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Abstract

Chemicals that are not subject to hygienic standards and yet are found in rice can be
classified as unintentionally present chemicals in food products. However, these chemicals
can pose a potential health hazard, which requires an assessment of the risk they represent.
For this purpose, it is necessary to select priority potentially dangerous unintentionally
present chemicals in rice. The study included five samples of rice from Cambodia, India,
and Russia. Chemical element content studies were conducted on Agilent 7900 mass
spectrometer (Agilent Technologies, Japan/Singapore) with an octopole collision/reaction
cell (ORS) using the semi-quantitative analysis program for the mass spectrometer. The
selection of priority unintentionally present chemical contaminants in rice was conducted in
three stages. The researchers applied specific criteria to include chemicals in the further
assessment at each stage. As a result of the evaluation of the selection of priority
unintentionally present chemicals contained in rice sold through retail chains, a potential
hazard category (PHC) was established, i.e., an integral characteristic of the potential hazard
of an unintentionally present chemical contained in a food product, covering the possibility
of ingestion of a specific chemical and its toxicity. Thus, in accordance with the PHC,
aluminum was identified as priority potentially hazardous chemical contained in rice for
further risk assessment since it corresponded to category I of the potential hazard.
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1. INTRODUCTION

One of the priorities of the global concept of food security and nutrition for the period
up to 2030 is to ensure food safety in relation to chemical pollution [1]. Currently, the content
of many hazardous chemicals in food products is controlled using state regulatory
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instruments [2]. The state regulation means developing of hygienic standards for the content
of hazard chemicals in food. However, the improvement of analytical methods and testing
technologies makes it possible to detect many chemicals in food products, including in very
low concentrations. At the same time, among the identified chemicals, some may be
unintentionally (including naturally) present in the food product and may pose a danger to
human health. The presence of these chemicals in food products may be due to the
peculiarities of the production of raw materials, transportation, packaging, and, in fact, the
manufacturing of these products [3-4].

In this regard, to ensure food security with respect to the content of unintentionally
present chemicals, it is advisable to conduct a health risk assessment and consider the need
for hygienic regulation. For this purpose, it is necessary to select priority potentially
dangerous unintentionally present chemicals.

The purpose of the study was to select priority unintentionally present chemical
contaminants, using the example of rice sold through retail chains to assess the health risk
further.

2. MATERIALS AND METHODS

The object of the study on the content of unintentionally present chemical
contaminants in food products was rice sold through retail chains in the Russian Federation.
The study examined five samples of popular brands of rice available in retail chains: sample
4 of round-grain rice grown in Cambodia, sample 5 represents steamed rice from India, and
other samples were from the Russian Federation. The chemicals classified as unintentionally
present served as the subject of the study.

The authors conducted hazard identification of unintentionally present chemicals in
rice in 3 stages: chemical and analytical identification of unintentionally present chemicals;
integrated hazard assessment of chemicals using selection criteria, followed by the use of
scoring and summation of points, and the final stage of categorization of chemicals with the
assignment of the potential hazard categories for further assessment of health risk based on
the integral index.

At the chemical and analytical identification stage, the inclusion of chemicals for an
integrated hazard assessment was conducted by their presence in more than 50% of rice
samples.

Rice samples were crushed to fine powder in TSM6A017C system (BOSCH,
Slovenia). When preparing solutions and samples, we used extra pure HNO; (Sigma -
Aldrich, USA). To purify hydrochloric acid (GOST 3118-77) we used Savillex distillation
system (USA), model DST - 1000. We used deionized water with resistivity 18.2 Mega-
ohm-cm purified in Milli-Q Integral system (Millipore SAS, France).
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Preparation of rice samples was carried out by acid mineralization in a microwave
system SW-4 (Berghof, Germany). We added a 0.5 g sample of rice to Teflon autoclaves (or
quartz inserts) of the microwave sample preparation system, where 6.5 mL of concentrated
HNO:s3 and 0.5 mL of concentrated HCI were injected with a pipette. The samples were left
open for 80 - 90 min. The autoclaves with the added sample were closed and placed in the
microwave sample preparation system. Sample decomposition in the microwave system
proceeded at 120°C for 10 min, then at 170°C for 5 min at 40 bar. When cooled to room
temperature, the obtained solution was transferred into a 15 mL plastic tube. Prior to
measurements, we added to the tubes of the automatic sampler 0.5 mL of the sample and
0.05 mL of the complex solution of the internal standard with a mass concentration of 100
ng/dm? of reference elements, 0.05 mL of the internal standard with a mass concentration of
100 pg/dm?® of rhodium and 4.4 mL of deionized water. The chemical elements content
studies were conducted on Agilent 7900 mass spectrometer (Agilent Technologies,
Japan/Singapore) with an octopole collision/reaction cell (ORS) using the semi-quantitative
analysis program for the mass spectrometer. The results are presented in Table 3 as the
arithmetic mean of the four measurements.

