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Abstract

Flour-based products and cereals are one of the most consumed food items in
Armenia. The aim of this study is to conduct Ni risk assessment through the
consumption of flour-based products and cereals. The consumption data of flour-based
products and cereals has been gathered through a 24-hour recall survey, including 1400
adult respondents of the Republic of Armenia. Ni risk assessment has been conducted
through a Margin of Exposure (MOE) approach. Ni contents were analyzed using
atomic absorption spectrometry. The Estimated Daily Intake (EDI) values ranged from
8.63E-06 to 5.55E-04 mg/kg bw per day and did not exceed the threshold. The average
EDI was equal to 1.53E-04 mg/kg bw per day. In all the regions, MOE values were
lower than 30 in case of the intake of bread, lavash, buckwheat, emmer and groat. In
case of pasta intake, the MOEs were lower than 30 only in Armavir and Lori regions,
while in other regions MOEs were slightly above 30. Only for rice, the MOE values
were higher than 30, indicating no possible health risks. Overall, the intake of products
with MOEs lower than 30 may cause health problems and allergies, especially for Ni
sensitized individuals.

Keywords and phrases: nickel, flour-based products, cereals, risk, estimated
daily intake, margin of exposure.
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Cwdwnnunwghp

Wu nwnuduwuphpnipjut uywwnwlu £ wipwihtu htupny detippubph L
hwgwhwwhlubph uwywndwu dhongny quwhwuwnby uplybih wqnbgnieniup,
pwuh np wyn debpputipp jwju uywnnd nwbu <wjwunwund: Upwjhu
htupny dJpbtpputph L hwwpybntup uwwnndu nwnwduwuppbiine hwdwnp
ognwghpdytiy £ 24-dwdjw hbtinjwush dbpnnp <wjwunwuh  swihwhwu
puwysniejwu opowuntd (1400 hwpgynn): Mthuyh quwhwwndp Yuwnwpyby £
ubpwgnbgnigjwtu  uwhdwuh dGennnyd:  ULhyblh  wwpnwynyeyniuubpp
udnpubpnud  npnadbp BU wwindwiht wpunppghntu uwbBYwindGunpny:
Cwodwpyyby Gu upybh qguwhwwnywsd wdbluonw punniudwu wnpdbipubipp,
npnup sGU gbpwquugl)] Enywwnpbih 2tdp: Updbpubpp wwwnwuynd Gu
8.63E-06-hg 5.55E-04 dg/yg u.q./op-h uwhdwuubpnwd: Uhohu wndbpp
Ywqunud £ 1.53E-04 dg/yg d.qg./onp: Pninp dwpgbipnd  hwgh, jwywsoh,
hunjwdwywnh, hwéwph b dwywph nbwpnd ubpwgnbigniyejwu uwhdwuh
30-hg gwép wpdbpubp Gu uwwgyt): Updwdhph W Lnnnt dwpgbipnud
dwlwpnubnbuh uywndwu nbwpnud Ubpwagnbgniejwt uwhdwuh gnigw-
uhoutipp gwdn tiu tintif 30-hg, huYy duwgwd dwpgbipnid gnigwuhubipp thnpp-
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hus gbipwqwugt) tu 30-p: Ppudh uwwnnuwip sh quwhwunynd nhulwhu,
pwuh np unwgyti| tu ubpwanbignipjwu uwhdwuh 30-hg pwpdp wpdbputip:
Lbipwanbignigjwu uwhdwuh 30-hg gwdp wpdbipubip niubignn debppubpp
uywnnudp wnydjw) dwpgbipnd Yupnn £ wnwowgubi| wnnnowywu fuunhpubin,
witipghwubip upybih uwwndwdp qqwniu b witpghy dwpnywug dnwn:

Pwuwih pwnbp b pwnwlwwwlgnipyniuubp. uhyb), wipwhu htupny
drbinpputip, hwwhpytinku, nhuy, quwhwwnywd wdbluonw punniund, ubpwg-
ntgnipjwu uwhdwu:
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AHHOTALUSA

