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A B S T R A C T   

Flour-based products, one staple food items of Armenians’ diet, can be major contributors to the total exposure to 
trace elements. Therefore, this pilot study estimated the exposure to potentially toxic trace elements (Pb, Cd, Hg, 
Ni, Mo, Cu), and the related health risks, through consumption of the main flour-based products (white bread, 
lavash, pasta, cookies) in the capital city Yerevan. The TE contents in market samples were analyzed using 
atomic absorption spectrometry. The product consumption data were obtained via a 24-h recall survey amongst 
Yerevan adults (1272 respondents). Following the K-mean clustering test, three clusters were determined for 
each type of the product intake. The daily intakes and margin of exposure of trace elements were calculated by 
the deterministic approach. Considering the health-based guidance values and the obtained daily intakes, con-
cerns for consumer safety were identified in case of dietary exposure to Ni. Moreover, the estimated of all studied 
elements highlighted that a consumer health concern (identified by margin of exposure less than 10) cannot be 
excluded in the case of white bread (mainly) as well as lavash and cookies consumption. This pilot study provides 
important highlights towards future total diet studies in Armenia.   

1. Introduction 

During the last decades, food contamination by potentially toxic 
trace elements is a public health concern in most countries, including 
Armenia (Khaneghah et al., 2020; Sharma and Nagpal, 2020; Pipoyan 
et al., 2020; Yang et al., 2020). Trace elements can enter the environ-
ment via natural and anthropogenic sources, including mining, refining, 
inadequate disposal of waste, and the continuous increase in industri-
alization and urbanization (Anyanwu et al., 2018). Various in-
vestigations documented the transfer of several trace elements of 
concern from different matrices of the environment through to food (Rai 
et al., 2019). In addition, trace elements can enter the food production 
chain due specific practices and procedures from the field to fork, e.g., 
fertilizers, additives or cookware, especially in developing Countries, 
where the food safety framework is weaker (Jitaru et al., 2019). 

Dietary intake can make up a major fraction of the overall exposure 
to toxic trace elements (e.g. Pb, Cd, Hg, Ni) as well to trace elements that 

have nutritional roles but are potentially toxic at excess exposures (e.g. 
Mo, Cu). Due to long-term exposure, multiple targets and chronic 
toxicity, trace elements can cause adverse health effects by affecting 
several organs and systems (Dorne et al., 2011). The fundamental 
mechanisms of trace element toxicity include formation of free radicals 
thereby increasingoxidative stress, interaction with and damage of 
biological molecules, as well as damage to DNA, which is critical for 
carcinogenesis (Engwa et al., 2019). 

The assessment of dietary exposure to trace elements results from 
both the quantified contents in foods and the consumption patterns of a 
specific population (Goldhaber, 2003; Filippini et al., 2019). Hence, 
total diet studies (TDSs) have been and are carried out worldwide as a 
fundamental tool for exposure assessment. In general, the commonly 
consumed food products representing the overall diet of the population 
have been considered and investigated in the frame of TDSs. This allows 
to identify food products or food groups that are major contributors to 
the overall dietary exposure (ANSES, 2011; ATDS, 2019; Gimou et al., 
2014; Jitaru et al., 2019). 
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Due to widespread intake and to certain environmental dynamics, 
cereal-based foods play an important role in the dietary exposure to 
toxic elements. According to EFSA’s scientific opinions, these products 
were identified as major contributors to the dietary exposure of the 
aforementioned potentially toxic trace elements, primarily because of 
the high consumption amongst the general European population (EFSA, 
2009, 2010, 2012d, 2015). 

According to household data of the Integrated Living Conditions 
Survey (ILCS) carried out in Armenia, when considering both the food 
daily consumption pattern and the retail trade turnover of food com-
modities, the proportion of flour-based products or cereals is much 
higher as compared with the other types of food. About half (47 percent) 
of the actual diet of an average Armenian consists of cereal-based sta-
ples, mainly wheat bread. Moreover, a nation-wide survey for dietary 
patterns of households, based on a seven-day food frequency question-
naire, showed that 98% of households consumed bread daily (WFP, 
2018). Based on survey data by the Statistical Committee of Republic of 
Armenia, the average daily intake of bread in the country is estimated as 
319 g per capita, 82.4% belong to white bread and 16.9% - to lavash 
(Armenian traditional bread), both baked from the white-grade wheat 
flour and hereinafter respectively referred to as “white bread” and 
“lavash”. For other flour-based staple foods like pasta (maca-
roni/vermicelli) and cookies, the daily consumptions per capita were 
19.34 and 8.5 g/day respectively (ARMSTAT, 2016). 

Even though flour-based products provide an essential contribution 
in an average Armenian diet, there are no investigations on the dietary 
exposure to trace elements associated with the consumption of these 
staple foods. Hence, this study aims to assess the exposure to potentially 
toxic trace elements (Pb, Cd, Hg, Ni, Mo, Cu), and the related health 
risks, via consumption of the main flour-based products (white bread, 
lavash, pasta and cookies) among adult population in the capital city of 
Yerevan. The study is a pilot for a more comprehensive total-diet 
exposure assessment. 