The accuracy of the results was confirmed by the analysis of solutions with the
certified content of the determined chemicals. The certified reference material of rice flour
SRM 1568b (NIST USA) was used as a standard sample. The obtained mass concentration
values for 22 elements corresponded to the certified values.

The concentrations of chemicals classified as naturally present in the food product, in
turn, should be compared with the average values of natural levels of their content in rice
(based on literature data) to avoid an overestimation of their potential danger. If it does not
exceed the values set for the food product, it is advisable to exclude it from the integral
assessment and categorization.

At the stage of the integral assessment, the prioritization of hazardous unintentionally
present chemicals found in rice was conducted based on an integral index, which was
calculated using scoring according to the toxicity criterion, which largely determines their
potential danger. In addition, when calculating the integral index, the authors applied the
criteria that characterized the possibility of the intake of potentially hazardous chemicals
during the manufacturing and sale of products.

The scoring was conducted by the toxicity class of the chemical adopted in the Oxford
"Handbook of Hazardous Chemicals" according to LDso when administered orally [5] (Table

1.
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Table 1. The score depending on the toxicity class of chemicals established by the LDs

value (rats, intragastric, mg/kg).

LDsy C Description Point
<1 I Highly toxic 6
1-50 11 Highly toxic 5
50-500 111 Moderately toxic 4
500 - 5,000 1A% Low-toxic 3
5,000 - 15,000 \Y Almost non-toxic 2
> 15,000 VI Relatively harmless 1

TC - toxicity class

Toxicity data (LDso value) were obtained using relevant information sources, such as
PubMed, PubChem, and US EPA databases.

When assessing the priority of unintentionally present chemical chemicals, the authors
used additional criteria that take into account the possibility of migration during the
preparation of food for consumption (yes - 1 point; no - 0 points), the possibility of migration
from packaging, containers, storage tanks, etc. (yes - 1 point; no - 0 points), the likelihood
of their entry into the food product with the raw material (yes - 1 point; no - 0 points).

The result of the integral evaluation stage is the development of an integral indicator
by formula 1. The maximum value of this indicator in accordance with the proposed criteria
was 9 points.

=24 1+ n4, where (1)
II is an integral index;

nl...n4 - the number of points according to the criteria.

At the categorization stage, depending on the value of the integral index, a Potential
Hazard Category (PHC) of unintentionally present chemicals was determined, i.e., an
integral characteristic of the potential hazard of a chemical contained in a food product,
covering the possibility of a particular chemical and its toxicity. PHC is the basis for making
decisions on the selection of priority chemicals to assess the health risk and their possible
regulation (Table 2).

Table 2. Categories of potential hazards of unintentionally present chemicals for health

risk assessment and possible regulation

Characteristics of potential

PHC Integral index value
hazard
111 <2 Low
II 3-5 Medium
I 6-9 High
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Under the PHC, category III included chemicals that did not require risk assessment
and subsequent regulation. Category Il (medium) included chemicals, the potential hazard
of which required confirmation by additional studies. Category I (high) included chemicals

requiring risk assessment and possible regulation.

3. RESULTS AND DISCUSSIONS

Certain researchers [6-7] in studies of the chemical composition of rice identified
chemicals that do not have developed hygienic standards and thus can be classified as
unintentionally present.

According to chemical and analytical identification, 36 chemicals were found in rice
sold through retail chains (Table 3), two of which were excluded from further evaluation
since their occurrence in the samples was lower than 50% (Figure 1).

Table 3. Concentrations of chemicals in samples of rice sold through retail chains, mg/kg

. Concentrations in rice samples Frequency of
No Chemicals
2 3 4 5 occurrence, %
1 Li undefined undefined 0,0050 0,0347 0,0745 60
2 To 1.52 1.76 1.08 1.83 5.51 100
3 Na 2091  undefined 1.55 3.21 123.78 80
4 Mg 329.13 194.56 43431 506.26  309.11 100
5 Al 2.11 0.41 2.14 1.26 4.66 100
6 Si 9.25 18.15 6.75 8.21 15.50 100
7 P 840.43 0.86 1189.26 1455.11 1304.39 100
8 S 2794.00 452526 3014.89 3279.77 3291.62 100
9 1090.26  905.80  1436.66 1780.96 2368.62 100
10 Ca 9.51 7.05 7.69 10.08 5.22 100
11 Ti undefined undefined 0.0060  0.0015 0.0301 60
12 \Y 0.0054 0.0020  undefined 0.0032  0.0060 80
13 Cr undefined undefined undefined undefined 0.0972 20
14 Mn 20.32 8.72 15.71 16.02 4.05 100
15 Fe 6.29 10.37 6.20 6.72 12.17 100
16 Co 0.0039 0.0208 0.0069  0.0067  0.0749 100
17 Ni 0.051 0.152 0.062 0.070 0.678 100
18 Cu 2.95 1.50 2.70 2.53 4.46 100
19 Zn 11.37 13.40 12.23 9.61 5.64 100
20 As 0.175 0.124 0.183 0.132 0.091 100
21 Se 0.0239  undefined 0.0035 0.0003 0.0900 80
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. Concentrations in rice samples Frequency of