MyuHble W3EMUS W 37aKW  SBISIIOTCS OJHMMH M3 HamOoJiee dacTo
MOTPeOIIEMBIX TPOAYKTOB THTaHHWs B ApMeHuH. llenpio maHHOTO HCCIenOBaHUS
SIBIISICTCSL IPOBEIICHHE OIICHKU PHCKA HUKEIS MPU MOTPEOIICHUU MPOIYKTOB HA OCHOBE
MYKH ¥ 371aKOB. J[aHHBIE 0 TIOTPEOICHUN MPOJYKTOB HA OCHOBE MYKH U 3JIaKOB OBLITH
coOpaHbl B X0J¢ 24-4acOBOr0 OMpoca, B KOTOPOM MpHHIH ydacTre 1400 B3poCibIX
pecnionnentoB PecnyOnuku  Apmenus. Ouenka pucka Ni Oblta mpoBeneHa ¢
HCTIONIb30BaHUEM TIOJX0/a JOMycTUMOro ypoBHs BoszaekcTBus (MOE). Conepkanue
HUKENS aHaJIM3UPOBAIM C TOMOIIBI0 ATOMHO-a0COPOIMOHHON CIIEKTPOMETPHH.
Pacuernoe cyrounoe notpetiienne (EDI) konebanocs ot 8,63E-06 mo 5,55E-04 mr/kr
Macchl TeJa B JICHb U HE MPEBbINIajo moporoporo 3HaueHus. Cpeaauii EDI Obu1 paBen
1,53E-04 mr/kr maccel Tena B cyTkd. Bo Bcex pernonax 3HadeHust MOE Obutu HiKE
30 npu notpebieHnu xaeba, TaBaiia, TPeukH, o0kl U KpyIiel. B ciydae nmotpebieHus
MmakapoHHbiX u3geanii MOE 6pumn Himke 30 Tompko B ApmaBupckoil u Jlopuiickoit
obJyiacTsx, B TO BpeMs Kak B Apyrux pernoHax MOE 6butn HemHoro Bbime 30. Tombko
i puca 3Haderuss MOE Obuti Bhitiie 30, 94TO yKa3bIBaeT Ha OTCYTCTBHE BO3MOXKHBIX
pHUCKOB I 310poBba. B menom motpedienue mpoaykroB ¢ MOE nmxke 30 moxer
BBI3BaTh TPOOJIEMBI CO 370POBBEM M AJUICPTHIO, OCOOCHHO Y JIFOJICH, YyBCTBUTEIBHBIX
K HUKEJTIO.

KiroueBble cJIoBa H CJI0BOCOYETAHHUS: HUKEIb, MPOAYKTHl HA OCHOBE MYKH,
37IaKH, PUCK, TIPEaIoaraeMas CyToqHas J103a, JOIyCTUMBIH yPOBEHb BO3ACHCTBHS

Introduction

Nickel (Ni) is a hard, silvery-white transition metal. It exists in several oxidative
states; however, Ni** is the most prevalent in the environment and biological systems
[4]. Naturally, Ni occurs in the Earth’s crust, combined with oxygen and sulfur. Ni may
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also be emitted from volcanoes and occur in the soil, alone or in combination with
other elements [6, 11].

Ni may end up in foods by being absorbed from the soil into the plant through
roots [16]. Due to its physical and chemical properties, Ni is used as a catalyst in the
chemical and food industry [5]. Therefore, Ni may also be released from food contact
materials, including packaging material, cooking utensils and storage containers [4].

Human exposure to Ni may occur through inhalation, ingestion, or dermal contact.
One of the most common ways of dermal exposure to Ni can occur via coins [9].
However, for humans, ingestion through water and food is the most concerning since
Ni may be a contaminant in drinking water or food [5]. High concentrations of Ni have
been found in wild mushrooms, cocoa and cocoa products, beans, seeds, nuts, and
grains [4].

There is evidence that Ni is an essential nutrient for some microorganisms, plants,
and animal species, but its nutritional value for humans has not been established [5]. Ni
compounds are carcinogenic to humans (Group 1), Ni metal is classified as possibly
carcinogenic to humans (Group 2B) [6]. Besides, Ni can also act as an immunotoxic,
embryotoxic, teratogenic, and allergenic agent [15]. Depending on the dose and length
of exposure, Ni can have both acute and chronic health effects, including contact
dermatitis, cardiovascular disease, asthma, lung fibrosis, and respiratory tract cancer
[10].

