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ABSTRACT ARTICLE HISTORY
Consumption of unsafe food is one of the most important public health ReC_eived 3 July 2017
concerns. Trace elements’ contamination caused by direct or indirect Revised manuscript

activities of mining industries is of importance in this respect. The  accepted 14 September 2017
present study was conducted to assess the chronic dietary exposure KEYWORDS

and related health risks of trace elements through the intake of dietary exposure; trace
selected vegetables and fruits grown under the impact of mining elements; mining region
industry in Syunik region (Armenia). Consumption data were obtained

via food frequency questionnaire and the concentrations of Cu, Mo, Ni,

Cr, Pb, Zn, Hg, and Cd in different fruits and vegetables were

determined. Moreover, by combining concentration data with

consumption data, estimated daily intake, and target hazard quotient

were assessed for each element. The results obtained showed that

mean concentrations for Pb and Hg in some vegetables exceeded

maximum acceptable levels set by international organizations. Hazard

indexes > 1 have been obtained in some cases indicating that for

some vegetables (particularly for potato, carrot, maize, onion leaf,

grape, bean, beet, sweet pepper, eggplant, and tomato) habitual

consumption has a potential to pose adverse health effect to the local

population.

Introduction

The general population is exposed to a large number of contaminants, such as toxic trace ele-
ments, through food consumption, water and other environmental matrices. Diet is the main
route of exposure to trace elements taken up in different amounts (D’Amato et al. 2013; Yusa
et al. 2008). Based on their nutritional significance in humans, trace elements are divided
into three groups (1) essential elements; (2) elements, which are probably essential; and
(3) potentially toxic elements (WHO 1996). Trace elements such as copper (Cu), zinc (Zn),
and molybdenum (Mo) are known for their essentiality as micronutrients useful for normal
physiological functions (FNB/IOM 2006), but metabolic disorders are encountered in case
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of excess of these essential elements (Khan et al. 2014). In contrast, dietary exposure of trace
elements such as lead (Pb), cadmium (Cd), arsenic (inorganic As), mercury (Hg), chromium
(Cr III), and nickel (Ni) has been associated with toxic and adverse effects to human health
(JECFA 2012; Marin et al. 2016). Even though trace elements are ubiquitous and, thus, natu-
rally present in a diet, higher levels may occur as a result of environmental pollution from
anthropogenic activities (D’Amato et al. 2013), such as mining and smelting operations,
industrial productions and industrial, domestic, and agricultural uses of metals and metal-
containing compounds.

Previous reports highlighted that excessive accumulation of metals in agricultural soils
around mining areas, resulting in elevated metal uptake by food crops, is of great concern
because of potential health risk to the local inhabitants (Zhuang et al. 2014; Zhou et al. 2016;
Antoniadis et al. 2017; Ding et al. 2017).

The mining industry is one of the priority branches of Armenia’s economy. In the
country, production of fruits and vegetables is developed and is a major source of food
for the local population. Previous investigations in some mining areas of Armenia
showed that trace elements enter the local food chain, which can have both short- and
long-term health impacts (Saghatelyan et al. 2013). It is therefore necessary to ensure
that the levels of potentially toxic trace elements in food do not present an unaccept-
able risk for consumers. International organizations such as WHO or EFSA have incor-
porated risk analysis as a useful methodology to strengthen food safety systems and
reduce diseases linked to food consumption (European Commission 2002; FAO/WHO
2006, 2009). In order to evaluate food safety, exposure needs to be assessed and com-
pared with health-based guidance values. The estimation of dietary exposure is a critical
step for risk assessment, which is defined as a process of evaluating the possibility of
adverse health effect (IPCS/WHO 2004).

The present study was conducted to assess the chronic dietary exposure and related health
risks of trace elements (Pb, Cd, Hg, Cr VI, Mo, Zn, Ni, Cu, and As) through the intake of
selected vegetables and fruits grown under the impact of mining industry in Syunik region
(Armenia).

Firstly, food consumption survey was carried out and trace elements’ contents in vegeta-
bles and fruits were estimated. Then estimated daily intake (EDI) and target hazard quotient
(THQ) for the local population were calculated. In order to assess the overall potential risk
of adverse health effects posed by more than one trace element, the hazard index (HI) was
estimated.

Methods and materials
Study site choice

This study covered cities of Kapan (N 39°12'15.60”, E 46°27'59.75”) and Kajaran (N 39°
9'4.52”, E 46° 9'35.71”) located in the Republic of Armenia and recognized as large mining
centers with own mining bases. Another source of contamination are active and idle tailing
repositories and untreated industrial wastewater used in watering either directly or when
mixed with irrigation waters (Saghatelyan et al. 2013). These facts largely predetermine spe-
cificities of native agroecosystems located within natural biogeochemical provinces in moun-
tain river Voghchi valley.
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The main minerals of the minefield are molybdenite and chalcopyrite with associated
pyrites, magnetite, hematite, sphalerite as well as native tellurium (Te) and gold (Au).
Concentrates contain significant amounts of rhenium (Re), selenium (Se), and silver
(Ag).