No Chemicals
2 3 4 5 occurrence, %

22 Br 0.631  undefined 0.118 0.147 18.733 80
23 Sr 0.185 0.141 0.218 0.212 0.335 100
24 Mo 0.341 0.455 0.405 0.403 0.472 100
25 Ag 0.0018 0.0015 0.0025  0.0013 0.0022 100
26 Sn undefined undefined 0.0050  0.0025 0.0120 60
27 Sb 0.00045 0.00108 0.00072 0.00050 undefined 80
28 Ba 0.045 0.085 0.075 0.052 0.142 100
29 W 0.00044  0.00001  0.00057 0.00013 0.00085 100
30 Pt undefined 0.00001 wundefined 0.00013 undefined 40
31 Au 0.00002  0.00020  0.00001 0.00001 0.00001 100
32 Hg 0.00249  0.00150 0.00214 0.00322 0.00343 100
33 Cd 0.0062 0.0192 0.0061 0.0076 0.008 100
34 Hg 0.0025 0.0015 0.0021 0.0032  0.0034 100
35 Pb undefined undefined undefined undefined undefined 0

*undefined - the chemical was not detected

Frequency of occurrence, %
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Figure 1. Frequency of occurrence of chemicals in samples of rice sold through retail

chains, % (the chemicals below the line are excluded from the assessment)

The content of arsenic, cadmium, mercury in all samples of rice did not exceed the
maximum permissible concentrations permitted in the Russian Federation according to the
Technical Regulation of the Custom Union No. 021-2011 “About food safety” (arsenic (As)
- 0.2 mg/kg; mercury (Hg) - 0.03 mg/kg; cadmium (Cd) - 0.1 mg/kg). The chemicals that
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were regulated by the hygienic standards and corresponded to them were also excluded from
the study.

The obtained concentrations of chemicals were compared with the average values of
their natural content in rice, which made it possible to include in the assessment of potential
hazard chemicals whose actual content exceeded the average content was established
according to literature data, in this product (Table 4) [8].

Table 4. Actual and average content (according to literature data) of naturally present

chemical chemicals in rice samples

The name of a naturally

The average actual

The average content in

No L. content in rice samples rice according to
present chemical in rice
(mg/kg) literature data (mg/kg)
1 K 1,516.5 3,140
2 Ca 7.9 400
3 Si 11.6 12,400
4 Mg 354.7 1,160
5 Na 29.9 300
6 S 3,381.1 600
7 P 958.0 3,200
8 B 23 0.2
9 A% 0.003 0.4
10 Fe 8.4 21
11 Co 0.02 0.07
12 Mn 12.9 36.3
13 Cu 2.8 5.6
14 Mo 0.4 0.3
15 Ni 0.2 0.5
16 Se 0.02 0.2
17 Zn 10.5 18

According to the comparison results, three chemicals (sulfur, bromine, and
molybdenum) exceeded their natural content in rice. Consequently, 13 chemicals were
included to obtain an integral indicator to establish the priority of unintentionally present
chemicals contained in rice.

As a result of evaluating the probability criteria for the presence of detectable
chemicals in rice and the level of toxicity (LDso), the authors of the study calculated an
integral index and established the categories of the potential hazard of unintentionally

present chemicals for health risk assessment (Table 5).
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Table 5. Results of the selection of unintentionally present hazardous chemicals contained in

rice, taking into account the category of the potential hazard for further health risk assessment.

