
ISSN: 2383-2568  Quarterly of International Archives of Health Sciences 2016;3(3):119-124

C I T A T I O N    L I N K S

Article History
Received: June 3, 2016
Accepted: August 1, 2016          
ePublished: September 8, 2016

Correspondence
Address:  Imam Khomeini Boulevard, 
Professor Mussivand Boulevard, 
Hamedan Branch, Islamic Azad Uni-
versity, Hamedan, Iran
Phone:  +98 (81) 34494170
Fax:  +98 (81) 34494170
s_sobhan@iauh.ac.ir

*Department of Environment, 
School of Basic Sciences, Hamedan 
Branch, Islamic Azad University, 
Hamedan, Iran

[1] Mineral compositions of eight common ... [2] Mineral contents of some plants 
used as condiments in ... [3] Evaluation of heavy metals contents in spices and herbs 
available on ... [4] Heavy metals health risk assessment for population via ... [5] Total 
arsenic, lead, and cadmium levels in vegetables cultivated at the Andean villages of ... 
[6] Market basket survey for some heavy metals in ... [7] Heavy metals contamination 
of table salt consumed in ... [8] Mineral and heavy metal contents of the outer and inner 
tissues of ... [9] The determination of cadmium and six other heavy metals in ... [10] 
Concentrations of 21 metals in 18 species of mushrooms growing in ... [11] Assessing 
potential dietary intake of heavy metals in some selected fruits and vegetables from ... 
[12] Trace elements in soils and ... [13] Determination of some heavy metal levels in soft 
drinkson the Ghanaian market using atomic absorption ... [14] Selected heavy metals 
analysis of Persian sturgeon’s (Acipenserpersicus) caviar from southern Caspian ... 
[15] Analysis of some herbal plants from India used in the control of diabetes mellitus 
by NAA and ... [16] Heavy metal content of potato and corn chips from ... [17] Variation 
in heavy metal concentrations of ... [18] Removal of phenol from petroleum refinery 
wastewater through adsorption on date-pit Determination of mineral content in Indian 
spices ... [19] Analysis of minerals and heavy metals in some spices collected from ... 
[20] Monitoring of metallic micronutrients and heavy metals in ... [21] Heavy metals 
in Egyptian spices and medicinal plants and the effect of ... [22] Risk assessment of 
heavy metals in honey consumed in Zhejiang province, southeastern ... [23] Health risks 
of heavy metals in contaminated soils and food crops irrigated with wastewater in ... 
[24] A comparative study of human health risks via consumption of food crops grown 
on wastewater irrigated soil (Peshawar) and relatively clean water ... [25] Heavy metal 
levels in kiwifruit orchard soils and trees and its potential health ... [26] Heavy metals 
health risk assessment for population via consumption of vegetables grown in old ... [27] 
Contamination and health risks from heavy metals in cultivated soil in Zhangjiakou 
City of ... [28] Evaluation of possible health risks of ... [29] Quality control methods 
for spices ... [30] Exposure and risk assessment for aluminium and heavy metals in ...

Aims Spices are sources of many bioactive compounds that can improve the taste of food 
as well as affecting the digestion and metabolism. Along with that, they may also contain 
some substances as heavy metals, which have harmful effects on the body. The aim of present 
study was to assess the potential health risk of Cr, Cu, Fe and Zn contents of cardamom, curry 
powder and turmeric in Hamedan City, Iran. 
Instrument & Methods 18 industrially packaged and weighted spice samples (cardamom, 
curry powder and turmeric) belonging to 6 famous brands were bought from different 
supermarkets of Hamedan City, Iran, in 2015. The human health risks posed by chronic 
exposure to the heavy metals were assessed by computing the average daily intake of metal. 
The health risk index (HRI) for the local population through the consumption of spice was 
assessed using DIM/RfD formula. Data were analyzed using ANOVA, DMS post-hoc, Tukey 
HSD and Pearson’s correlation coefficient tests.
Findings Cr was detected in spice samples in 0.08-1.67mg/kg, Cu 0.05-1.28mg/kg, Fe 1.04-
6.89mg/kg and Zn 0.40-2.25mg/kg. The mean concentration of Cu, Fe and Zn were lower 
than MPL. The DIM values for the examined spice samples were below the recommended values. 
Conclusion The levels of Cr, Cu, Fe and Zn are less than the MPL in cardamom, curry powder 
and turmeric in Hamedan City, Iran.
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Introduction 
Spices are dried parts of plants grown in 