The main food source for local rural communities includes homegrown produce and bar-
ter with neighbors. Highly probable risks of contamination are common among rural com-
munities, which are out of state control of food safety realized by national authorities.

Plant sampling

With an intention to conduct chronic risk assessment, this research included random sam-
pling of fruits and vegetables, which was done in compliance with WHO and FAO require-
ments (WHO/FAO 2008).

This was the first ever attempt to study dietary exposure in one of Armenia’s mining
regions; therefore, individual food approach was selected. The approach allows to estimate
the contribution of individual food to exposures as well as assures the greater flexibility in
calculating dietary exposures for various segments of population when appropriate food
consumption information is available. In order to get the best representative sample across
the diet, multiple samples of the same food were gathered from rural sites throughout the
mining region.

All major fruits and vegetables grown in home gardens and intended for food pur-
pose and home consumption were collected between July and September 2014. Addi-
tional details on the sampled plants are given in Table 1. Agricultural lands selected for
this research lie close to mining areas of Kajaran and Kapan, and nearby rural commu-
nities. From each sampling site, seven subsamples of the same fruit or vegetable types
were collected and then mixed to obtain a composite sample to ensure its representa-
tiveness. Due to availability of fruits and vegetables during sampling at least three sam-
ples of each fruit and vegetable were collected. The number of samples of few food
items (widely spread and widely consumed throughout the region and largely contrib-
uting to the diet) reached 10.

Table 1. Plant samples collected from the studied sites.

Edible part of sample Common name Botanical name
Leaf Cabbage Brassica oleracea

Leaf Onion leaves Allium cepa L.

Leaf Basil Ocimiumbasilicum L.
Leaf Fennel Foeniculum vulgare
Root Carrot Daucus carota L.

Root Onion bulb Allium cepa L.

Root Beet Beta vulgaris L.

Root Potato Solanum tuberosum L.
Seed Maize Zea mays L.

Seed Bean Phaseolus vulgaris L.
Fruit Sweet pepper Capsicum annuum L.
Fruit Plum Prunus domestica L.
Fruit Grape Vitis vinifera L.

Fruit Eggplant Solanum melongena L.
Fruit Tomato Solanum licopersicum L.

Fruit Cucumber Cucumis sativus L.
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Total 68 samples were collected and then placed in special clean polyethylene bags
intended for plant-origin samples. After transportation to the lab, the samples were
washed with distilled water to remove surface dust and soil particles, and then ground
until 1-mm-size particle was reached, and kept at a room temperature for subsequent
analysis.

Digestion of samples

For destruction of organic matter, wet digestion was used. Acids that have been used in these
procedures include nitric acid (HNO3), sulfuric (H,SO,), and perchloric (HCIO,) acids. The
acids were obtained from authorized distributor of Sigma Aldrich. Plant samples (1 g) were
digested after addition of 15 mL of triacid mixtures (HNO3, H,S0,, and HCIO, in 5:1:1 ratio)
at 80°C until transparent solution was obtained (Allen et al. 1986). Digested samples were
cooled and filtered using Whatman No 42 filter paper and the filtrate was maintained to
50 mL with distilled water.

Analysis of trace elements

Concentrations of Cu, Mo, Ni, Cr, Pb, Zn, Hg, As, and Cd in the filtrate of digested plant
samples were estimated by using atomic absorption spectrophotometer (AAS). A Perkin
Elmer Analyst 800 AAS was used to quantify the total metal concentrations. The instrument
was fitted with specific lamp for chemical elements and was calibrated using manually pre-
pared standard solution of respective element as well as blank standards for the instrument
drift calibration. Standard stock solution of 1000 ppm for all the metals was obtained from
SchelTec Authorized Distributor of Perkin Elmer. These solutions were diluted for different
concentrations to calibrate the instrument. As a fuel, acetylene gas was used. Support was
provided through distribution of air.

Quality assurance and quality control

To ensure the appropriate quality of data, standard operational procedure was established
and several procedures were implemented in order to verify reliability of the results. Appro-
priate cleaning of glassware was provided by washing with 10% HNO;. Double distilled
deionized water was used for solution preparation. Double distillation and deionization of
water was done by using Simplicity Ultrapure Water System (MILLIPORE S.A.S., 67120
Molsheim, France).

Blank standards obtained from authorized distributor of Perkin Elmer were run after five
determinations to calibrate the instrument. The coefficients of variation of replicate analysis
were determined and variation less than 10% was considered correct.

Precision and accuracy of analyses were guaranteed by repeated analysis of samples
against National Institute of Standard and Technology Standard Reference Materials (SRM
1570a, SRM 1573a).

The replicate analyses of samples were carried out. The results were found to be within
=+ 2% of the certified values, which declare the accuracy of the achieved results.



Downloaded by [109.68.122.69] at 07:13 23 October 2017

HUMAN AND ECOLOGICAL RISK ASSESSMENT (&) 5

Diet assessment methods

For a diet study, individual-based approach was selected. This study included the develop-
ment of a food frequency questionnaire (FFQ), which was used as a “list-based diet history”
consisting of a structured listing of individual foods (WHO/FAQO 2008).

