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Abstract

During the 71st session of the Executive Committee of the Codex Alimentarius
Commission, New Zealand proposed draft Guidelines for risk analysis of chemicals
inadvertently present in food at low levels, noting that regulatory documents do not currently
cover this group of substances. Methodological approaches to detecting and identifying
chemical substances inadvertently present in foodstuffs were proposed In the Russian
Federation. The developed methodological approaches include four stages: analytical
identification of chemical substances; integrated assessment of chemical hazards employing
additional selection criteria followed by the application of a score and summation of points;
categorizing chemical substances with the assignment of potential hazard categories and
final stage - health risk assessment for selected chemicals based on the integrated index. The
presented methodological approaches were tested on the example of canned meat for infant
nutrition consumed in the Russian Federation and the Socialist Republic of Vietnam. N-
nitrosamines were assessed as a priority potentially hazardous inadvertently present
chemical substance in samples of canned meat for infant nutrition for health risk assessment
using methodological approaches developed in the Russian Federation. Assessment of the
health risk to infants when consuming canned meat for infant nutrition containing N-
nitrosamines on the example of products sold in the Russian Federation and the Socialist
Republic of Vietnam revealed no excess hazard quotients (HQ < 1.0) in both territories.
However, the calculation of carcinogenic risks has shown that when canned meat for infants
sold in the Russian Federation from 6 months to 3 years of age is consumed, a carcinogenic
risk may be formed in infants of the corresponding group. This difference between the
Socialist Republic of Vietnam and the Russian Federation is due not only to the difference
in the content of N-nitrosamines in the examined product but also to the greater volume of
canned meat consumption in Russia.
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1. INTRODUCTION

An increasing number of chemical compounds have been recently synthesized and
brought into industrial circulation, which can inadvertently get into food (through packaging,
containers, etc.) and pose a potential health hazard.

During the 71st session of the Executive Committee of the Codex Alimentarius
Commission, New Zealand proposed draft Guidelines for risk analysis of chemicals
inadvertently present in food at low levels, noting that regulatory documents do not currently
cover this group of substances. The unintentional presence of chemicals means accidental
contamination of food not regulated by current national or international safety standards in
food or raw materials [1]. However, clear criteria for selecting these substances in the draft
Guidelines were not proposed. Also, identifying and assessing the potential hazards of
inadvertently present chemicals are necessary for further health risk assessment.

In the Russian Federation, methodological approaches to detecting and identifying
chemical substances inadvertently present in foodstuffs have been proposed as a
development of the provisions outlined in the draft Guidelines. The developed
methodological approaches include four stages: analytical identification of chemical
substances; integrated assessment of chemical hazards employing additional selection
criteria followed by the application of a score and summation of points; categorizing
chemical substances with the assignment of potential hazard categories and final stage —
health risk assessment for selected chemicals based on the integrated index.

The aim of the investigation is the approbation of the methodological approaches by
the example of canned meat for infants available in retail chains in Russia and the Socialist
Republic of Vietnam.

2. MATERIALS AND METHODS

The analytical identification stage can be accomplished by:

- Gas chromatography-mass spectrometry (Gas chromatography-mass spectrometry
for the identification of volatile organic compounds, pesticides, pharmaceuticals, persistent
organic pollutants, et al.);

- Inductively coupled plasma mass spectrometry or atomic emission spectrometry/
optical emission spectroscopy for the identification of metals and other elements;

- Recovery methods, including extraction, over-extraction, solid-phase extraction
methods, affinity column chromatography, concentration, dilution, cineration, rectification,
distillation methods, et al.

According to the results of analytical identification, all chemical substances detected
in food products the content level of which is not regulated by sanitary and epidemiological
requirements are ranked by several criteria. The criteria are the following: frequency of
detection; potential danger; potential natural content, and the possibility of their entry into
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food products and food raw materials in the process of their production. This is necessary to
select the priority inadvertently present chemicals in the health risk assessment.

An inadvertently present chemical detected in a food product is considered potentially
hazardous if it meets the following conditions:

- 90% or higher probability of matching with the mass spectra library with
confirmation, using a standard substance sample;

- The presence of identified potentially hazardous chemicals in at least 50% of samples
of food products or food raw materials of the same type;

- Availability of relevant sources of information on the possibility of developing
adverse effects (non-carcinogenic, carcinogenic, embryotoxic, mutagenic, et al.) or the
ability of the chemical to produce products with higher toxicity than the original substance.