Several investigations have been conducted in Armenia showing that Ni can have
various health risks, including carcinogenic risk. Particularly, in the regions of Syunik
and Shirak, carcinogenic risk of Ni has been identified via consumption of honey,
while in the Alaverdi region, the Estimated Daily Intake (EDI) of Ni exceeded the
Tolerable Daily Intake (TDI) in case of fruit and vegetable consumption [12, 14].
Besides these food products, concerns for consumer safety were identified in the case
of dietary exposure to Ni via consumption of flour-based products. In particular, the
estimated mean Ni intake made 36.2% of the TDI among the population of Yerevan,
Armenia. According to the obtained data Margin of Exposure (MOE) lower than 10
were observed for Ni in all white bread Clusters, in two Clusters (N2 and N3) of lavash
and cookies one Cluster (N3) [13].

Flour-based products and cereals substantially contribute to the diet of Armenians
[13]. According to the Statistical Committee of the Republic of Armenia, the average
daily intake of bread and bread products in the country is estimated at 461.1 g per
capita [17]. Taking into consideration the importance of flour-based products and
cereals in the Armenian diet, as well as the absence of prior investigation on Ni risk
assessment in the whole country, this study aims to assess the exposure to Ni and the
related human health risks, via consumption of the main flour-based products and
cereals (white bread, lavash, pasta, and waffles and cookies, rice, buckwheat, emmer,
groat) among the adult Armenian population. The work has been carried out in the
frame of “20TTCG-4A001, Strengthening Scientific and Methodological Capacity for
Assessing Food Security and Nutrients” program.

Material and Methods

Food selection, sampling, and analysis

The selection of flour-based products and cereals was based on the frequency and
consumption amount (daily consumption of more than 1 gram was considered) of each
product. The most widely consumed products were ‘Bread’, ‘Lavash’, ‘Pasta’
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(including macaroni, vermicelli, spaghetti), ‘Waffles and cookies’, ‘Rice’,
‘Buckwheat’, ‘Emmer and groat’. Overall, the list consisted of 10 core food products.
Each food corresponded to a pooled sample composed of 8 different foods, selected
according to market share, processing, and origin. Sampling was performed between
November 2018 and July 2019. The food items were bought at supermarkets, markets,
and food vendors, selected to cover all the major retailers in Armenia. Ni contents were
analyzed using atomic absorption spectrometry. Sampling procedures were done based
on the Total Diet Study (TDS) Methodology and on the standard operational
procedures (SOPs) developed by the staff of the Center for Ecological-Noosphere
Studies NAS RA (CENS) [13, 3, 7].

Consumption data and analysis

The 24-h recall method was used to obtain data for flour-based food and cereals
consumption by Armenia’s adult population (18-80 years old and above). The data
collection period was from February to September 2021. The information was
collected via face-to-face and telephone interviews, using pre-designed forms.

Overall, 1400 residents of Armenia were interviewed. This survey included all the
regions of Armenia: Armavir, Ararat, Aragatsotn, Gegharkunik, Kotayk, Lori, Shirak,
Syunik, Tavush, Vayots Dzor, and Yerevan. To obtain more accurate and
representative data, survey participants were chosen from 12 administrative districts of
Yerevan, with equal access.

SPSS software (IBM SPSS, v.22) was used for data entry and statistical analysis.

Exposure assessment and risk characterization
EDI of flour-based products and cereals was assessed with the following formula:
CXxXIR

EDI =
BW

where C is the mean concentration of contaminant (mg/kg), IR is the rate of ingestion
of food (g/day), BW is the body weight (kg) (mean body weights for males and
females in studied regions were 77.5 and 66.1 kg, respectively).

For risk assessment MOE method was used. Risk assessors utilize the MOE to
characterize the risk of exposure to genotoxic and carcinogenic chemicals that may be
found in food or feed [2].

In this study MOE for Ni was calculated using the following equation:
HBGV

MOE = ———
EDI
where HBGV is the up-to-date health-based guidance value of Ni, EDI is the daily
intake of Ni via consumption of flour-based products.