various regions of the world, which have been 

often used as diet components to improve 

aroma, color, palatability and acceptability of 

food since ancient times. Most of spices are 

fragrant, aromatic and pungent and several 

uses of these plants are for culinary purposes 
[1-3]. 

Nowadays, contamination of foods by heavy 

metals has become an inevitable challenge [4]. 

Heavy metals have long been known as a 

major contamination problem, not only for 

working conditions but also for the 

environment. Heavy metals are important 

environmental pollutants, especially in area 

with high anthropogenic pressure. Their 

presence in the environment particularly 

atmosphere and water, even in trace amounts, 

can cause serious problems for all organisms. 

Heavy metal accumulation in soils and 

resulting in vegetables through irrigation with 

contaminated water, metal based fertilizers 

and pesticides, transportation, industrial 

emissions, harvesting process and storage is 

of concern due to the adverse effects on food 

quality. Therefore, heavy metals are among 

the major pollutants of food supply and may 

considered the most important problem to 

our environment. Generally, these metals are 

not biodegradable or destroyable and enter 

into human body via food, water and air. They 

can also make acute poisoning, as well as 

long-term health problems, through 

accumulation in human vital organs, 

especially liver and kidney, with different 

mechanisms, e.g. interference with essential 

metals, oxidative stress, interaction with 

cellular macromolecules and producing 

progressive toxic effects [5-8]. 

Although some of the heavy metals, e.g. Cu, Fe, 

Mn, Ni and Zn, are essential nutrients for 

human growth at low contents, they become 

toxic at higher concentrations, but some, e.g. 

Cr, Pb, Cd, Co, and Cu, are toxic even in 

relatively small amounts, and therefore pose 

an adverse health effect in both humans and 

animals [9-11]. 

Chromium (VI) compounds are toxics and 

known as human carcinogens, whereas 

chromium (III) is an essential element [12]. 

Copper is a mineral, which is important to 

healthy hormone secretion, nerve conduction, 

and the growth of connective tissue and bones 

[13]. Iron is an essential and vital component 

for human health and the human body 

contains 60-70μg/g of Fe. Furthermore, the Fe 

compounds such as myoglobin and 

hemoglobin are essential for survival [14, 15]. 

Zinc is one of the important metals for normal 

growth and development in human beings [16, 

17]. 

For the safe consumption of spices, the 

presence of heavy metals in these products 

and the associated health risks needed to be 

evaluated. In this regard, Kumaravel & 

Alagusundaram have analyzed mineral 

content in Indian spices and have reported the 

mean concentration of Cr, Cu, Fe and Zn as 

0.05, 1.15, 6.91, and 1.20mg/kg, respectively 
[18]. Inam et al. have reported the mean 

concentration of Cu in some spices, collected 

from local markets of India, as 11.55mg/kg [19]. 

Krejpcio et al. have evaluated the heavy 

metals contents in spices, available on the 

Polish markets, and have reported the 

concentration of Cu, and Zn in the range of 

0.38-23.52mg/kg and 2.76-38mg/kg, 

respectively [3]. Ozcan has analyzed the 

content of heavy metals in some plants used 

as condiments in Turkey and has reported the 

concentration of Cr, Cu, Fe and Zn in the range 

of 3.11-19.10, 2.82-14.40, 46.70-1229.2, and 

5.54-49.70mg/kg, respectively [2]. After 

monitoring some metallic micronutrients and 

heavy metals content in spices from Austria, 

Chizzola et al. have reported the mean 

concentrations of Cu, Fe, and Zn as 10.58, 

238.17, and 34.79mg/kg, respectively [20].  