2. Materials and methods 

2.1. Sampling and sample preparation 

The sampling of flour-based products (white bread, lavash, pasta, 
cookies) was done in 2019 from Yerevan’s supermarkets, markets as 
well as bakeries in compliance with standard operational procedures 
(SOPs) developed by the staff of the Center for Ecological-Noosphere 
Studies NAS RA (CENS) in accordance with the total diet study (TDS) 
methodology (EFSA/FAO/WHO, 2011; Jitaru et al., 2019). Following 
the SOPs, the number of collected individual samples (sub-samples) was 
estimated to cover the main food market in the city of Yerevan. 

Individual samples (weighed 200–300g) were pooled in order to 
create representative composite samples. Prior to pooling process, the 

Abbreviations 

AI Adequate Intake 
ANOVA One-Way Analysis of Variance 
BMDL Benchmark Dose Lower Confidence Limit 
CENS Center for Ecological-Noosphere Studies 
DI Daily Intake 
EFSA European Food Safety Authority 
EFSA NDA European Food Safety Authority Panel on Dietetic 

Products, Nutrition and Allergies 
EU European Union 
FAO Food and Agricultural Organization 
HBGV Health-Based Guidance Value 
IARC International Agency for Research on Cancer 
IBM SPSS International Business Machines Statistical Package for 

the Social Sciences 

ILCS Integrated Living Conditions Survey 
IR Ingestion Rate 
LOD Limit of Detection 
LOQ Limit of Quantification 
MOE Margin of Exposure 
SD Standard Deviation 
SCF Scientific Committee on Food 
SOPs Standard Operational Procedures 
SRM Standard Reference Material 
TDI Tolerable Daily Intake 
TDS Total Diet Study 
TE Trace Element 
TWI Tolerable Weekly Intake 
UL Upper Intake Level 
WHO World Health Organization  

Table 1 
The health-based guidance values (HBGVs) for trace elements.  

Trace elements HBGVs Value/Unit Toxicological 
data 

Hazard Source of 
Reference 

Lead (Pb) BMDL10 6.30E-04 mg/kg bw/day Human Increased prevalence of chronic kidney disease 
in adults 

EFSA (2010) 

Cadmium (Cd) TWI 2.50E-03 mg/kg bw/week Human Primarily nephrotoxicity, also bone 
demineralization 

EFSA, 2011, 
2012a 

Mercury (Hg) 
(inorganic) 

TWI 4.00E-03 mg/kg bw/week Animal Kidney weight changes EFSA (2012d) 

Nickel (Ni) TDI 2.80E-03 mg/kg bw/day Animal Intrauterine toxicity (exposure of pregnant 
female) 

EFSA (2015) 

BMDL10 1.10E-03 mg/kg bw/day Human Systemic contact dermatitis upon acute oral 
exposure in Ni-sensitized subjects 

Molybdenum (Mo) AI 65 μg/day in the adult =
1.00E-03 mg/kg bw/day 

Human Diarrhea, anaemia, immaturity of erythrocytes, 
uricaemia 

EFSA NDA 
(2013) 

UL 1.00E-02 mg/kg bw/day Animal Intrauterine toxicity (exposure of pregnant 
female) 

EC SCF (2000) 

Copper (Cu) AI 1.3 (females), 1.5 (pregnant and lactating women), 
1.6 (males) = 2 to 2.4E-02 mg/kg bw/day 

Human Liver and gastrointestinal effects EFSA NDA 
(2015) 

UL 5 mg/day =
7.00E-02 mg/kg bw/day 

EC SCF (2003) 

Note: BMDL10-benchmark dose level; TWI – tolerable weekly intake; AI - adequate intake, UL-upper intake level; TDI- tolerable daily intake. 
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pasta samples were prepared (boiled) in accordance with the common 
recipes used by the majority of Yerevan population. The pooled sample 
of white bread and lavash was composed of 18 sub-samples, pasta and 
cookies samples were composed of 4 and 14 sub-samples, respectively. 
Overall, 4 composite samples were prepared. 

The triplicate of composite samples (4 food groups/product cate-
gory) of flour-based products were labeled, and then transported to the 
laboratory. 

2.2. Pre-treatment and extraction of samples 

The pooled samples of both white bread and lavash were dried at 
room temperature and ground by a stainless grinder. A composite cookie 
sample was ground and the pasta sample homogenized. After pre- 
treatment for the sample extraction, a wet digestion method was 
applied with tri-acid mixtures: nitric (HNO3), sulfuric (H2SO4) and 
perchloric (HClO4) acids in ratio 5:1:1 (Allen et al., 1986; Pipoyan et al., 
2018). The digested samples were then cooled, filtered and the eluate 
was diluted to 50 mL with distilled water. 

2.3. Detection of trace elements, quality assurance and control 

The final diluted filtrates were analyzed for the six trace elements 
under investigation: lead (Pb), cadmium (Cd), mercury (Hg), nickel (Ni), 
molybdenum (Mo) and copper (Cu) using an atomic absorption spec-
trometry (AAnalyst 800, PerkinElmer, USA). The calibration was made by 
preparing working standard solutions, which were obtained from the 
PerkinElmer authorized distributor. The acetylene gas was used as a fuel 
with distribution of air. The method accuracy was validated by three 
replicate measurements of Standard Reference Materials for trace ele-
ments (SRM 1570a and SRM 1573a, National Institute of Standards and 
Technology, USA). The results within ±2% of the certified values were 
considered reliable (Pipoyan et al., 2018). 