The whole set of examined food commodities was included to understand not only por-
tion size but also frequency of consumption. To avoid from misleading and not correct data,
standardized FFQ and pictures were used for indication of serving portions. Two hundred
males and females at the age of 25-70 residing in mining areas participated in this study and
filled out the FFQ. The data-collection phase of the research was carried out in August-Sep-
tember, 2015. All the collected data were coded, inputted into a relevantly developed data
entry field, processed, and analyzed with the help of SPSS software (SPSS Ins., version 11).
The food consumption survey involved both male and female respondents in order to imple-
ment exposure assessment by gender.

Data analysis

Estimated daily intake

The average EDI of the assessed trace elements by human subjects was calculated using the
following equation, which is recommended by the United States Environmental Protection
Agency (USEPA) (US EPA 1997).

EDI=(C x IR x EF x ED)/(BW x AT), (1)

where EDI is the average daily intake or dose through ingestion (mg/kg body weight (BW)/
day); C is the trace element concentration in the exposure medium (mg/kg); IR is the inges-
tion rate (kg/day); EF is the exposure frequency (except potato (365 days/year), for all other
investigated fruits and vegetables 183 days/year); ED is the exposure duration (was set to
63.6 for males and 69.7 for females based on the average life expectancy, starting from 8 years
of age); BW is the body weight (kg). According to our polling survey in the studied region,
BWs for males and females were considered to be 70 and 60 kg, respectively; AT is the time
period over which the dose is averaged (days/year multiplied number of exposure years).

A questionnaire-based survey was conducted in the studied villages to determine key risk
factors such as dietary behaviors, daily activities, and lifestyle of local people. In this study
area, most foodstuffs are self-produced.

Target hazard quotient

Human health risk due to trace elements exposure can be expressed in terms of THQ (US
EPA 1997). THQ, based on noncancer toxic risk, is determined by the ratio of the average
EDI resulting from exposure to site media compared to the oral reference dose (R¢(D) for an
individual pathway and chemical.

THQ = EDI/R,D. )

Oral reference dose is an estimation of maximum permissible risk to human population
through daily exposure when taking into consideration a sensitive group during a lifetime.



Downloaded by [109.68.122.69] at 07:13 23 October 2017

6 D. PIPOYAN ET AL.

The applied RD for Mo, Ni, Zn, As, and Cd were 0.005, 0.02, 0.3, 0.0003, and 0.001 mg/kg/
BW/day, respectively (US EPA 1989, 1991a, 1991b, 1992, 2005; Giri 2017). Taking into con-
sideration tolerable daily intake (TDI) proposed by EFSA (EFSA 2014), the oral reference
dose for Cr(III) was 0.3 mg/kg/BW/day. Taking into consideration provisional tolerable
weekly intake (EFSA 2010), the oral reference dose for Pb was 0.0035 mg/kg/BW/day. For
Hg the tolerable weekly intake (0.004 mg/kg/BW/day) was considered (EFSA 2012). Dietary
reference intake (0.01 mg/kg/BW/day) was used as a reference dose for Cu (ATSDR 2004).

If the value of THQ is less than 1, the risk of noncarcinogenic toxic effects is assumed to
be low. When it exceeds 1, there may be concerns for potential health risks associated with
overexposure. To assess the overall potential risk of adverse health effects posed by more
than one metal, the THQs can be summed across contaminants to generate a HI to estimate
the risk of a mixture of contaminants. The HI refers to the sum of more than one THQ for
multiple substances and/or multiple exposure pathways (Zhuang et al. 2014). In the present
study, the HI was used as a screening value to identify whether there is significant risk caused
by trace elements through average dietary consumption for the residents living in rural com-
munities in Syunik region.

Statistical analysis

The significance of difference between food consumption of male and female was analyzed
by using Student’s ¢-test. The data of trace elements concentrations in vegetables and fruits
were subject to analysis of variance test to assess the content of trace elements between dif-
ferent food groups. All the statistical tests were performed using Excel and SPSS software
(SPSS Ins., version 11).

Results and discussion
Levels of trace elements in vegetables and fruits

Contents of Cu, Mo, Ni, Cr, Zn, Pb, Hg, As, and Cd in different vegetables grown in the min-
ing areas of Armenia and intended for self-consumption are given in Table 2.

Mean contents of Cu in investigated plants ranged from 0.5 to 24 mg/kg. Onion bulb
uptake was less (0.5 mg/kg) than in other vegetables. The highest content was detected in
onion leaf samples (24 mg/kg). Determined contents can be explained by two important fac-
tors: (1) this area is one of Armenia’s natural biogeochemical regions to which copper-
molybdenum province belongs; (2) presence of three tailing repositories (Darazami, Vogh-
chi, Pkhrut) in the surroundings of the Zangezur copper-molybdenum mining where several
farmlands are located. Since, our results indicate that there is intensive accumulation in leafy
vegetables, particularly, in onion leaf widely used in this region as a foodstuft.