It is advisable to use the toxicological characteristics of the identified substances as
hazard quotients, for example, lethal dose (LD50).

At the stage of integrated assessment, it is proposed to use the following criteria:
toxicological, to a greater extent determining their potential danger depending on the toxicity
class of the substance; the criterion characterizing the possibility of receipt of potentially
hazardous substances at the stages of production and sale of products. These criteria include
the possibility of entry during the preparation of food intended for consumption, migration
from packaging, containers, reservoir, etc., as well as entry into the food product with the
raw material.

In order to identify priority substances, toxicity scores were conducted according to
the classification adopted by the Oxford Handbook of Hazardous Chemicals according to
LD50 for oral intake [2] (Table 1).

Table 1. Score according to the class of toxicity of substances established by LDs value
(rats, intragastric, mg/kg)

LDsg TC Description Score
<1 I Extremely toxic 6
1-50 II Highly toxic 5
50-500 I Moderately toxic 4
500-5,000 v Slightly toxic 3
5,000-15,000 A% Practically non-toxic 2
>15,000 VI Relatively harmless 1

Note: TC - toxicity class

When assessing the priority of inadvertently present chemicals, criteria are used that
take into account the possibility of migration in the preparation of food for consumption or
the formation of new substances in the product during technological exposure (yes - 1 point;
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no - 0 points), the possibility of migration from packaging, containers, reservoir, 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).
For the integrated assessment, the categorization is conducted according to the total
score using Formula 1.
II= n , Where (D)
)y

nl+n4
II - integrated index;

nl...n4 - number of points according to the criteria.
At the categorization stage, depending on the value of the integrated index, the
potential hazard category (PHC) of inadvertently present chemical substances is determined.

These categories are the basis for making decisions on the choice of priority substances to
assess the health risk (Table 2).

Table 2. Potential hazard categories of inadvertently present chemicals for health risk
assessment and potential regulation

PHC Integrated index value Potential hazard characteristics
II <2 Low
II 3-5 Average
I 6-9 High

PHC - potential hazard category.

The inadvertent presence of chemicals with a high potential hazard in food products is
considered a priority for risk assessment. The presented methodological approaches were
tested on the example of canned meat for infant nutrition since this product is intended for
the most sensitive group of the population.

3. RESULTS AND DISCUSSION

At the stage of analytical identification, the inadvertently present chemical substances
in the selected product were determined by gas chromatography-mass spectrometry
(GC/MS) and liquid chromatography-mass spectrometry (LC/MS). As a result, the
identification revealed 20 inadvertently present chemical substances in 15 samples of the
food product under study (Table 3).

At the stage of analytical identification, using the selection criteria (the probability of
mass spectra matching with the library was 90% and the presence of more than 50% of food
samples) allowed us to identify two groups of compounds that meet the selection criteria: N-
nitrosamines and the phthalates group.
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Table 3. Results of identification of unintentional chemical contaminants in 15 samples of
canned meat for infant nutrition

The frequency of
Mass spectrum library
No Substance occurrence in the
matching, %
samples, %

1 N-nitrosodimethylamine 93.3 >90
2 N-nitrosodiethylamine 13.3 >90
3 Dibutyl phthalate 93.3 >90
4 Diethyl phthalate 93.3 >90
P Phenol, 2,4-bis 133 <90
(1,1 - dimethyl ethyl)
6 Furfural 26.6 >90
7 Ethyl thiocyanate 333 <90
8 Acetic acid 26.6 >90
9 Histamine 13.3 <90
10 2-Butenoic acid 67 <90
(E570-crotonic acid)
11 Thymol 6.7 >90
12 Pyridine-4-amine 6.7 >90
13 Hexahydropyridine 6.7 >90
14 Tuaminoheptane 13.3 <90
15 Amiphenazole 6.7 >90
16 Nimorazol 6.7 >90
17 Pentobarbital 6.7 >90
18 Amyl alcohol 6.7 >90
19 Naphthalene 6.7 >90
20 Ethosuximide 6.7 >90

At the integrated assessment stage, using additional criteria for selecting priority
substances for further risk assessment, taking into account the LDso, we calculated the
integrated index and established the category of potential hazards of inadvertently present
chemical substances (Table 4).
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Table 4. Selection of priority potentially hazardous inadvertently present chemical
substances in samples of canned meat for infant nutrition

