample (soil and leafy vegetable) was 

labelled and stored in a dry airtight plastic bag in a desiccator until analysis that had been pre-

cleaned with concentrated nitric acid to prevent contamination with heavy metals before 

analysis with an (XRF) spectrometer.  

 

Data analysis 

Transfer factors (TF) of the metals from soils to the edible plant leaves  

      Transfer factor (TF) is an index used to calculate the transmission of metal concentrations 

in the soils to the leaves of vegetables based on dry weight (Dw), which was calculated as 

follows [10-13]: 

TF = 
𝑪 𝒑𝒍𝒂𝒏𝒕 (𝑫𝒘)

𝑪 𝒔𝒐𝒊𝒍 (𝑫𝒘)
 

Where Cplant = the metal concentration in ediblehleaves of vegetables (mg/kg Dw), Csoil = the 

metal concentration in soil (mg/kg Dw).  

TF > 1 indicates that plants are enriched in elements (accumulator). 

TF = 1 indicates that plants are not influenced by elements (indicator).  

TF < 1 shows that plants exclude the elements from uptake (excluder). 

 

3. Results and Discussion 

The concentration of essential and non-essential metals in soil and leafy vegetables 

samples 

      Studied metals concentrations (mg/kg Dw) in soil and leafy vegetable samples collected 

from the Al-Qanat highway in Baghdad were presented in Tables 2, 3, 4 and Figure 2. The 

concentrations of most metals identified and quantified by XRF varied in all the studied 

samples of the studied area. 
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Figure 2: Concentration of essential and non-essential metals in leafy vegetables (mg/kg). 

 

Table 2: Concentration of macro elements in studied samples (mg/kg Dw). 

 

  

 

 

 

 

 

 

 

 

 

Table 3: Concentration of trace elements in studied samples (mg/kg Dw). 
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Table 4: Concentration of non-essential metals in studied samplesh(mg/kg Dw). 

 

      In general, at the permissible limit plants usually require both macro-nutrients and micro-

nutrients (trace elements) for their growth and to remain healthy [8]. There arl no Iraqi 

guidelines standardize the concentration of metals in soil and leafy vegetables so the 

concentrations of metals in soils and leafy vegetables obtained from our study were compared 

with soil and leafy vegetables quality standards listed by the World Health Organization 

(WHO) and Food and Agriculture Organization of the United Nations (FAO) [17].  

 

         For soil, the descending order of macro elements concentrations was Ca > Mg > K > P. 

The highest level of concentration was present at Ca while the lowest level of concentration 

was present at P. In trace elements the descending order of concentrations in soil was as the 

following Fe > Mn > Cr > Ni > Zn > Cu > Co > Se, whereas the descending order of 

concentration of non-essential metals was Al > Sr > Pb > As > Cd > Hg. In soil Fe, Cr and Ni 

concentrations were exceeded the threshold limit (13728.8 mg/kg Dw for Fe, 183.361mg/kg 

Dw for Cr, and 124.01mg/kg Dw for Ni) value recommended by WHO. On the other hand, 

the values of As, Cd, Pb and Hg (heavy metals) concentrations in soil have been within the 

range of permissible levels (2.92, 2, 18.84, and 1 mg/kg Dw. soil, respectively) recommended 

by WHO.  

 

     Regarding leafy vegetable samples, the concentration of studied metals showed variations 

among different leafy vegetables planted in the same studied soil. Macro elements (Ca, P, Mg 

and K) were abundant in all types of leafy vegetables and the highest amount of these metals 

were present in leaves of rocket and purslane, while in trace elements iron was found in a high 

concentration in all leafy vegetable samples and the highest amount of this metal was present 

at leaves of rocket and spinach followed by zinc which was found in high amount in leaves of 

purslane and mallow.  In all types of leafy samples, Se and Cr were present in small quantities 

compared to other trace elements. The concentration of these metals in all leafy vegetable 

samples was less than the permissible standards recommended by the FAO/WHO except for 

the concentration of Fe (in rocket and spinach) and Zn (in purslane and mallow) that exceeded 

the permissible limits recommended by the FAO/WHO. The Fe content was found highest in 

spinach leaves (573.29 mg/kg Dw) followed by rocket leaves (540.41 mg/kg Dw) while the 

Zn content was found highest in mallow leaves (183.52 mg/kg Dw) followed by purslane 

leaves (181.19 mg/kg Dw). 

       The results revealed that toxic elements like As, Cd, Pb, Hg, Al, and Sr is present in 

almost all varieties of leafy vegetable samples and the metal contents in leafy vegetables 

exceeded the permissible limits recommended by FAO/WHO (Table 4). Cadmium in 

fenugreek leaves (2.2 mg/kg Dw) followed by grapevine leaves (2.1 mg/kg Dw) found to 

have the highest content while Pb was found highest in rocket leaves (2.58 mg/kg Dw) 
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followed by mallow leaves (1.96 mg/kg Dw). Also, the Al content was found highest in 

spinach leaves (186.55 mg/kg Dw) followed by grapevine leaves (31.2 mg/kg Dw) while the 

Sr content was found highest in leaves of rocket and purslane (592.42 mg/kg Dw and (560.34) 

mg/kg Dw) respectively. 