Mean contents of Mo are highly variable (0.1-44 mg/kg) depending also on the geochem-
ical peculiarities of the farmlands. As described earlier, Kajaran is a geochemical region of
molybdenum and actively exploits local mines, so vegetables growing in the vicinity of the
city show noticeable difference in uptake. Onion leaf uptake was higher than in other vegeta-
bles (44 mg/kg). Relatively high contents were detected in onion leaf and in vegetables such
as carrot, maize, and potato (11.3, 6, and 4.7 mg/kg, respectively), which were taken from
farmlands closed to Kajaran city.
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Table 2. The contents of contaminants in vegetables and fruits from investigated areas.

Contents (mg/kg fresh matter)

Species Mean/SD Cu Mo Ni Cr Pb Zn Hg As Cd
Fruits, vegetables, and seeds
Bean M 8.78 0.56 2.67 033 0.26 8.50 0.002 0.002 0.001
SD 4.16 0.17 1.18 0.08 0.12 3.27 0.001 0.001 0
Sweet pepper M 9.53 1.13 1.80 0.184 0.18 8.68 0.004 0.004 0.002
SD 3.57 0.36 0.54 0.05 0.05 2.25 0.003 0.003 0.001
Maize M 15.73 6.00 3.87 0.28 0.03 11.77 0.001 0.003 0.001
SD 0.87 2.78 0.81 0.04 0.01 3.36 0 0.001 0
Plum M 2.07 0.23 0.63 0.13 0.019 2.80 0.001 0.001 0.001
SD 0.90 0.06 0.15 0.04 0.002 0.35 0.001 0 0
Grape M 7.40 1.13 1.60 0.11 0.01 5.68 0.058 0.012 0.003
SD 1.10 0.51 0.80 0.05 0.005 2.59 0.002 0.008 0.002
Eggplant M 4.68 0.73 1.18 0.17 0.12 6.32 0.002 0.003 n/d
SD 1.71 033 0.28 0.04 0.06 1.71 0.001 0.003 -
Tomato M 3.46 0.44 0.88 0.1 0.07 3.22 0.002 0.001 0.002
SD 1.73 0.25 0.41 0.02 0.02 0.89 0.001 0.001 0.001
Cucumber M 0.63 0.05 0.14 0.11 0.04 0.49 0.001 0.001 n/d
SD 0.17 0.01 0.05 0.01 0.01 0.05 0 0.001 -
Root vegetables
Beet M 3.20 0.50 1.40 0.24 0.172 4.00 0.12 n/d 0.002
SD 1.71 0.20 0.72 0.04 0.03 2.00 0.03 - 0.001
Potato M 9.30 4.67 1.61 0.18 0.182 4.53 0.004 0.003 0.002
SD 2.33 1.61 0.50 0.03 0.03 0.31 0.001 0.001 0.001
Onion bulb M 0.45 0.43 0.08 0.1 0.007 2.84 0.003 0.002 0.001
SD 0.04 0.23 0.03 0.02 0.002 135 0 0 0
Carrot M 10.33 11.25 1.49 0.3 0.079 5.38 n/d n/d 0.01
SD 1.67 475 0.62 0.08 0.009 0.68 - - 0
Leafy vegetables
Fennel M 6.20 0.77 2.57 0.71 0.24 5.63 0.002 0.006 0.001
SD 0.40 0.21 0.70 0.08 0.07 2.84 0 0.001 0
Basil M 6.30 0.62 1.58 0.63 0.23 6.54 0.002 0.001 0.002
SD 3N 0.28 0.83 0.05 0.04 3.17 0.001 0 0.001
Cabbage M 0.99 0.38 033 0.16 0.07 3.03 0.001 0.003 n/d
SD 0.28 0.13 0.06 0.06 0.02 0.15 0.001 0.001 -
Onion leaves M 24.03 44.10 373 0.42 0.1 9.17 n/d n/d n/d
SD 2.24 16.60 0.15 0.09 0.04 1.25 - - -

Note: Data are means of n = 3-10 replicates. n/d, not detected; SD, standard deviation.

The mean contents of Ni in investigated plants ranged from 0.1 to 3.9 mg/kg. The con-
tents of Ni detected in maize (3.9 mg/kg) and onion leaf (3.7 mg/kg) were higher than in
other investigated plants. The minimum concentration of Ni was detected in onion bulb
(0.1 mg/kg).

The mean contents of Cr in studied plants ranged from 0.1 to 0.7 mg/kg. The concentra-
tions in fennel (0.7 mg/kg) and basil (0.6 mg/kg) were higher than in other investigated
plants.

The mean contents of Zn in studied plants are highly variable (0.5-11.8 mg/kg). The con-
tents of Zn detected in maize, onion leaf, sweet pepper, and bean were 11.8, 9.2, 8.7, and
8.5 mg/kg, respectively. The minimum concentration for Zn was detected in cucumber
(0.49 mg/kg).