All glassware was washed with double distilled deionized water, 
then left overnight in HNO3 solution (10%, v/v). After the glassware was 
rinsed with deionized water and then dried in an oven (Allen et al., 
1986). 

The limits of detection (LOD) and limits of quantification (LOQ) for 
each trace element are provided in Table 1 of the Supplemental Material. 

2.4. Food consumption data collection 

The 24-h recall method was used to obtain data for flour-based food 
consumption by the Yerevan’s adult population (18–65 years old), as 
this method considered to be the most efficient one for diet investigation 
(FAO, 2018). 

Data collection period was one year (started from October of 2018) 
and was done by well-trained interviewers via face-to-face and tele-
phone interviews in accordance with dietary study guideline imple-
mented by FAO (FAO, 2018). SPSS software (IBM SPSS, v.22) was used 
for data entry from pre-structured forms. 

For the food consumption survey the response rate of the surveyed 
population (Yerevan’s adult residents) was 90.9%. 

The sample consisted of 1272 respondents, ranging from 18 to 65 
years old. Moreover, the survey was designed to collect data on gender 
(32% male and 68% female), education level (80% had higher educa-
tion), and income level (70% refused to answer to this question). 

2.5. Exposure assessment 

The estimation of daily intake (DI) of trace elements through the 
consumption of the flour-based products were determined by the 
equation as follows (Naghipour et al., 2014):  

DI = C x IR/BW                                                                             (1) 

where C - the mean concentration of trace elements in the sample (re-
ported in wet weight, mg/kg); IR - the ingestion rate (average daily 
consumption) of flour-based products by the Yerevan population (kg/ 
day), BW - mean body weight (in accordance to the 24-h recall survey 
data the mean body weight for the Yerevan’s adult population was 65 
kg). 

2.6. Margin of exposure (MOE) 

In order to conduct risk assessment, the MOE was calculated for the 
selected trace element in accordance with the following equation 
(Benford et al., 2010):  

MOE = HBGV/ DI                                                                          (2) 

where HBGV - the up-to-date health-based guidance value of each trace 
element (Table 1), DI - daily intake of the trace element via consumption 
of flour-based products. The value expresses the fraction of HBGV 
covered by the intake of the trace element through the relevant food 
group. 

The interpretation of MOE depends on hazard identified as well as on 
uncertainties (Benford et al., 2010). Moreover, MOE only indicates a 
level of concern and does not quantify risk (EFSA, 2012c). 

For trace elements with a nutritional role (Mo, Cu), the recom-
mended daily intake was considered together with the HBGV for toxic 
effects. 

2.7. Statistical analysis 

Based on the tests of normality, the significance value of the Shapiro- 
Wilk Test was below 0.05, indicating that the consumption data signif-
icantly deviates from a normal distribution. Therefore, to get a ho-
mogenous data, K-means clustering was done using IBM SPSS software 
(IBM SPSS. v22) (Granato and Ares, 2014). This method is used to 
analyze dietary patterns when there is a large number of input variables. 
The K-means method derives clusters based on the mean intakes. It 
minimizes the sum of squares of distances between each person’s food 
intake and the mean of the cluster (Newby and Tucker, 2004). In this 
study, the sum of squared deviations was identified using the one-way 
analysis of variance (ANOVA) test. 

The number of subjects in N1, N2 and N3 Clusters of each flour-based 
product was as follows: for white bread - 619, 122 and 16, for lavash - 
205, 57 and 14, for pasta - 5, 16 and 97, for cookies- 83, 29 and 6. 

All the statistical treatments of survey data were done with the help 
of above-mentioned software (Granato and Ares, 2014) and after the 
results were treated by MS office Excel software (Microsoft Excel, 2016). 

Table 2 
The mean contents (mg/kg) of trace elements in selected flour-based products.  

Sample Trace element contents (Mean, SD) 

Pb Cd Hg Ni Mo Cu 

White 
bread 

1.36E- 
02 

5.81E- 
03 

8.61E- 
03 

1.94E- 
01 

2.94E- 
01 

1.89E+00 

SD 7.45E- 
07 

1.09E- 
07 

1.62E- 
06 

4.83E- 
06 

2.85E- 
05 

9.00E-06 

Lavash 
SD 

1.87E- 
02 
2.04E- 
06 

6.34E- 
03 
1.01E- 
07 

1.20E- 
02 
1.35E- 
06 

2.69E- 
01 
9.76E- 
05 

2.68E- 
01 
1.34E- 
05 

1.94E+00 
2.00E-06 

Pasta 
SD 

1.50E- 
03 
9.00E- 
07 

1.37E- 
03 
3.10E- 
07 

5.07E- 
03 
2.60E- 
03 

3.76E- 
02 
2.43E- 
06 

3.36E- 
02 
2.50E- 
06 

6.73E-01 
4.70E-05 

Cookies 
SD 

4.26E- 
02 
5.90E- 
06 

1.66E- 
02 
5.10E- 
07 

1.50E- 
03 
4.00E- 
07 

3.53E- 
01 
2.05E- 
06 

1.51E- 
02 
1.16E- 
06 

2.08E+00 
2.10E-05 

Note: SD - standard deviation. 
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3. Results and discussions 

3.1. Trace elements contents in flour-based products 

The composite samples of white bread, lavash, pasta and cookies 
contain all the seven studied trace elements. The data are presented in 
Table 2. 