Due to that no studies about health risk 

assessment of heavy metals in spices has been 

reported in Iran, the aim of present study was 

to assess the potential health risk of Cr, Cu, Fe 

and Zn contents of cardamom, curry powder 

and turmeric in Hamedan City, Iran. 

 

Instrument & Methods 
According to the Cochran's sample size 

formula, 18 industrially packaged and 

weighted spice samples (cardamom, curry 

powder and turmeric) belonging to 6 famous 

brands were bought from different 

supermarkets of Hamedan City, Iran, in 2015.  

About 50g of each spice samples were placed 

in quartz crucibles, dried at 105°C for 24h and 

subsequently ashed in the muffle furnace at 

400°C. Ash was dissolved in 1mol/l diluted 
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HNO3 and filled up in 50ml volumetric flasks 

to the mark by the nitric acid. The content of 

Cr, Cu, Fe and Zn in the mineralized sample 

was determined after extraction of the 

complexes with APDC (1-

pyrrolidindithiocarbamate acid ammonium) 

to MIBK (methylisobuthylketon) phase 

(Merck; Germany) by ICP-OES (710-ES, 

Varian; Australia) with three replications. 

Distilled deionized water and ultra-high-

purity commercial acids (Merck; Germany) 

were used to prepare all reagents, standards 

and spices samples. All the instrumental 

conditions applied for Cr, Cu, Fe and Zn 

content determinations were set in 

accordance with general recommendations 

(wave length for Cr, Cu, Fe and Zn; 359.3nm, 

324.8nm, 248.3nm and 206.2nm, 

respectively) [3, 21]. 

The human health risks posed by chronic 

exposure to the heavy metals were assessed 

by computing the average daily intake of 

metal (DIM) using (Cmetal×Cfactor×Dfood 

intake)/Baverage weight formula [22-25]; where Cmetal, 

Cfactor, Dfood intake, and Baverage weight represent the 

heavy metal concentrations in spices (mg/kg), 

conversion factor, daily intake of spice, and 

average body weight, respectively. The 

conversion factor (0.085) is used to convert 

fresh weight into dry weight [24]. The average 

daily intake of spice for adult and children is 

considered 0.002kg per person per day. The 

average adult and children body weight are 

considered as 70.0 and 15.0kg, respectively, 

according to the data from the Iranian 

Ministry of Health and Medical Education.  

The health risk index (HRI) for the local 

population through the consumption of spice 

was assessed using DIM/RfD formula [23-25]; 

where, DIM and RfD represent daily intake of 

metal and reference dose of metal obtained 

from ingestion, respectively. The oral 

reference doses for Cr, Cu, Fe and Zn were 

0.003, 0.04, 0.70 and 0.30mg/kg/day, 

respectively. HRI of <1 means the exposed 

population is assumed to be safe [25-27]. The 

total HRI (THRI) of heavy metals for the fruit 

was calculated as the mathematical sum of 

each individual metal HRI value using 

HRI(toxicant 1)+HRI(toxicant 2)+ … + 

HRI(toxicant n) [28]. The maximum permissible 

limits (MPL) of heavy metal concentrations in 

studied spices were established by FAO/WHO 

(1.50mg/kg for Cr, 10.0mg/kg for Cu, 

300.0mg/kg for Fe and 50.0mg/kg for Zn) [29].  

The statistical analysis of the obtained data 

consisted in a first Shapiro-Wilk test for 

normality, followed by the study of the 

variance homogeneity using an ANOVA 

parametric test with a DMS post-hoc and 

Tukey HSD test. Finally, to study a correlation 

between the metals in the different spice 

samples, a Pearson's correlations study was 

performed [2, 21]. 