The mean contents of Pb in investigated plants ranged from 0.01 to 0.3 mg/kg. The con-
centrations of Pb in bean (0.3 mg/kg), potato (0.2 mg/kg), sweet pepper (0.2 mg/kg), and
beet (0.2 mg/kg) were higher than the maximum level (0.1 mg/kg) set by EU Commission
Regulation (European Commission 2006).
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Hg concentration in beet (0.1 mg/kg) exceeds the general limit (1 mg/kg) proposed by
JECFA (FAO/WHO 2002). For the other plants, the contents of Hg were below 1 mg/kg.

The contents of As and Cd in investigated samples were less than the contents of other
determined toxic trace elements. Besides, the contents of Cd in investigated plants were
below the maximum level set by EU Commission Regulation (European Commission 2006).

Estimated daily intake and target hazard quotient

Dietary exposure of potentially toxic trace elements in humans depends on daily intake. The
EDI values for trace elements are firmly based not only on contamination level but also on
consumption of vegetables and fruits grown in contaminated areas.

THQ was calculated to assess the potential of investigated vegetables and fruits in causing
adverse health effects.

EDI and THQ values both for males and females are generalized in Tables 3 and 4.

The highest EDI of Cu, both for females and males, was detected in maize (5.77E-02 and
5.17E-02 mg/kg/BW/per day, respectively), which is higher than dietary reference intake of
the metal (1.00E-02 mg/kg/BW/day) (ATSDR 2004). For both male and female, the EDI for
bean and potato was also higher than dietary reference intake value. The minimum EDI was
obtained for onion bulb, for male 2.57E-04 mg/kg/BW/day and for female 3.00E-04 mg/kg/
BW/day, respectively. Cumulative daily intakes (Table 3) both for male and female exceeded
the dietary reference intake of Cu.

THQ for Cu was more than 1 in maize, potato, bean, sweet pepper, grape, carrot, egg-
plant, tomato, and onion leaves both for males and females. It means that consumption of
those vegetables can have negative health effect. Some vegetables (particularly plum and beet
for male) have THQ values, which are very close to 1. Although for some investigated fruits
and vegetables THQ values were less than 1, they can substantially contribute to total THQ
when combined among them.

According to Yu et al. (Yu et al. 2006) the EDI amounts of the Cd, Pb, and Cu toxic ele-
ments from the vegetables grown at three villages near to Baiyin, a Chinese mining and
smelting site, have exceeded the recommended dietary allowance levels and thus have a
health hazard for human consumption. The HI values for adults and children were 10.25
and 11.11, respectively. The article highlights the importance of multiple pathways in study-
ing health risk assessment of heavy metal exposure in China.

The results of the present investigation showed that the highest EDI of Mo was obtained
for carrot, for female 4.31E-02 mg/kg/BW/day and for male 2.89E-02 mg/kg/BW/day,
respectively, which exceeded the R{D of metal (5.00E-03 mg/kg/BW/day) (US EPA 1992).
The obtained results also suggested that in case of consumption of potato, onion leaf, and
maize the EDI values exceeded the R{D. The minimum EDI was obtained for cucumber for
female and male, 2.33E-04 mg/kg/BW/day and 2.29E-04 mg/kg/BW/day, respectively. THQ
for Mo ranged from 0.05 to 5.79 for males and from 0.05 to 8.63 for females. It should be
stressed that the cumulative daily intake of Mo (Table 3) does not exceed the reference
dose, so consumption of several vegetables does not have a significant potential in causing
adverse health effects. For selected vegetables, such as carrot, potato, onion leaf, THQ value
is more than 5, which proves that risks are obvious and precautions must be undertaken.
For maize consumption, THQ is higher than 1 for male and female (3.94 and 4.40).
The results of investigation show that cucumber and onion bulb do not have any significant
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Table 4. Fruit and vegetable consumption data for males and females.

Ingestion rate, kg/day

Species Males Females

Fruits, vegetables, and seeds

Bean 0.36 0.32
Sweet pepper 0.25 0.22
Maize 0.23 0.22
Plum 0.26 0.19
Grape 0.30 0.25
Eggplant 0.36 033
Tomato 0.38 0.35
Cucumber 0.32 0.28

Root vegetables
Beet 0.18 0.20
Potato 0.38 0.30
Onion bulb 0.04 0.04
Carrot

Leafy vegetables
Fennel 0.05 0.05
Basil 0.05 0.05
Cabbage 0.24 0.20
Onion leaves 0.04 0.04

contribution in Mo exposure. In an area in Armenia, where the population is exposed to a
high dietary intake of Mo for geophysical reasons with soil levels of 77 mg Mo/kg and 39 mg
Cu/kg, aching joints and gout like symptoms have been reported. The daily intakes of Mo
and Cu, calculated from analysis of levels in different foods, were 10-15 mg Mo/day
(equivalent to 0.14-0.21 mg Mo/kg BW/day for a 70 kg adult) and 5-10 mg Cu/day, com-
pared to intakes of 1-2 mg Mo and 10-15 mg Cu in a control area (SCF 2000). Biochemical
investigations showed abnormally high serum uric acid levels in humans and livestock
(81 mg/L in humans with symptoms). The US NRC concluded that the involvement of Mo
was speculative (SCF 2000).