The obtained results indicated that the concentrations of trace ele-
ments in white bread and lavash samples are in the following decreasing 
order: Cu > Mo > Ni > Pb > Hg > Cd and Cu > Ni > Mo > Pb > Hg > Cd, 
respectively, showing two broadly similar series. For pasta and cookies 
trace elements contents were in the following decreasing order: Cu > Ni 
> Mo > Hg > Pb > Cd and Cu > Ni > Pb > Mo > Cd > Hg. Also, these 
series are broadly comparable: main differences concern the contents of 
copper and mercury. The highest contents detected in all samples were 
for copper, the lowest of cadmium in bread, lavash and pasta samples 
and of mercury in cookies sample. 

The mean levels of lead, cadmium, nickel and copper were in the 
range of 1.50E-03 to 4.26E-02 mg/kg, 1.37E-03 to 1.66E-02 mg/kg, 
3.76E-02 to 3.53E-01 mg/kg and 6.73E-01 to 2.08E+00 mg/kg, 
respectively. The highest contents were detected in cookies and the 
lowest in pasta. 

The mean contents of mercury and molybdenum varied from 1.50E- 
03 to 1.20E-02 mg/kg and 1.51E-02 to 2.94E-01 mg/kg, respectively. In 
both cases the lowest values were detected in cookies sample. The 
highest value of mercury was observed in lavash, then in white bread 
(8.61E-03 mg/kg) samples. The highest levels of molybdenum were 
detected in white bread and lavash (2.68E-01 mg/kg) samples. 

In all samples, the copper content was the highest one compared to 
the other metals. Cookies, lavash and white bread samples contained the 
highest levels of copper, while pasta had the lowest content. 

Overall, the main findings of this pilot study indicate that pooled 
samples of flour-based products (white bread, lavash, pasta and cookies) 
sold in the city of Yerevan, Armenia contain all investigated TEs (Pb, Cd, 
Hg, Ni, Mo, Cu). Except Hg and Mo, the highest levels of Pb, Cd, Ni and 
Cu were observed in cookie’s samples and the lowest ones in pasta 
samples. 

The results on three metals (lead, cadmium, nickel) can be compared 
to those obtained on different kinds of bread in Iran, a country bordering 
Armenia. In Iranian breads, values were twice as high as those obtained 
in the present research: cadmium, lead and nickel levels varied from 
2.00E-02 to 1.30E-01 mg/kg, from 3.30E-0 to 19.00E-01 mg/kg and 
from 2.40E-01 to 2.80E+00 mg/kg, respectively (Naghipour et al., 
2014). In another neighbour Country, Turkey, the mean levels of lead, 
cadmium and copper in bread samples were 8.68E-02, 1.22E-02 and 
2.10E-03 mg/kg, respectively (Demirözüaİ B. et al., 2003). For lead and 
cadmium, the concentration levels were 6.4 and 2.1 times higher than 
those detected by our research. Meanwhile, the mean concentration 
level of copper was significantly higher in Armenian bread. 

The levels obtained for lead and nickel in Lebanon white bread were 
significantly higher: from 5.4 to 19.1 times and 6.7 times, respectively 
than those detected in our study (Lebbos et al., 2019). On the contrary, 
the levels of mercury detected in Lebanon’s white bread were much 
lower: by 9.6–12.3 times than those observed in the present research 
(Lebbos et al., 2019). 

The 2nd French TDS showed that the mean concentrations of lead, 
cadmium, and nickel in bread and pasta food groups were 1.70E-02 
and 2.00E-03 mg/kg, 1.93E-02 and 1.14E-02 mg/kg, 9.70E-02 and 
5.00E-02 mg/kg, respectively (ANSES, 2011). Mean concentrations of 
lead and cadmium were higher than those obtained in this research. On 
the contrary, the mean level of nickel detected by the 2nd French TDS 
was two times lower in bread food group compared with the data of our 
study. The concentrations of mercury, varied from not detected (N/D) 
to 5.00E-03 mg/kg in both bread and pasta food groups, which is not 
significantly different as compared with the corresponding results of this 
research. The mean concentration of molybdenum in the same food 

groups were 1.66E-01 and 8.70E-02 mg/kg, respectively, which were 
1.77 times lower than in Armenian bread, and 2.6 times higher than in 
the pasta studied in this pilot study. 

Concentrations of copper were the highest ones among the investi-
gated trace elements in bread and pasta food groups, with the mean 
values 1.34E+00 and 2.19E+00 mg/kg, respectively (ANSES, 2011). As 
compared with the corresponding data of this current study, the Cu 

Table 3 
Daily average consumption (kg/day) of flour-based products by Yerevan’s adult 
population: consumers are grouped in clusters in accordance with K-means 
clustering test.  