     

Transfer factor (TF) from soil to vegetables 

     The plant's ability to take up metal from the soil is evaluated by a ratio of metal 

concentration in plants to metal concentration in soils and is called Transfer Factors (TF) 

Biological Absorption Coefficient (BAC), or Index of Bioaccumulation (IBA) [17], that when 

TF > 1, there is higher absorption of metal from the soil by the plant. The TF of studied 

essential and non-essential metals of leafy vegetables in the soil was represented in Figures 3, 

4, and 5. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 3: Transfer factor of macro elements in leafy vegetables 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Transfer factor of trace elements in leafy vegetables 
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Figure 5: Transfer factor of non-essential metals in leafy vegetables 

 

     From Figures 3 and 4 (essential metals) the highest transfer factor for macro elements 

belonged to K in coriander (6.64), followed by P in purslane (3.83), Mg in purslane (1.29), 

and Ca in the rocket (0.27), while for trace elements the highest transfer factor belonged to Zn 

in mallow (1.94), followed by Se in all leafy vegetables (< 1), Cu in mallow (0.84), Co in 

coriander (0.47), Mn in spinach (0.13), Fe in rocket and spinach (0.04), and Cr in spinach 

(0.009). On the other hand, heavy metals (non-essential metals, Figures 5) were observed as 

follows: the highest transfer factor belonged to Sr in the rocket (1.81) followed by Cd in 

fenugreek (1.1), Hg in all leafy vegetables (< 1), Pb in the rocket (0.14), as Hg in all leafy 

vegetables (< 1) and Al in spinach (0.01). 

  

      These results indicate the studied soil contains a high concentration of the following 

metals Fe, Cr, and Ni (essential metals), and exceeded the permissible limits recommended by 

the WHO. The results of the present study agree with Jolly et al., [7] who reported the 

concentration of most of the elements in the soil in Bangladesh is higher than the World 

Average value, also resemble to the results obtained by Kabata-Pendias [18] in different 

countries.  

 

       Also, there are some studies on soil have been conducted in other areas of Baghdad using 

X-ray fluorescence spectrometry such as the study that was conducted by Al Derzi and Naji in 

which they recorded an increase in concentrations of six metals (Cd, Cu, Ni, Pb, Zn and Cr) in 

top soils from urbanized in comparison to rural areas of Iraq but that increase was less than 

that listed by WHO and the highest metal concentrations were recorded in Baghdad urban 

districts due to pollution [19]. In the current study, the obtained results are in agreement with 

Al Derzi and Naji except for the increase in the concentrations of Ni and Cr which exceeded 

the permissible limits recommended by WHO. Also, the obtained results of soil in the current 

study agree with the range of concentration of the results of a study that was conducted by 

Mahmood in the Al-Dora district of Baghdad in which he found the samples of soil contained 

Pb in the range of 12.4 - 58.2, Ni 144.5-214.83, and Zn 83.07- 286.09, but regarding Fe, the 

range (16905.37-22259.56 mg/kg) which is higher from the obtained result in the current 

study (13728.8 mg/kg) although both of results exceeded the permissible limits recommended 

by WHO [20].  
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Similarly, a study by Ameen on heavy metal pollution in Samawa city, Al-Muthanna 

province, south-western of Iraq found the samples of soil contained high concentrations of Cr 

and Ni elements as follows; Cr (93.04-186.87 mg/kg), Ni (93.04-186.87 mg/kg), Cu (12.94-

31.87 mg/kg) and Pb (5.84-13.23 mg/kg) and the levels of Cr and Ni were above the limits of 

the WHO while Cu and Pb were below the limits [21]. In addition, high concentrations of Ni 

element were shown in the samples of soil in a study by Ghazi on some heavy metals using an 

Atomic Absorption Spectrophotometer on Mohammed AL-Qassim Highway in Baghdad city 

for different distances [22].  

 

Conclusion 

      In the present study, the composition of some essential and non-essential metals content of 

soil and seven leafy vegetable species were identified by X-ray fluorescence analysis. The 

trace elements in soil and vegetables have been close to the minimum range of permissible 

limits recommended by WHO and FAO/WHO except for Fe, Cr, and Ni in the soil were 

higher than the threshold limit for leafy vegetables as Fe (in spinach and rocket) and Zn (in 

mallow and purslane) exceeded the permissible limits. 

 

      The value of heavy metals As,hCd,h Pb, and Hg in soil have been within the range of 

permissible limits recommended by WHO while in leafy vegetables higher levels of Pb and 

Cd were found especially in rocket and fenugreek respectively also higher levels of Sr were 

found in rocket and purslane as well as in spinach. In addition, P,hK, and Mg (purslane), Zn 

(rocket, purslane, and mallow), Cd (grapevine, fenugreek), and Sr (rocket, purslane) 

accumulated with transfer factor (TF) >1.0, while the others metals have the lowest TF 

(TF<1.0) in the rest of leafy vegetables.  

 

      High concentrations of metals can be accumulated in different parts of the plants arriving 

from traffic discharge, industrial activity, organic fertilization, sewage irrigation, and dust 

storms may cause health risks especially some of these leafy plants were consumed by the 

local population as a medicinal treatment. We recommend the concerned authorities, in 

particular the Ministry of Agriculture, follow up on the study area and treat pollution to 

reduce the health risks of consuming these leafy plants, especially as they are an essential 

component in the diet of the Iraqi individual. 
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