No

Assessment of the

probability of presence in

the product (score)
s
~
g §§ gy
5 a § e % 3 §‘ Toxicity assessment
N 3 D3 T E 3
ame of cus § §S JSEsE II PHC
element/substance : o¥yg ST =8
s a5 S 288 =
= 3 R RES
£ 5% $§5i%
§ 8% §3:d
3 S A2
NS <,
&
LDsg,
Yes-1 No-0 Reference TC Score
mg/kg
N-nitrosodimethylamine 62-75-9 1 0 1 41 3 II 5 7
N-nitrosodiethylamine 55-18-5 1 0 1 280 4 I 4 6
Dibutyl phthalate 84-74-2 1 1 0 8000 5 v 2 4
Diethyl phthalate 84-66-2 1 1 0 8600 6 \% 2 4

When selecting potentially hazardous inadvertently present chemical substances in
samples of canned meat for infant nutrition for health risk assessment using methodological
approaches developed in the Russian Federation, the study found that according to the PHC,
N-nitrosamines (PHC- 1) posed the highest potential hazard.

A health risk was assessed on the example of N-nitrosamines consumed with canned
meat for infant nutrition sold in the Russian Federation and the Socialist Republic of
Vietnam following the risk assessment methodology developed in Eurasian Economic
Comission countries [7] and harmonized with generally accepted methodology [8].

At the stage of analytical identification, we conducted a quantitative study of the
content of N-nitrosamines in canned meat for infant nutrition available in retail chains in
Russia (20 samples) and the Socialist Republic of Vietnam (8 samples).

The analytical identification of N-nitrosamines was conducted using methods
approved in Russia for determining N-nitrosamines in food products [9], which allow the
determination of N-nitrosamines at low levels (LOD - 0.0002 mg/kg of product).

The results of chemical and analytical identification of N-nitrosamines in canned meat
for infant nutrition are presented in Table 5.
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Table 5. Concentrations of N-nitrosamines (mg/kg) in canned meat for infants produced in
the Russian Federation and the Socialist Republic of Vietnam

Substance Russian Federation Socialist Republic of Vietnam
Concentration ug/kg
DMNA (N-dimethyl- 49+08 0.6+0.1
nitrosamine) ' ' ' .
MENA (N-methyl ethyl- 0.76 +0.12 1.0+0.16
nitrosamine)
DPNA (N-dipropyl- 2.7+048 3.0+0.5
nitrosamine) ' ' . .
DBNA (N-dibuthyl- 15+2.8 55+1
nitrosamine) ' .
PIPNA (N-piperidin- 32406 04+0.07
nitrosamine) ' . . '
PYRNA (N-pirrolidin- 45408 42+0.8
nitrosamine) ' . . .
MORNA (N- . 272.0 £ 50 33.0+6.0
morpholine-nitrosamine)
DPHNA (N-diphenyl- 0.37£0.07 1.3+0.2

nitrosamine)
Note: n/d — not detected.

As a result of the toxicological characterization of the substances identified, the
International Agency for Research on Cancer (IARC) [10] found that one N-nitrosamine was
classified as a probable carcinogen, six as a possible carcinogen, and one as an unclassifiable
carcinogen for humans (Table 6).

Table 6. Classification of carcinogenic hazards of chemical compounds according to IARC

No Compound IARC classification SFo
1 N-methylethyl-nitrosamine (MENA) 2B 22
2 N-dipropyl-nitrosamine (DPNA) 2B 7
3 N-dibuthyl-nitrosamine (DBNA) 2B 54
4  N-piperidin-nitrosamine (PIPNA) 2B 9.4
5  N-pirrolidin-nitrosamine (PYRNA) 2B 2.1
6  N-diphenyl-nitrosamine (DPHNA) 3 0.0049
7 N-morpholine-nitrosamine (MORNA) 2B 6.7
8  N-dimethyl-nitrosamine (DMNA) 2A 0.000008

The non-carcinogenic effects of N-nitrosamines were manifested mainly as liver
dysfunction.
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An analysis of the oral intake reference dose (RfD) data for N-nitrosamines showed
that DMNA, DPHNA, and DPNA had reference values of 0.000006, 0.02, and 0.25 mg/kg,
respectively. Critical organs and systems for the adverse effects of these N-nitrosamines
have been identified in several studies as liver, visual organs, blood, and developmental
processes [11].