Flour-based products Cluster N1 Cluster N2 Cluster N3 

Mean SD Mean SD Mean SD 

White bread 0.101 0.051 0.302 0.073 0.699 0.124 
Lavash 0.043 0.016 0.108 0.019 0.204 0.029 
Pasta 0.028 0.003 0.046 0 0.069 0 
Cookies 0.0085 0.003 0.026 0.005 0.034 0.006 

Note: SD - standard deviation. 

Table 4 
The mean daily intake (DI) of trace elements through the consumption of flour- 
based products in Yerevan, based on the mean figures of consumption.  

Flour-based 
products 

Estimated mean daily consumption of TEs (mg/kg bw/day) 

Pb Cd Hg Ni Mo Cu 

White bread 3.06E- 
05 

1.31E- 
05 

1.93E- 
05 

4.36E- 
04 

2.68E- 
05 

4.24E- 
03 

Lavash 1.87E- 
05 

6.34E- 
06 

1.20E- 
05 

2.69E- 
04 

2.68E- 
04 

1.94E- 
03 

Pasta 5.56E- 
06 

5.09E- 
06 

1.88E- 
05 

1.39E- 
04 

1.24E- 
04 

2.50E- 
03 

Cookies 2.03E- 
05 

7.92E- 
06 

7.15E- 
07 

1.68E- 
04 

7.19E- 
06 

9.92E- 
04 

Overall 
exposure 

7.52E- 
05 

3.24E- 
05 

5.08E- 
05 

1.01E- 
03 

4.26E- 
04 

9.67E- 
03  

Table 5 
The daily intake (DI) of trace elements through the consumption of flour-based 
products by three Clusters of consumers.  

Flour-based 
products 

Daily intake of trace elements (mg/kg bw/day) 

Pb Cd Hg Ni Mo Cu 

White bread 
Cluster N1 2.11E- 

05 
9.00E- 
06 

1.33E- 
05 

3.00E- 
04 

4.55E- 
04 

2.92E- 
03 

Cluster N2 6.33E- 
05 

2.70E- 
05 

4.00E- 
05 

9.00E- 
04 

1.36E- 
03 

8.77E- 
03 

Cluster N3 1.47E- 
04 

6.25E- 
05 

9.26E- 
05 

2.09E- 
03 

3.16E- 
03 

2.03E- 
02 

Lavash 
Cluster N1 1.25E- 

05 
4.23E- 
06 

7.98E- 
06 

1.79E- 
04 

1.79E- 
04 

1.29E- 
03 

Cluster N2 3.11E- 
05 

1.05E- 
05 

1.99E- 
05 

4.47E- 
04 

4.46E- 
04 

3.22E- 
03 

Cluster N3 5.86E- 
05 

1.99E- 
05 

3.75E- 
05 

8.43E- 
04 

8.39E- 
04 

6.07E- 
03 

Pasta 
Cluster N1 6.35E- 

07 
5.81E- 
07 

2.14E- 
06 

1.59E- 
05 

1.42E- 
05 

2.85E- 
04 

Cluster N2 1.06E- 
06 

9.71E- 
07 

3.59E- 
06 

2.66E- 
05 

2.38E- 
05 

4.76E- 
04 

Cluster N3 1.59E- 
06 

1.45E- 
06 

5.36E- 
06 

3.97E- 
05 

3.55E- 
05 

7.12E- 
04 

Cookies 
Cluster N1 5.57E- 

06 
2.17E- 
06 

1.96E- 
07 

4.61E- 
05 

1.97E- 
06 

2.72E- 
04 

Cluster N2 1.64E- 
05 

6.39E- 
06 

5.77E- 
07 

1.36E- 
04 

5.80E- 
06 

8.00E- 
04 

Cluster N3 2.23E- 
05 

8.69E- 
06 

7.85E- 
07 

1.84E- 
04 

7.89E- 
06 

1.09E- 
03  
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content is 1.41 times lower than in Armenian bread, while 3.25 times 
higher in pasta investigated in Yerevan. 

3.2. Consumption of flour-based products 

Data derived from 1272 surveys among Yerevan population shows 
that (24-h recall) 756 respondents (59.4%) consumed white bread 
(mean 0.146 kg), 276 respondents (21.7%) consumed lavash (mean 
0.065 kg), 118 respondents (9.3%) consumed pasta (mean 0.241 kg) and 
118 respondents (9.3%) consumed cookies (mean 0.031 kg). The mean 
represents the average consumption of each studied product among all 
respondents. The percentage of non-consumers derived from the 24-h 
recall data was 40.6%, 78.3%, 90.37% and 90.7% for white bread, 
lavash, pasta and cookies respectively. 

In accordance with K-means clustering test, three clusters were 
determined for consumption of each flour-based products (Table 3). 

Average daily consumption of white bread and lavash ranged 
(Cluster N1 to Cluster N3) from 0.101 to 0.660 kg and 0.043–0.204 kg, 
respectively. Pasta and cookies daily consumption levels were much 
lower, ranging from (Cluster N1 to Cluster N3) 0.028–0.069 kg and 
0.0085–0.034 kg for pasta and cookies, respectively (Table 3). 

3.3. Dietary exposure of trace elements 

Based on the calculated daily intakes and the HBGVs considered, 
concerns for consumer safety were identified for nickel, molybdenum 
and copper, assuming that the values measured in the study are repre-
sentative of daily dietary habits. The data are presented in Tables 4 and 
5. 