For the chronic risk assessment, the critical effect of the increased incidence of
post-implantation loss in rats observed in the one- and two-generation studies has been
established for a TDI of 13ug/kg bw [4]. For the acute risk assessment, the critical
effect is eczematous flare-up reactions in the skin elicited in nickel-sensitized humans
after oral exposure. In the absence of a no-observed-adverse-effect-level (NOAEL), a
lowest-observed-adverse-effect-level (LOAEL) of 4.3ug Ni/kg bw was used [4]. A
MOE of 30 or higher would be indicative of a low health concern, MOE values lower
than 30 raise a health concern for nickel-sensitized individuals, who already suffer
from systemic contact dermatitis (SCD) [4].
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Results and Discussion

Contents of Ni in flour-based products

The detected Ni contents are presented in Figure 1. The contents ranged from
0.0238 to 0.4286 mg/kg, with a mean of 0.2011mg/kg.
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Fig.1. Ni contents (mg/kg) in flour-based products (a) and cereals (b)

To make a comparison with the study results of other countries, it can be
highlighted that Ni mean content in rice samples collected from Jhenaidah and Kushtia
districts of Bangladesh is 4.47 £ 2.56 mg/kg bw day [8]. This content is remarkably
higher than the one obtained in the present study (0.0238 mg/kg). In Turkey, the
average Ni level of all bread types all of which belong to different brands and
businesses were determined as 0.38 + 0.32 mg/kg (380 + 320 pg/kg) [1]. Compared to
the results of the current study, this value exceeds the EDI of bread (0.1940 mg/kg) and
lavash (0.2691 mg/kg).

EDI and MOE of Ni

Chronic daily intake values have been estimated for each region (Table 1 and 2).
The EDI values range from 8.63E-06 to 5.55E-04 mg/kg bw per day, with a mean of
1.53E-04 mg/kg bw per day. The lowest value (8.63E-06 mg/kg bw per day) has been
obtained in case of rice consumption in Aragatsotn region. The highest value (5.55E-04
mg/kg bw per day) has been estimated in case of bread consumption in Kotayk region.
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Compared to the TDI of 13 pg/kg bw, established by European Food Safety Authority
(EFSA), none of the EDI values exceed the threshold.

Table 1. EDI of Ni in all regions of Armenia for flour-based products

EDI, mg/kg bw per day
Regions
’ Bread Lavash Pasta Waffleg and
cookies
Yerevan 3.49E-04 2.54E-04 2.71E-05 5.72E-05
Aragatsotn 4.11E-04 2.70E-04 2.73E-05 2.39E-05
Ararat 3.26E-04 3.57E-04 2.99E-05 3.64E-05
Armavir 3.65E-04 2.85E-04 3.29E-05 4.36E-05
Gegharkunik 4.28E-04 3.39E-04 2.81E-05 3.22E-05
Lori 3.51E-04 2.31E-04 3.43E-05 2.69E-05
Kotayk 5.55E-04 2.74E-04 2.97E-05 3.68E-05
Shirak 3.90E-04 3.11E-04 2.78E-05 5.25E-05
Syunik 4.45E-04 3.15E-04 2.65E-05 3.14E-05
VayotsDzor 4.89E-04 3.52E-04 2.94E-05 0.00E+00
Tavush 3.58E-04 2.17E-04 2.95E-05 4.16E-05
MEAN 3.88E-04 2.82E-04 2.87E-05 4.68E-05
Table 2. EDI of Ni in all regions of Armenia for cereals
EDI, mg/kg bw per day
Regions
Rice Buckwheat Emmer and Groat

Yerevan 1.27E-05 2.37E-04 1.53E-05
Aragatsotn 8.63E-06 2.18E-04 1.21E-05
Ararat 1.23E-05 2.19E-04 1.34E-05
Armavir 1.89E-05 2.46E-04 1.61E-05
Gegharkunik 9.63E-06 2.24E-04 1.42E-05
Lori 1.43E-05 2.28E-04 1.31E-05
Kotayk 1.32E-05 2.60E-04 1.57E-05
Shirak 1.32E-05 2.66E-04 1.40E-05
Syunik 1.34E-05 2.35E-04 1.31E-05
VayotsDzor 1.24E-05 2.42E-04 1.48E-05
Tavush 0.00E+00 3.27E-04 0.00E+00
MEAN 1.27E-05 2.43E-04 1.48E-05

The EDI values of Ni through the intake of flour-based products and cereals
have also been estimated for each gender and are presented in Figure 2. Among female
consumers, the highest EDI value was equal to 3.79E-04 mg/kg bw per day in case of
bread consumption, while the lowest EDI value was equal to 1.29E-05 mg/kg bw per
day in case of rice consumption. A similar picture was obtained for males. Both the
highest (3.79E-04 mg/kg bw per day) and lowest (1.29E-05 mg/kg bw per day) EDI
values were obtained in case of the intake of rice and bread, respectively.
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(b)
Fig.2. EDI of Ni for man and female for flour-based products (a) and cereals (b)