 

Findings  
Chromium was detected in spice samples in 

0.08-1.67mg/kg, Cu 0.05-1.28mg/kg, Fe 1.04-

6.89mg/kg and Zn 0.40-2.25mg/kg. The mean 

concentration of Cu, Fe and Zn were lower 

than MPL (Figure 1). 

 

Figure 1) Heavy metal concentrations of the spice 
samples (mg/kg of dry weight; nd: not detected) 

Parameters Cr Cu Fe Zn

Cardamom
Brand 1 nd 0.93 1.31 1.56
Brand 2 nd 0.98 1.42 1.25
Brand 3 nd 1.28 1.04 1.79
Brand 4 1.07 0.64 1.14 1.29
Brand 5 1.28 0.62 1.28 1.58
Brand 6 1.67 0.65 1.07 1.22

Mean - 0.85±0.25 1.21±0.14 1.45±0.21
Curry Powder

Brand 1 nd 0.31 6.41 2.25
Brand 2 nd 0.05 5.71 0.81
Brand 3 0.11 0.29 5.81 1.00
Brand 4 nd 0.09 5.96 0.78
Brand 5 nd 0.13 6.89 1.83
Brand 6 nd 0.12 6.42 1.24

Mean - 0.17±0.10 6.20±0.44 1.32±0.56
Turmeric

Brand 1 nd 0.10 1.75 0.40
Brand 2 0.15 0.09 2.09 0.44
Brand 3 0.45 0.07 1.49 0.50
Brand 4 0.08 0.11 1.47 0.44
Brand 5 nd 0.12 1.40 0.45
Brand 6 nd 0.14 1.34 0.66

Mean - 0.10±0.03 1.59±0.27 0.48±0.09

 

The DIM values for the examined spice 

samples were below the recommended 

values, indicating that people (adult and 

children) might have no potential significant 

health risk through only consuming spice 

from the study area (Figure 2). Cu correlated 

significantly and positively with Zn (r=0.572; 

p<0.05). 
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Figure 2) Daily intakes of metals (DIM, mg) and health 
risk index (HRI) for individual heavy metal caused by 

the spices 
Parameters Cu Fe Zn

Adult 

DIM 8.99×10-7 7.28×10-6 2.62×10-6

STD 9.23×10-7 5.61×10-6 1.36×10-6

Min 1.21×10-7 2.52×10-6 9.71×10-7

Max 3.11×10-6 1.67×10-5 5.46×10-6

HRI 2.25×10-5 1.04×10-5 8.73×10-6

STD 2.31×10-5 8.01×10-6 4.53×10-6

Min 3.02×10-6 3.60×10-6 3.24×10-6

Max 7.77×10-5 2.38×10-5 1.82×10-5

Children 
DIM 4.19×10-6 3.40×10-5 1.22×10-5

STD 4.31×10-7 2.62×10-5 6.35×10-6

Min 5.67×10-7 1.18×10-5 4.53×10-6

Max 1.45×10-5 7.81×10-5 2.55×10-5

HRI 1.05×10-4 4.86×10-5 4.07×10-5

STD 1.08×10-5 3.74×10-5 2.12×10-5

Min 1.42×10-5 1.68×10-5 1.51×10-5

Max 3.62×10-4 1.11×10-4 8.50×10-5

 

Discussion 

Breathing high levels of Cr(VI) can cause 

irritation to the lining of the nose, running 

nose, nose ulcers, and breathing problems, e.g. 

cough, asthma, shortness of breath, or 

wheezing. In addition, long-term exposure to 

Cr can cause damage to liver, kidney, 

circulatory and nerve disorders, as well as 

skin irritation [12]. The mean concentrations of 

Cr in our studied spice samples were much 

lower than the MPL, which revealed that the 

Cr level was much lower than what were 

reported in Turkey (8.75±2.39mg/kg) [2] and 

Egypt (33.75±5.37mg/kg) [21].  