The daily intake of lead via consumption of selected flour-based 
products by three Clusters was in the range of 6.35E-07 to 1.47E-04 
mg/kg per day. The mean overall lead exposure was 7.52E-05 mg/kg per 
day. 

The lowest exposure to lead was evaluated by consumption of pasta 
in Cluster N1 and the highest was in Cluster N3 of white bread con-
sumption. Lead and its compounds were classified as probably carci-
nogenic to humans and were listed in Group 2A by International Agency 
for Research on Cancer (IARC, 2006). In addition, EFSA (EFSA, 2010) 
considered that the available data did not allow to set a threshold for 
critical lead-induced effects. In this research, the BMDL10 value 
(6.30E-04 mg/kg bw/day) was used to compare with the estimated daily 
intakes (DIs) of lead. The processed data of mean DI represented a 11.9% 
of the above-mentioned value of the lead daily intake. Even in case of 
high cumulative consumption of selected flour-based products (a 
worst-case high-level consumer with Cluster N3 intake levels for all four 
commodities) the BMDL10 was not exceeded as well: this worst-case 
intake represented 36.4% of BMDL10. This figure is higher than the 
contribution of grain-based products to the overall lead intake in Eu-
ropean Union, estimated at 16.5% (EFSA, 2012b), pointing out that 
dietary lead exposure of high consumers may deserve attention in 
Armenia. 

The cadmium content of flour-based products usually is not consid-
ered high; nevertheless, due to the large consumption by the European 
population, these products have a significant impact on the cadmium 
dietary exposure (EFSA, 2012a). Like lead, cadmium is also considered a 
human carcinogen and was included in Group A by IARC (IRIS, 2012). 
The EFSA defined a tolerable weekly intake (TWI) based on nephro-
toxicity of 2.50E-03 mg/kg per week (EFSA, 2012a), which was con-
verted to a daily intake (3.57E-04 mg/kg bw/day) to compare the 
calculated DIs. 

The estimated dietary exposure of cadmium in Clusters was in the 
range of 5.81E-07 to 6.25E-05 mg/kg per day while a mean overall 
exposure was 3.24E-05 mg/kg per day. The highest and lowest expo-
sures to cadmium were by consumption of white bread in Cluster N3 and 
by consumption of pasta in Cluster N1, respectively, the same as in lead 
exposure; all intake values, were at least one order of magnitude lower 

than the HBGV set by EFSA, the cumulative mean intake being 9.1% of 
the HBGV. Also, the worst-case cumulative exposure corresponded to 
9.25E-05 mg/kg bw/day, largely lower than the reference level. The 
calculated intake values were lower or comparable to the contribution of 
grain products (26.9%) to the cadmium dietary exposure of the EU 
population (EFSA, 2012a). 

The evidence of carcinogenicity for mercury and mercury com-
pounds are inadequate in humans and these substances were included by 
IARC in Group 3 (WHO, 2011). The TWI for inorganic mercury 
(4.00E-03 mg/kg bw/week) established by EFSA (EFSA, 2012d) was 
converted to a daily basis (5.71E-04 mg/kg bw/day), like for cadmium. 

The dietary exposure to inorganic mercury varied from 1.96E-07 to 
9.26E-05 mg/kg bw per day. The highest level of DI to mercury was 
observed in the Cluster N3 of white bread consumption like for lead and 
cadmium. The lowest data was observed in Cluster N1 of cookies con-
sumption. The mean overall exposure was 1.93E-05 mg/kg per day. In 
all cases, including the combined consumption of analyzed flour-based 
products, the DI of inorganic mercury was lower than the HBGV by 
one or more magnitude order. Only the worst-case DI reached 1.36E-04 
mg/kg per day i.e., 23.8% of the HBGV. It should be noted that the 
worst-case exposure from wheat-based foods alone is comparable to the 
overall dietary intake of inorganic mercury in adults (EFSA, 2012d). 
This suggests attention toward the exposure of high-level consumers in 
Armenia. 

According to our data the dietary exposure to nickel in Armenian 
adults provides ground for concern: the calculated mean overall intake 
(1.01E-03 mg/kg per day) was 36.2% the TDI (2.80E-03 mg/kg per day) 
set by EFSA (EFSA, 2015), and the Cluster N3 DI through white bread 
alone (2.09E-03 mg/kg bw/day), was close to the TDI. In addition, the 
BMDL10 value 1.10E-03 mg/kg per day for acute effects (systemic con-
tact dermatitis) (EFSA, 2015) was exceeded by 1.9 times in Cluster N3 of 
white bread consumption, as well as by 36.2% considering the mean 
overall DI; also the mean Ni intake through white bread equaled the 
BMDL10 for acute nickel effects. The highest and lowest levels of expo-
sures for nickel in flour-based product followed the same patterns as for 
lead and cadmium exposure, with white bread providing the largest 
portion of DI. 