In evaluating the exposure of infants to N-nitrosamines from canned meat for infant
nutrition, Vietnamese and Russian researchers conducted a sociological study and found that
the average daily consumption of canned meat varies from 52 to 128 g per day in the Russian
Federation (Table 7) and from 19.8 to 27.1 g per day for children in the Socialist Republic
of Vietnam, depending on age [12] (Figure 1).

Table 7. Average daily consumption of canned meat (grams) by infants aged 6 months to 3

years in the Russian Federation

All types of meat products

Age For the whole period of nutrition (grams)
6-12 months 52
13-24 months 85
25-36 months 128
Average for 2.5 years 88

157.3

Fresh porridge I 53
I 171.0
; : 109,0
Dried porridge —477 69,0
. . 71
Canned food with meat for children  pumm 7673
. 198
33.1
Sausage N 26 24-36 month
34,8 ® 12-24 month
. 48,6
Grilled meat N 338 # 6-12 month
. 30,5
0,0 100,0 200,0 300,0

Figure 1. Average daily consumption of canned meat (grams) by infants aged six months
to 3 years in the Socialist Republic of Vietnam

The specifics of calculating health risks for infants are the short period of consumption
of canned meat and the body weight of infants (Table 8).
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Table 8. The body weight of infants and the consumption volume of canned meat for infant
nutrition in the Russian Federation and the Socialist Republic of Vietnam (SRV),

depending on age

Age, months 6 7 8 9 10 11 12 18 24 30 36  Average for
2.5 years

Body weight

according to 76 8 83 86 89 91 93 106 119 13 14.1 9.9

WHO, kg

Consumption of

canned meatin >0 20 20 20 20 20 20 26 26 27 27 20

the SRV, g/day

Consumption of

canned food in 50 50 50 50 50 50 50 110 110 60 60 64

Russia, g/day

For the period of canned meat consumption (2.5 years), the average daily consumption
of canned meat by infants in the Russian Federation and the Socialist Republic of Vietnam
amounted to 0.064 kg and 0.02 kg per day, respectively.

As a result, lifetime average daily doses (LADD) associated with carcinogenic and
non-carcinogenic effects were calculated. The doses obtained made it possible to assess the
non-carcinogenic and carcinogenic risks due to the intake of N-nitrosamines with canned
meat for infant nutrition.

Hazard quotients for oral intake of N-nitrosamines with canned meat for infant
nutrition are given in Tables 9 - 10.

Table 9. Hazard quotients (non-carcinogenic (HQ) and carcinogenic (CR) for oral intake

of N-nitrosamines with canned meat for infant nutrition in the Socialist Republic of Vietnam
DMNA

MENA DPNA DBNA PIPNA PYRNA  MORNA DPHNA
LADD non- 1.0x107 2.0x107 5.1x107 93 x107 6.7x10% 7.1x107 5.6x10°% 2.2x 107
carcinogenic
LADD 43x10% 8.6x10% 22x107 4.0x107 29x10% 3.0x107 24x10° 9.4 x10%
carcinogenic
HQ 0.013 - 0.000002 - - - 0.00001
CR 22x10% 1.9x10% 1.5x10° 2.1x10° 27x107 64x107 1.6x10° 4.6x1071°

Table 10. Hazard quotients for oral intake of N-nitrosamines with canned meat for infant
nutrition in the Russian Federation

DMNA MENA DPNA  DBNA  PIPNA  PYRNA MORNA DPHNA
LADDnon- = & 106 41x107 1.5x10° 8.1x10° 1.7x10° 24x10° 1.5x10% 2.0 x 107
CarCangenlC

LADD 11x10° 1.8x107 62x107 35x106 74x107 1.0x10° 63 x 105 8.5 x 10°
CarCangenlC

HQ 0.3 _ 0.00001 _ _ _ _ 1.0 x 107
CR 58x10° 3.9x10° 44x10 1.9x10° 7.0x106 22x 106 42x10¢ 4.2 x 10710
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Assessment of the health risk to infants when consuming canned meat for infant
nutrition containing N-nitrosamines on the example of products sold in the Russian
Federation and the Socialist Republic of Vietnam revealed no excess hazard quotients (HQ
< 1.0) in both territories.

However, the calculation of carcinogenic risks has shown that when canned meat for
infants sold in the Russian Federation from 6 months to 3 years of age is consumed, a
carcinogenic risk may be formed in infants of the corresponding group (CR > 1.0 x 107%).