A steady diet of Cu, even at entirely allowable 

levels, breaks down the barrier that keeps 

unwanted toxins from entering the brain, and 

that it fuels an increase in the production of 

betaamyloid, but impedes the performance of 

problems that clear the stuff from the brain. 

Excess Cu can causes inflammation in the 

brain tissues, anorexia, fatigue, depression, 

premenstrual syndrome, migraines, anxiety, 

childhood hyperactivity, and learning 

disorders. Copper is found in a wide range of 

foods that we eat, including nuts, many fruits 

and vegetables, red meat, shellfish, as well as 

in many vitamin supplements [13]. The mean 

concentrations of Cu in our studied spice 

samples were 0.37±0.38mg/kg, which was 

much lower than the MPL. This average Cu 

concentration was lower than what were 

found in spice samples from Turkey 

(8.75±3.40mg/kg) [2], Poland 

(5.11±1.57mg/kg) [3], Egypt 

(11.40±3.68mg/kg) [21] and Austria 

(10.58±3.20mg/kg) [20].  

Iron is a constituent of active site of various 

reproductive hydrogenases, most frequently 

associated with sulfur containing ligands. This 

element together with ferredoxin and 

heamoglobin plays an important and central 

role in metabolism. In addition, Fe facilitates 

the oxidation of proteins, fat and 

carbohydrates to control body weight which is 

an important factor in some diseases 

especially diabetes. It is necessary to mention 

that Fe deficiency causes anemia [14, 15]. The 

mean concentration of Fe in our studied spice 

samples was 3.0±2.31mg/kg and was much 

lower than the MPL. This average Fe 

concentration was lower than what was found 

in spice samples from Turkey 

(282.64±254.50mg/kg) [2], Egypt 

(1046.25±312.10mg/kg) [21] and Austria 

(238.17±136.81mg/kg) [20].   

Zinc is an essential functional and structural 

element in biological systems often catalyzing 

reactions by binding to substrates by favoring 

various reactions, such as the mediation of 

redox reactions or oxidation–reduction 

reactions, through reversible changes in the 

oxidation state of the metal ions. Of course, Zn 

harms some physiological processes like 

breathing and others [16, 17]. The mean 

concentration of Zn in our studied spice 

samples was 1.08±0.56mg/kg and was much 

lower than the MPL. This average Zn 

concentration was lower than what was found 

in spice samples from Turkey 

(23.39±10.17mg/kg) [2], Poland 

(11.22±6.64mg/kg) [3], Egypt 

(68.80±11.19mg/kg) [21] and Austria 

(34.79±9.64mg/kg) [20].  

According to the USEPA, if HRI is less than 1, 

there will not be obvious health risks for 

exposed population [27]. Therefore according 

to the results, all calculated HRI values of 

heavy metals were within the safe limits for 

children and adults (HRI<1). Furthermore, the 

THRI values, which varied from 9.86E-06 to 

1.20E-04 for adult and from 4.61E-05 to 

5.58E-04 for children, were also in the safe 

limit (THRI<1). Therefore, we can conclude 

that people might have no potential significant 

health risk through only consuming spices 

from the studied area.  

It should be pointed out that heavy metals as 

well as many other chemical pollutants may 
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accumulate over lifetimes of individuals. The 

cumulative effects, as a result, may be additive 

and/or interactive and the risk additively 

usually requires that all components act 

according to the same mechanism [30]. Despite 

the heavy metal contamination, level of spice 

species in Hamedan City is not critical, but 

that the exposure-risk estimate in this study 

was only for spices and did not account for 

any other alimentary source. Therefore, for 

more accurate estimate exposure from other 

sources should be added to estimate the total 

risk of each metal.  