Because of the deficiencies in the study conducted in Armenia, inadequate data exist for
identifying a causal association between excess molybdenum intake in normal, apparently
healthy individuals, and any adverse health outcomes.

EDI values of Ni obtained for all investigated plants did not exceed R(D (2.00E-02 mg/kg/
BW/day) (US EPA 1991b) and TDI (2.80E-03 mg/kg/BW/day) of metal (EFSA 2015).

None of the studied vegetables and fruits has a THQ > 1 for Ni, but some vegetables have
high contribution. Ni THQ of bean and maize for female is equal to 0.7, while for males it is
0.69 and 0.64, respectively, which declares that mixing of these vegetables in a diet will con-
tribute to THQ more than 1. According to data presented in Table 3, the cumulative daily
intakes of Ni both for male and female exceeded R(D and TDI values. Generalizing obtained
data, it is possible to argue that Ni also has a potential to pose adverse health effects.

The highest EDI of Hg for both male and female were found in grape (2.49E-04 and
2.42E-04, respectively) and beet (3.09E-04 and 4.00E-04, respectively), instead, the other
analyzed foodstuff did not exceed the reference value (5.40E-04mg/kg/BW/day) (EFSA
2012). THQ values of Hg both for males and females did not exceed 1.

The EDI values of Cr, Zn, Pb, As, and Cd for all investigated plants were below reference
values of 3.00E-01, 3.00E-01, 3.50E-03, 3.00E-04, and 1.00E-03 mg/kg/BW/day, respectively
(US EPA 1989, 1991a, 2005; EFSA 2010, 2014). Although, according to Table 3, only for Pb
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Figure 1. Hazard index (HI) for males (left) and females (right). Note: The vertical line represents the safety
level (HI = 1).

the cumulative daily intake exceeded the reference dose. Zhuang et al. (Zhuang et al. 2014)
reported that EDI and THQs for Cd and Pb of rice and vegetables cultivated in vicinity of
Dabaoshan mine, China, exceeded the FAO/WHO permissible limit. Cui et al. (Cui et al.
2004) also reported high exposure of Cd and Pb for local residents in Nanning, China.
Assessment of potential health risks through intake of vegetables grown in areas of Zhejiang,
China indicates that for the general people there is very low health risk to As, Cd, Cr, Pb, Ni,
and Hg by vegetable intake (Pan et al. 2016).

In the present study Cr, Zn, As, and Cd were not found to cause any risk to the local pop-
ulation for majority of analyzed vegetables.

In a recent paper, the total health risk index calculated for people in Guizhou, Yunnan,
Guangxi, Hunan, Guangdong, Hubei provinces in southern China, and Liaoning province in
northeast China, showed a high risk for Pb, Cd, and Hg when consuming vegetables grown
in these areas (Zhong et al. 2017).

According to Liu et al. (Liu et al. 2013) the hazard quotient of rape, celery, cabbage, aspar-
agus, lettuce, and carrot intended for diet in the studied sites in China are much higher than
the USEPA guideline values, showing that the above-mentioned vegetables are unsafe for
human consumption. The authors consider that a large daily intake of these vegetables is
likely to cause a significant health hazard to the residents and consumers.

The data on combined THQ (HI) for vegetables and fruits are summarized in Figure 1. It is
obvious that there is a potential risk to human health through more than one trace element
both for male and female. HI > 1 values obtained for all investigated vegetables showed a
decreasing order of potato > maize > carrot > onion leaves > bean > grape > sweet pepper
> eggplant > tomato > beet > plum and carrot > maize > potato > onion leaves > bean
> grape > sweet pepper > eggplant > tomato > beet for male and female, respectively.

Conclusions

Vegetables and fruits are important source of food in the studied region and they also con-
tribute to exposure to potentially toxic trace elements. It is recommended that intense con-
sumption of vegetables and fruits growing in contaminated areas should be avoided. Our
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investigation pointed out that in this area contamination of vegetables can cause health risk
problems. Several elements such as Cu and Mo had EDI values that exceeded the available
reference values. It is also noted that some vegetables, particularly leafy vegetables, have
intensive uptake of toxic trace elements.

Habitual consumption of contaminated vegetables and fruits results in long-term health
effects and the impact becomes apparent after several years. That is why monitoring and
risk assessment is crucial for maintaining consumer health protection.

Acknowledgment

This study was realised within the frame of Erasmus Mundus Alrakis Project.

Declaration of interest

The authors declare that they have no conflicts of interest.