Assessment of the probability of presence
Toxicity assessment
in the product (points) (Yes — 1 No — 0)

Name of The The probability
No the CAS o pr 01{”””’:0’ of migr a.tion of Integral e
i Migration of migration chemicals LDss index
chemical to raw from during the mg/k;r Reference TC Points

materials  packaging, preparation of a
containers, food product for

etc. consumption

1 Al 7429-90-5 1 1 1 2000 [9] v 3 6 I

2 Ag 7440-22-4 1 0 0 280 [10] 1 4 5 II
3 Ba 7440-39-3 1 0 0 300 [11] m 4 5 11
4 Li 7439-95-2 1 0 0 1165 [12] v 3 4 II
5 Ti 7440-32-6 1 0 0 1200 [13] v 3 4 II
6 Br 7726-95-6 1 0 0 1750 [14] v 3 4 11
7 Sn 7440-31-5 1 0 1 2000 [15] v 3 5 11
8 Mo 7439-98-7 1 0 0 2000 [16] v 3 4 11
9 Sb 7440-36-0 1 0 0 2000 [17] v 3 4 II
10 W 7440-33-7 1 0 0 2000 [18] v 3 4 II
11 Sr 7440-24-6 1 0 0 2350 [19] v 3 4 I
12 S 7704-34-9 1 0 0 n/a - 0 1 1
13 Au 7440-57-5 1 0 0 n/a - 0 1 1

Thus, in accordance with the potential hazard category of unintentionally present
chemicals, further health risk assessment included chemicals belonging to category I

(mercury, arsenic, and aluminum).

4. CONCLUSION

As part of a systematic approach, the study involved the identification of the hazards
of unintentionally present chemicals in rice in 3 stages. At each stage, the authors applied
the criteria for the inclusion of chemicals in the further assessment. Therefore, at the
chemical and analytical identification stage, 29 out of 36 chemicals were included for further
evaluation. At the stage of establishing an integral index based on a criterion assessment, 15
chemicals were included in the final assessment. At the final stage, as a result of the
evaluation of the selection of priority unintentionally present chemicals contained in rice
sold through retail chains, a category of potential hazard was established. Aluminum, in
accordance with the PHC, was assigned to category I (high potential hazard). As a result of
the selection of priority potentially dangerous unintentionally present chemicals in rice,
aluminum requires further assessment of the risk to public health with a view to possible
regulation.
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Lua chon miic dé uu tién su ton tai clia hoa chat 6 nhiém ngau nhién cé mat
trong cac mau gao han Ié ¢ Lién bang Nga

Zaitseva Nina Vladimirovna, Shur Pavel Zalmanovich,

Suvorov Dmitry Vladimirovich, Zelenkin Sergey Evgenjevich,
Nedoshitova Anna Vladimirovna, Stenno Elena Vjacheslavovna
Trung tam Khoa hoc lién bang vé Cong nghé Quan 1y nguy co doi véi

Stec khoe va Y hoc dw phong, Perm, Lién bang Nga

Tom tit

Nhirng hoéa chat chua dugc nhéc t6i trong cac quy dinh vé sinh dugc tim thdy trong
gao ¢ thé dugc xép vao nhom hoéa chit ngau nhién c¢6 mit trong thyc pham. Tuy nhién,
nhirng héa chét nay tiém an mdi nguy hiém cho strc khoe, didu nay can phai c6 danh gia mirc
d6 rai ro clia su c6 mat cac hoa chat trén.Vi vdy, can ¢ su lya chon wu tién cac hoa cht
ngiu nhién c6 mit trong gao dua trén nguy co tiém an cta chung. Nghién ciru bao gdm nam
méu gao tir Campuchia, An Do, va Nga. Cac nghién ctru vé ham lugng cac nguyén té hoa
hoc duoc thuc hién trén thiét bi khoi phé Agilent 7900 Agilent Technologies,
Japan/Singapore) v6i budng phan tng tam cyc (ORS) va chuong trinh phan tich ban dinh
luong cho thiét bi khdi phé. Viéc lua chon wu tién cac hoa chét ngau nhién c6 mit trong gao
duogc thuc hién trong ba giai doan. Nhom nghién ctru da ap dung céc ti€u chi cu thé dé dua
céc hoa chit vao danh gia thém o mdi giai doan. Két qua cua viéc danh gia sy lwa chon uu
tién cac hoéa chat ngiu nhién c6 mit trong cac mau gao ban 1¢ cho thdy mot loai mdi nguy
tiém 4n (PHC) da duoc thiét 1ap. Ttc 14, mot ddc diém tong hop ciia mbi nguy ctia mot hoa
chit ngau nhién c6 mit trong thuc pham, bao gdm kha ning nudt phai mot héa chét cu thé
va doc tinh cta né. Do d6, theo PHC, nhom dugc xac dinh 13 hoa chat nguy hiém tiém an
chira trong gao uu tién dé danh gia riii ro thém vi nd tuong tmg véi loai I ciia mdi nguy tiém
an.

Tir khéa: héa chat, nguy co, chi sé tich hop, danh muc, ddnh gid rii ro.
* Ghi chii/Note: Tiéu dé va tom tat tiéng Viét do Ban Bién tap bién dich véi sy dong

y cua tac gid / The Vietnamese title and abstract is translated by the Editorial Board with
the agreement of the Author.
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