Although the research has reached its aims, 

there were some unavoidable limitations. The 

most important limitation of the current 

research was that there was not enough time 

for conducting the study. In addition, due to 

financial constraints, the study was under-

powered, and thus, the size, convenience, and 

homogeneity of the sample limit the 

generalizability of this research. Although 

controlled consumption of spices has not 

adverse effect on the consumers’ health, but 

due to the lack of adequate information about 

processing conditions, habitat adjacent to 

industrial areas and polluted with heavy 

metals, increased use of agricultural inputs, 

sewage sludge and wastewater by farmers, 

regular periodic monitoring of chemical 

pollutants content specially heavy metals in 

foodstuffs are recommended for food safety.  

 

Conclusion 
The levels of Cr, Cu, Fe and Zn are less than 

the MPL in cardamom, curry powder and 

turmeric in Hamedan City, Iran. 

 

Acknowledgements: The author is grateful to 

the Hamedan Branch, Islamic Azad University 

for providing facilities to conduct and 

complete this study.  

Ethical Permission: Not needed. 

Conflicts of Interests: None declared by 

author. 

Funding/Support: None declared by author. 

 

References 
1- Gupta KK, Bhattacharjee S, Kar S, Chakrabarty S, 
Thakur P, Bhattacharyya G, et al. Mineral compositions 
of eight common spices. Commun Soil Sci Plant Anal. 
2003;34(5-6):681-93. 

2- Ozcan M. Mineral contents of some plants used as 
condiments in Turkey. Food Chem. 2004;84(3):437-40. 
3- Krejpcio Z, Król E, Sionkowski S. Evaluation of heavy 
metals contents in spices and herbs available on the 
Polish market. Polish J Environ Stud. 2007;16(1):97-100. 
4- Orisakwe OE, Nduka JK, Amadi CN, Dike DO, Bede O. 
Heavy metals health risk assessment for population via 
consumption of food crops and fruits in Owerri, South 
Eastern, Nigeria. Chem Cent J. 2012;6(1):77. 
5- Queirolo F, Stegen S, Restovic M, Paz M, Ostapczuk P, 
Schwuger MJ, et al. Total arsenic, lead, and cadmium 
levels in vegetables cultivated at the Andean villages of 
northern Chile. Sci Total Environ. 2000;255(1-3):75-84. 
6- Radwan MA, Salama AK. Market basket survey for 
some heavy metals in Egyptian fruits and vegetables. 
Food Chem Toxicol. 2006;44(8):1273-8. 
7- Cheraghali AM, Kobarfard F, Faeizy N. Heavy metals 
contamination of table salt consumed in Iran. Iran J 
Pharm Res. 2010;9(2):129-32. 
8- Özcan MM, Harmankaya M, Gezgin S. Mineral and 
heavy metal contents of the outer and inner tissues of 
commonly used fruits. Environ Monit Assess. 
2012;184(1):313-20. 
9- Al-Shawi AW, Dahl R. The determination of cadmium 
and six other heavy metals in nitrate/phosphate 
fertilizer solution by ion chromatography. Anal Chim 
Acta. 1999;391(1):35-42. 
10- Demirbas A. Concentrations of 21 metals in 18 
species of mushrooms growing in the East Black Sea 
region. Food Chem. 2001;75(4):453-7. 
11- Bempah CK, Buah-Kwofie A, Osei-Tutu A, Denutsui 
D, Bentil N. Assessing potential dietary intake of heavy 
metals in some selected fruits and vegetables from 
Ghanaian markets. Elixir Pollut. 2011;39:4921-6. 
12- Kabata-Pendias A. Trace elements in soils and plants. 
4th edition. Florida: Taylor and Francis Group, LLC; 2011. 
13- Ackah M, Kwablah Anim A, Zakaria N, Osei  J, Saah-
Nyarko E, Tabuaa Gyamfi E, et al. Determination of some 
heavy metal levels in soft drinks on the Ghanaian market 
using atomic absorption spectrometry method. Environ 
Monit Assess. 2014;186(12):8499-507. 
14- Hosseini SV, Sobhanardakani S, Tahergorabi R, 
Delfieh P. Selected heavy metals analysis of Persian 
sturgeon’s (Acipenser persicus) caviar from southern 
Caspian Sea. Biol Trace Elem Res. 2013;154(2):357-62. 
15- Rajurkar NS, Pardeshi BM. Analysis of some herbal 
plants from India used in the control of diabetes mellitus 
by NAA and AAS techniques. Appl Radiat Isot. 
1997;48(8):1059-62. 
16- Narin I, Tuzen M, Sari H, Soylak M. Heavy metal 
content of potato and corn chips from Turkey. Bull 
Environ Contam Toxicol. 2005;74(6):1072-7.  
17- Öztürk E, Atsan E, Polat T, Kara K. Variation in heavy 
metal concentrations of potato (Solanum tuberosum L.) 
cultivars. J Animal Plant Sci. 2011;21(2):235-9. 
18- Kumaravel S, Alagusundaram K. Determination of 
mineral content in Indian spices by ICP-OES. Orient J 
Chem. 2014;30(2):631-6. 
19- Inam F, Deo S, Narkhede N. Analysis of minerals and 
heavy metals in some spices collected from local market. 
IOSR J Pharm Biol Sci. 2013;8(2):40-3. 
20- Chizzola R, Michitsch H, Franz C. Monitoring of 
metallic micronutrients and heavy metals in herbs, 
spices and medicinal plants from Austria. Eur Food Res 
Technol. 2003;216:407-11. 