References

Allen SE, Grimshaw HM, and Rowland AP. 1986. Chemical analysis. In: P. D. Moore and S. B. Chap-
man (eds), Methods in Plant Ecology, pp. 285-344. Blackwell, Scientific Publication, Oxford,
London

Antoniadis V, Shaheen S M, Boersch J, et al. 2017. Bioavailability and risk assessment of potentially
toxic elements in garden edible vegetables and soils around a highly contaminated former mining
area in Germany. ] Environ Manage 186:192-200

ATSDR (Agency for Toxic Substances and Diseases Registry) 2004. Toxicological Profile for Copper.
Update. Agency for Toxic Substances and Diseases Registry, Centers for Disease Control, Atlanta,
GA. [Internet]. Available from: https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id = 206&tid = 37

Cui Y], Zhu YG, Zhai RH, et al. 2004. Transfer of metals from near a smelter in Nanning, China. Envi-
ron Int 30:785-91

D’Amato M, Turrini A, Aureli F, et al. 2013. Dietary exposure to trace elements and radionuclides:
The methodology of the Italian Total Diet Study 2012-2014. Ann. Ist. Sup Sanita 49:272-80

Ding Q, Cheng G, Wang Y, et al. 2017. Effects of natural factors on the spatial distribution of heavy
metals in soils surrounding mining regions. Sci Total Environ 578:577-85

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2010. Scientific opinion on lead in
food. EFSA ] 8(4):1570

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2012. Scientific opinion on the
risk for public health related to the presence of mercury and methylmercury in food. EFSA ]
10(12):2985

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2014. Scientific opinion on dietary ref-
erence values for chromium. EFSA J 12(10):3845

EFSA Panel on Contaminants in the Food Chain (CONTAM). 2015. Scientific opinion on the risks to
public health related to the presence of nickel in food and drinking water. EFSA ] 13(2):4002

European Commission. 2002. Regulation (EC) N 178/2002 of 28 January 2002 laying down the general
principles and requirements of food law, establishing the European Food Safety Authority and lay-
ing down procedures in matters of food safety. Off ] Eur Comm L31:1-23

European Commission. 2006. Regulation (EC) No. 1881/2006 of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Off ] Eur Union 5:24

FAO/WHO. 2006. Food Safety Risk Analysis. A guide for national food safety authorities. FAO. Food
and Nutrition paper. 87. [Internet]. Available from: http://www.who.int/foodsafety/publications/
micro/riskanalysis06.pdf


https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=206&tid=37
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=206&tid=37
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=206&tid=37
https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=206&tid=37
http://www.who.int/foodsafety/publications/micro/riskanalysis06.pdf
http://www.who.int/foodsafety/publications/micro/riskanalysis06.pdf

Downloaded by [109.68.122.69] at 07:13 23 October 2017

HUMAN AND ECOLOGICAL RISK ASSESSMENT (&) 13

FAO/WHO. 2009. Principles and methods for the risk assessment of chemicals in food. environmental
health criteria. 240. In: IPCS (International Program on Chemical Safety). Chapter 6. Dietary Expo-
sure Assessment of Chemicals in Food. WHO, Geneva

FNB/IOM (Food and Nutrition Board/Institute of Medicine) 2006. Dietary Reference Intakes: The
Essential Guide to Nutrient Requirements. National Academies Press, Washington DC. [Internet].
Available from: https://www.nal.usda.gov/sites/default/files/fnic_uploads/DRIEssentialGuideNu
tReq.pdf

Giri S and Singh KA. 2017. Ecological and human health risk assessment of agricultural soils based on
heavy metals in mining areas of Singhbhum copper belt, India. Human Ecol Risk Assess: An Int J
23(5):1008-27

IPCS/WHO. 2004. Risk Assessment terminology. [Internet]. Available from: http://www.who.int/ipcs/
methods/harmonization/areas/ipcsterminologypartsland2.pdf

JECFA (Joint FAO/WHO expert committee on food additives). 2002. Limit test for heavy metals in
food additive specifications: Explanatory note. [Internet]. Available from: http://www.fao.org/filead
min/templates/agns/pdf/jecfa/2002-09-10_Explanatory_note_Heavy_Metals.pdf

JECFA (Joint FAO/WHO Expert Committee on Food Additives). 2012. Safety evaluation of certain
food additives and contaminants. Paper presented at: 74rd Meeting of the Joint FAO/WHO Expert
Committee on Food Additives. WHO Food Additives Series 65. [Internet]. Available from: http://
www.inchem.org/documents/jecfa/jecmono/v65je01.pdf

Khan FE, Jolly YN, Islam GMR, et al. 2014. Contamination status and health risk assessment of trace
elements in foodstuffs collected from the Buriganga River embankments, Dhaka, Bangladesh. Int J
Food Contam 1:1-8

Liu X, Song Q, Tang Y, et al. 2013. Human health risk assessment of heavy metals in soil-vegetable sys-
tem: A multi-medium analysis. Sci Total Environ 463-464:530-40

Marin S, Pardo O, Bdguena R, et al. 2017. Dietary exposure to trace elements and health risk assess-
ment in the region of Valencia, Spain: A total diet study. Food Addit Contam: Part A. 34(2):228-
40. DOI:10.1080/19440049.2016.1268273

Pan X-D, Wu P-G, and Jiang X-G. 2016. Levels and potential health risk of heavy metals in marketed
vegetables in Zhejiang, China. Sci Rep. 6:20317. DOI: 10.1038/srep20317

Saghatelyan A, Sahakyan L, and Belyaeva O. (2013). Food safety issues of the mining impact territo-
ries. In 13th International Multidisciplinary Scientific Geoconference (SGEM 2013), 489-96,
Albena, Bulgaria