For acute risk assessment, MOE has been calculated and is represented in Table
3 and 4. As indicated, the magnitude of MOE ranged from 3.76 to 142.33. MOEs lower
than 30 have been calculated in all the regions for the following products: ‘bread’,
‘lavash’, ‘buckwheat’, and ‘emmer and groat’. For ‘waffles and cookies’ MOEs lower
than 30 have been obtained only in Yerevan, Armavir, Shirak, and Tavush. In case of
pasta intake, the MOEs were lower than 30 only in Armavir and Lori regions, while in
other regions MOEs were slightly above 30 (31.22 - 35.24). Only for rice, the MOE
values were substantially higher than 30 in all the regions, indicating no possible health
risks.
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Table 3. MOE of Ni in all regions of Armenia for flour-based products

MOE
eglons Bread Lavash Pasta Waﬁle§ and

cookies
Yerevan 12.31 16.94 34.55 21.49
Aragatsotn 10.46 15.95 34.24 51.43
Avrarat 13.20 12.04 31.22 33.74
Armavir 11.78 15.08 28.42 28.16
Gegharkunik 10.05 12.68 33.23 38.19
Lori 12.25 18.61 27.27 45.60
Kotayk 7.75 15.67 31.49 33.36
Shirak 11.03 13.82 33.57 23.41
Syunik 9.65 13.66 35.24 39.10
VayotsDzor 8.79 12.23 31.80 -
Tavush 12.00 19.83 31.72 29.55
MEAN 11.08 15.23 32.52 26.23

Note’ — ' Consumption of this product is absent in the given region due to the limited

number of consumers.

Table 4. MOE of Ni in all regions of Armenia for cereals

MOE
Regions ]
Rice Buckwheat Emmer and Groat

Yerevan 96.65 5.18 20.04
Aragatsotn 142.33 5.64 25.29
Avrarat 100.13 5.61 22.97
Armavir 65.17 5.00 19.13
Gegharkunik 127.53 5.50 21.68
Lori 85.69 5.39 23.40
Kotayk 93.11 4,72 19.54
Shirak 93.04 4.62 21.93
Syunik 91.68 5.22 23.43
VayotsDzor 99.06 5.08 20.73
Tavush - 3.76 -
MEAN 96.40 5.06 20.76

Note’ — ' Consumption of this product is absent in the given region due to the limited

number of consumers.
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Fig. 3 includes MOE values calculated for each product and gender. The MOE
values range from 4.67 to 96.86, with a mean of 29.55. Both for males and females,
MOE values lower than 30 have been obtained in case of the intake of ‘bread’,
‘lavash’, ‘groat and emmer’, and ‘waffles and cookies’.

(b)
Fig. 3. MOE for male and female for flour-based products (a) and cereals (b)

For the remaining food products, the calculated MOE values were within the
acceptable threshold (> 30). It is noteworthy that, in the case of the EDI, the highest
value has been obtained for bread, meanwhile, in case of the MOE, the highest possible
risk has been obtained for buckwheat.

Conclusion

In Armenia, flour-based products and cereals are characterized with a frequent
consumption; particularly bread and lavash are consumed daily. Therefore, these
products have an essential contribution to the intake of Ni in Armenia. This study
presents the results of the risk assessment of Ni via consumption of flour-based
products and cereals among the adult population of Armenia using a MOE approach.

For all the studied products, none of the EDI values of Ni exceed the TDI.
However, in all the regions of Armenia, MOEs lower than 30 have been obtained for
‘bread’, ‘lavash’, ‘buckwheat’, and ‘emmer and groat’. In case of pasta intake, the
MOEs were lower than 30 only in Armavir and Lori regions. For ‘waffles and cookies’
MOEs lower than 30 have been obtained only in Yerevan, Armavir, Shirak, and
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Tavush. These values of MOE are indicative of a plausible health risk for Ni sensitized
individuals who suffer from systemic contact dermatitis. Only for rice, the MOE values
were substantially higher than 30 in all the regions, indicating no possible health risks.

Considering that health risks may arise not only through the consumption of Ni

contaminated products, but also via the intake of other products contaminated with Ni
or other toxic elements, it is suggested to include other toxic heavy metals or trace
elements as well as other commonly consumed food items for future investigations.
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