Molybdenum is an essential micronutrient for human metabolism at 
trace amounts (EFSA NDA, 2013). There are no relevant data to assess 
the chronic health effects to molybdenum upon oral intake in humans; 
the HBGV has been established on the basis of reproductive toxicity in 
laboratory rodents (EC SCF, 2000; EFSA NDA, 2013). Moreover, the 
soluble forms of molybdenum have greater toxicity than insoluble 
forms, introducing an uncertainty on the risk assessment of total mo-
lybdenum intake (Trumbo et al., 2001). The cereals and cereal-based 
products are the main sources of molybdenum dietary intake (EFSA 
NDA, 2013). 

The EC Scientific Committee on Food (SCF) and EFSA Panel on Di-
etetic Products, Nutrition, and Allergies (NDA) have established AI and 
UL of molybdenum intake for adults as 1.00E-03 mg/kg bw per day 
(EFSA NDA, 2013) and 1.00E-02 mg/kg bw per day (EC SCF, 2000) 
respectively. The dietary intake of molybdenum in this study ranged 
1.97E-06 (cookies Cluster N1) to 3.16E-03 (white bread, Cluster N3) 
mg/kg per day, while the overall mean consumption was 4.26E-04 
mg/kg per day. The calculated mean DI was 42.6% of the AI. The highest 
intake of molybdenum was observed in the Cluster N3 of white bread 
consumption as for lead, cadmium, and mercury and the lowest in 
Cluster N1 of cookies consumption, like for mercury. Even the 
worst-case consumption (4.04E-03 mg/kg per day) which was 4-fold 
higher than AI, was largely below the UL, indicating no concern for 
consumer safety. 

Like molybdenum copper is an essential micronutrient for humans. 
In EU countries the main food group contributing to copper intake for 
adults are grains and grain-based products (for males 27–36% and for 
females 24–42%) (EFSA NDA, 2015). 

The mean DI of copper via consumption of the selected flour-based 
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products (9.67E-03 mg/kg bw per day) was 40.3% of the AI (2.40E-02 
mg/kg bw/day) for adults defined by the EFSA Panel on Dietetic Prod-
ucts, Nutrition, and Allergies (EFSA NDA, 2015). The high cumulative DI 
(2.82E-02 mg/kg bw per day) was higher than the AI by 1.2 times, but, 
was largely below the UL (7.00E-02 mg/kg bw/day) (EC SCF, 2003). 

The estimated daily intakes of investigated TEs as compared with the 
international HBGVs were within safe limits. Nevertheless, the worst- 
case scenario - represented by the sum of the DIs for all third Clusters 
of studied products-indicated a health concern related to dietary expo-
sure to Ni. Noticeably this high-intake (“worst-case”) scenario provided 
intake values higher than the AIs for Mo and Cu, which are essential TEs. 
The highest DI values for all TEs were observed for the Cluster N3 of 
white bread consumption. The lowest DIs of Pb, Cd and Ni was observed 
in the first Cluster of the pasta consumption, while the lowest DIs for Hg, 
Mo and Cu were observed in the first Cluster of cookies consumption. 
Moreover, the mean DIs of TEs for the cumulative consumption of the 
studied products were in the following sequence: Cu > Ni > Mo > Pb >
Hg > Cd. 

According to the 2nd French TDS, bread and dried bread products 
were the second main contributors to lead exposure and first contribu-
tors to cadmium exposure. A stepwise comparison can be made between 
our results and the French TDS (ANSES, 2011). The mean daily intakes 
of lead via consumption of bread and pasta by the French adult popu-
lation were 2.70E-05 and 1.00E-06 mg/kg bw/day, respectively 
(ANSES, 2011) which are 1.13 and 5.56 times lower, respectively, than 
the estimated dietary exposures via consumption of the mentioned 
products in Yerevan. Noticeably, the dietary exposure to nickel esti-
mated by the French TDS was ten-fold lower than the estimate for 
Yerevan’s adult population. 

The mean daily intakes of cadmium through bread and pasta con-
sumption in France were 3.50E-05 and 8.80E-06 mg/kg bw/day, 
respectively, which are not significantly different as compared with the 
results of the present pilot study. A quite similar picture is observed 
when comparing the mean daily intakes of mercury. Conversely, the 
mean daily intakes of copper and molybdenum via the above- 
mentioned food products in France were significantly higher than the 
corresponding intake values obtained for Yerevan. 

The Cameroonian TDS (Gimou et al., 2014) reported that the overall 
mean daily intakes of cadmium, molybdenum, lead, nickel and 
copper via consumption of cereals and cereal products by Yaoundé 
adult population were 1.10E-02, 1.32E-01, 1.50E-02, 8.30E-02 and 
1.05E+00 mg/kg bw/day, respectively, which are significantly higher 
than the corresponding results of our pilot study. 

The aforementioned investigations showed that flour-based products 
are important contributors to the dietary exposure of trace elements; 
nevertheless, for some trace elements intake they are not the primary 
source. Particularly, the highest intake of mercury (as methylmercury) 
was due to the consumption of fish (González et al., 2019; Filippini et al., 
2018b), while for lead and copper intake the primary contributors were 

vegetables (Jitaru et al., 2019; Fillipini et al., 2018a). 
Overall, the findings of this pilot study add new data to the global 

frame of risk assessment of trace elements worldwide. Our findings 
could be particularly relevant to the assessment of plausible health risks 
to the populations from countries of the same area (Georgia, Iran, 
Turkey and Azerbaijan) where, similarly to in Armenia, the flour-based 
products are the staple food items in the population’s diet (AzNS, 2013; 
Loloei et al., 2019; NCDPH/WHO, 2005). To our best knowledge, no risk 
assessment of toxic elements has been carried out till now in the world 
area represented by the Caucasus. 