SCF (Scientific Committee on Food) 2000. Opinion on the Tolerable Upper Intake Level of Molybde-
num. [Internet]. Available from: https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_sc
f out80h_en.pdf

US EPA (United States Environmental Protection Agency) 1989. Cadmium; CASRN 7440-43-9,
Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/iris2/chemicalLand
ing.cfm?substance_nmbr = 141

US EPA (United States Environmental Protection Agency) 1991a. Arsenic, inorganic; CASRN 7440-
38-2, Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/iris2/chemical
Landing.cfm?substance_nmbr = 278

US EPA (United States Environmental Protection Agency) 1991b. Nickel, soluble salts; CASRN Vari-
ous, Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/iris2/chemical
Landing.cfm?substance_nmbr = 271

US EPA (United States Environmental Protection Agency) 1992. Molybdenum; CASRN 7439-98-7,
Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/iris2/chemicalLand
ing.cfm?substance_nmbr = 425

US EPA (United States Environmental Protection Agency) 1997. Exposure Factors Handbook. EPA/
600/P-95/002F, Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/risk/
recordisplay.cfm?deid = 12464

US EPA (United States Environmental Protection Agency) 2005. Zinc and Compounds; CASRN 7440-
66-6, Washington, DC, USA. [Internet]. Available from: https://cfpub.epa.gov/ncea/iris/iris_docu
ments/documents/subst/0426_summary.pdf

WHO. 1996. Trace Elements in Human Nutrition and Health, p. 361


https://www.nal.usda.gov/sites/default/files/fnic_uploads/DRIEssentialGuideNutReq.pdf
https://www.nal.usda.gov/sites/default/files/fnic_uploads/DRIEssentialGuideNutReq.pdf
http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf
http://www.who.int/ipcs/methods/harmonization/areas/ipcsterminologyparts1and2.pdf
http://www.fao.org/fileadmin/templates/agns/pdf/jecfa/2002-09-10_Explanatory_note_Heavy_Metals.pdf
http://www.fao.org/fileadmin/templates/agns/pdf/jecfa/2002-09-10_Explanatory_note_Heavy_Metals.pdf
http://www.inchem.org/documents/jecfa/jecmono/v65je01.pdf
http://www.inchem.org/documents/jecfa/jecmono/v65je01.pdf
https://doi.org/10.1080/19440049.2016.1268273
https://doi.org/10.1038/srep20317
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80h_en.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/sci-com_scf_out80h_en.pdf
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=141
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=141
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=141
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=141
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=278
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=278
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=278
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=278
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=271
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=271
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=271
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=271
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=425
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=425
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=425
https://cfpub.epa.gov/ncea/iris2/chemicalLanding.cfm?substance_nmbr=425
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12464
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12464
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12464
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=12464
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0426_summary.pdf
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0426_summary.pdf

Downloaded by [109.68.122.69] at 07:13 23 October 2017

14 D. PIPOYAN ET AL.

WHO/FAO. 2008. Dietary Exposure Assessment of Chemicals in Food. Annapolis, Maryland,
USA. [Internet]. Available from: http://apps.who.int/iris/bitstream/10665/44027/1/
9789241597470_eng.pdf

Yu L, Yan-bin W, Xin G, et al. 2006. Risk assessment of heavy metals in soils and vegetables around
non-ferrous metals mining and smelting sites, Baiyin, China. ] Environ Sci 18(6):1124-34

Yusa V, Suelves T, Ruiz-Atienza L, et al. 2008. Monitoring programme on cadmium, lead and mercury
in fish and seafood from Valencia, Spain: Levels and estimated weekly intake. Food Addit Contam
Part B Surveillance 1:22-9

Zhong T, Xue D, Zhao L, et al. 2017. Concentration of heavy metals in vegetables and potential health
risk assessment in China. Environ Geochem Health. DOI 10.1007/s10653-017-9909-6

Zhou H, Yang WT, Zhou X, et al. 2016. Accumulation of heavy metals in vegetable species planted in
contaminated soils and the health risk assessment. Environ Res Public Health 13:289

Zhuang P, Lu H, Li Z, et al. 2014. Multiple exposure and effects assessment of heavy metals in the pop-
ulation near mining area in South China. PLoS One 9(4):¢94484


http://apps.who.int/iris/bitstream/10665/44027/1/9789241597470_eng.pdf
http://apps.who.int/iris/bitstream/10665/44027/1/9789241597470_eng.pdf
https://doi.org/10.1007/s10653-017-9909-6

	Abstract
	Introduction
	Methods and materials
	Study site choice
	Plant sampling
	Digestion of samples
	Analysis of trace elements
	Quality assurance and quality control
	Diet assessment methods
	Data analysis
	Estimated daily intake
	Target hazard quotient

	Statistical analysis

	Results and discussion
	Levels of trace elements in vegetables and fruits
	Estimated daily intake and target hazard quotient

	Conclusions
	Acknowledgment
	Declaration of interest
	References