Potential Health Risk Assessment of Cr, Cu, Fe and Zn for Human Population…                     124 

Int Arch Health Sci                           Summer 2016, Vol. 3, Iss. 3 

21- Abou-Arab AA, Abou Donia MA. Heavy metals in 
Egyptian spices and medicinal plants and the effect of 
processing on their levels. J Agric Food Chem. 
2000;48(6):2300-4. 
22- Ru QM, Feng Q, He JZ. Risk assessment of heavy 
metals in honey consumed in Zhejiang province, 
southeastern China. Food Chem Toxicol. 2013;53:256-62. 
23- Khan S, Cao Q, Zheng Y, Huang Y, Zhu Y. Health risks 
of heavy metals in contaminated soils and food crops 
irrigated with wastewater in Beijing, China. Environ 
Pollut. 2008;152(3):686-92. 
24- Jan FA, Ishaq M, Khan S, Ihsanullah I, Ahmad I, 
Shakirullah M. A comparative study of human health 
risks via consumption of food crops grown on 
wastewater irrigated soil (Peshawar) and relatively 
clean water irrigated soil (lower Dir). J Hazard Mater. 
2010;17991-3):612-21. 
25- Guo J, Yue T, Li X, Yuan Y. Heavy metal levels in 
kiwifruit orchard soils and trees and its potential health 
risk assessment in Shaanxi, China. Environ Sci Pollut Res  

Int. 2016;23(14):14560-6. 
26- Harmanescu M, Alda LM,  Bordean DM, Gogoasa I, 
Gergen I. Heavy metals health risk assessment for 
population via consumption of vegetables grown in old 
mining area; a case study: Banat County, Romania. Chem 
Cent J. 2011;5:64. 
27- Liang Q, Xue ZJ, Wang F, Sun ZM, Yang ZX, Liu SQ. 
Contamination and health risks from heavy metals in 
cultivated soil in Zhangjiakou City of Hebei Province, 
China. Environ Monit Assess. 2015;187(12):754. 
28- Saha N, Zaman M. Evaluation of possible health risks 
of heavy metals by consumption of foodstuffs available 
in the central market of Rajshahi City, Bangladesh. 
Environ Monit Assess. 2013;18595):3867-78. 
29- World Health Organization. Quality control methods 
for spices materials. Geneva, Switzerland: World Health 
Organization; 2011. 
30- Cao H, Qiao L, Zhang H, Chen J. Exposure and risk 
assessment for aluminium and heavy metals in Puerh 
tea. Sci Total Environ. 2010;408(14):2777-84. 


	FP-Sobhanardakani
	Text-Sobhanardakani