3.4. The estimation of MOE of selected trace elements 

Even though the intake through grain-based products can only be a 
partial proxy of the total exposure through the diet, we considered 
interesting to calculate the MOE in comparison with available HBGV for 
the selected metals. 

The estimated MOE values for selected trace elements are presented 
in Table 6. All the HBGV of the TEs under investigation already include 
safety factors, either when derived from human data (Cd, Cu, Ni acute, 
Pb) or from animal studies (Hg, Mo, Ni chronic) (see Table 1); consid-
ering that the current investigation is a pilot study, we considered MOEs 
lower than 10 as flags of issues deserving further attention. 

According to the obtained data (Table 6) the magnitude of MOE 
ranged from 1.2 (N2 for BMDL10 of nickel in white bread) to 1566.9 
(Cluster N1 for molybdenum in pasta); in the case of Cluster N3 for 
BMDL10 of nickel in white bread the MOE was exceeded by a factor of 2. 

To summarize, MOE lower than 10 were observed for: lead which 
was lower than the threshold only in white bread Clusters N2 and N3. 
The data obtained for cadmium and inorganic mercury in white bread 
Cluster N3 shows possible health concerns. In the case of nickel (long 
term) when the MOE was calculated TWI/7 the threshold was lower in 
all white bread Clusters, in two Clusters (N2 and N3) of lavash and 
cookies one Cluster (N3). The other outline emerges when the nickel 
short term (BMDL10 was considered) MOE values were calculated. In all 
Clusters of white bread, lavash and cookies the obtained values were 
below 10. The MOE values for molybdenum and copper were lower than 
threshold only in white bread Clusters N2 and N3 like in case of lead. 

As expected, MOE<10 was commonplace for white bread con-
sumption; potential issues were identified for cadmium, mercury and 
nickel in lavash as well as in cookies. Nevertheless, none of the obtained 
TEs MOE data were <10 for pasta consumption. 

4. Conclusion 

This study represents the first attempt to estimate the MOE of TEs via 
consumption of flour-based products among the adult population of 
Yerevan. Overall, the estimated MOE values indicated possible health 
concerns related to dietary exposure to all the investigated TEs in case of 

Table 6 
MOE of selected trace elements.  

Trace element and HBGV Flour-based products 

White bead Lavash Pasta Cookies 

Clusters 

N1 N2 N3 N1 N2 N3 N1 N2 N3 N1 N2 N3 

Pb BMDL10 29.8 9.95 4.3 50.5 20.3 10.7 992.7 593.5 397.1 34.9 20.9 14.0 
Cd TDI* 39.7 13.2 5.7 84.5 33.9 18.0 615.0 367.6 246.0 50.8 30.4 20.3 
Hg TDI 42.9 14.3 6.2 71.6 28.7 15.2 266.6 159.4 106.6 900.4 538.3 360.2 
Ni TDI 9.3 3.1 1.3 15.6 6.3 3.3 176.1 105.3 70.4 18.8 11.2 7.5 

BMDL10 3.7 1.2 0.5 6.1 2.5 1.3 69.2 41.4 27.7 7.4 4.4 2.9 
Mo UL 22.0 7.3 3.2 56.0 22.4 11.9 704.3 421.0 281.7 1566.9 936.7 626.8 
Cu UL 23.9 8.0 3.4 54.2 21.7 11.5 245.8 147.0 98.3 79.6 47.6 31.8 

Note: *-since the figures for Cd and Hg refer to daily intakes, the MOE has been calculated on the basis of TWI/7. The MOE values lower than the threshold (MOE < 10) are in 
bold and underlined. 
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some Clusters of white bread (mainly), lavash and cookies consumption. 
The TEs MOEs was unlikely to be of concern only for pasta consumption. 

Since flour-based commodities are important, but not unique, sour-
ces of the TEs under study, besides the potential concern for Ni our data 
suggest attention to the overall dietary exposure to Pb and Hg in 
Armenia. 

Two limitations should be acknowledged: first, notwithstanding its 
high response rate, the sample population (Yerevan’s adult inhabitants) 
might not be fully representative for the dietary habits of the overall 
Armenian population; second, due to practical restraints, the study did 
not include other important toxic elements (e.g., arsenic). Both limita-
tions pertain to the pilot character of this study, which results will be 
used to address the comprehensive Armenian TDS. 

In conclusion, this pilot study presents significant insights in health 
risk assessment of potentially toxic trace elements via the consumption 
of staple food products; its methods and outcomes will pave the way for 
the Armenian total diet studies. 
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in Yaoundé: the Cameroonian total diet study. Food Addit. Contam. 31 (6), 
1064–1080. https://doi.org/10.1080/19440049.2014.909953. 

Goldhaber, S.B., 2003. Trace element risk assessment: essentiality vs. toxicity. Regul. 
Toxicol. Pharmacol. 38 (2), 232–242. 
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