Nevertheless, the risk assessment for N-nitrosamines consumed with canned meat for
infant nutrition have several uncertainty factors. So, consumption of canned meat was
assessed according to sociological study but not statistical data. Doses of consumed N-
nitrosamines were calculated using standard values of body weight and average consumption
data for 2.5 years. Also there were no reference doses for several N-nitrosamines. All these
uncertainty factors can lead to under- or overestimation of risk and should be taken into
account.

4. CONCLUSION

During the approbation of proposed methodological approaches to detecting and
identifying chemical substances inadvertently present in foodstuffs it was found that N-
nitrosamines have the highest potential hazard and they need further health risk assessment.

During the risk assessment by the example of canned meat for infant nutrition retailed
in the Russian Federation and the Socialist Republic of Vietnam it was revealed that there
was no excess hazard quotients in both territories. However, the calculation of carcinogenic
risks has shown that when canned meat for infants retailed in the Russian Federation from 6
months to 3 years of age is consumed, a carcinogenic risk may be formed in infants of the
corresponding group (CR for MORNA was calculated as 4.2 x 10™). The calculation of
carcinogenic risk for canned meat retailed in Socialist Republic of Vietnam has shown the
acceptable risk level (CR < 1.0 x 107%).

This difference between the Socialist Republic of Vietnam and the Russian Federation
is due not only to the difference in the content of N-nitrosamines in the examined product
but also to the greater volume of canned meat consumption in Russia.
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Danh gia nguy co tiém an ctia cac hoa chat khong mong dgi
co trong thuc pham

Suvorov Dmitrii V., Zaitseva Nina V., Shur Pavel Z., Zelenkin Sergey E.
FBSI Federal Scientific Center for Medical and Preventive Health Risk

Management Technologies, Perm, Russia

Tom tit

Trong phién hop 1an thi 71 cta Uy ban diéu hanh Codex Alimentarius Commission,
New Zealand da dé xuat du thao Hudng dan phén tich rai ro héa chat khong mong doi ¢o
trong thuc pham ¢ mirc d6 thap, luu y rang cac van ban quy dinh hién nay khong dé cap dén
nhom chét nay. Phuong phap tiép can dé phat hién va xac dinh cac chit hoa hoc khéng mong
doi c6 trong thyc pham dd duoc nghién ciru & Lién bang Nga. Hudng tiép can cta phuong
phap dugc phat trién bao gé)m bon giai doan: Phan tich xac dinh céac chit hoa hoc; Panh gia
téng hop cac mdi nguy hoa chat st dung cac tiéu chi lwa chon b sung, sau d6 ap dung cho
diém va tong hop diém; Phan loai cac chat hoa hoc véi viée an dinh cac chit co nguy co tiém
an va giai doan cudi ciing - Panh gia rii ro strc khoe d6i véi cac hoa chat dugc Iya chon dya
trén chi s tong hop. Cac phuong phép tiép can phuong phap duoc trinh bay da dugc thir
nghiém trén vi du vé thit hop dé cung cip dinh dudng cho tré so sinh dugc tiéu thu ¢ Lién
bang Nga va Viét Nam. N-nitrosamine duoc danh gia 1a chat hoa hoc c6 kha ning gy nguy
hiém, c6 mit khong mong mudn trong cac mau thit hop dé lam dinh dudng cho tré so sinh
duogc nghién ctru dé danh gia rii ro sirc khoe bang cach sir dung cac phuong phéap luan duoc
phat trién ¢ Lién bang Nga. Danh gia rui ro sirc khoe ddi véi tré so sinh khi tidu thy thit dong
hop dé bo sung dinh dudng cho tré so sinh ¢6 chtra N-nitrosamine trén vi du vé cic san pham
dugc ban ¢ Lién bang Nga va Viét Nam cho thay khong c6 chi s6 nguy co vuot qua (HQ <
1,0) ¢ ca hai nuéc. Tuy nhién, tinh toan rui ro gy ung thu da chi ra rang khi tiéu thu thit
dong hop cho tré so sinh tir 6 thang dén 3 tudi & Lién bang Nga, nguy co gdy ung thu c6 thé
hinh thanh ¢ tré thudc nhom tuong tmg. Su khéc biét nay gitra két qua dénh gia tai Viét Nam
va Lién bang Nga khong chi do sy khac biét vé ham luong N-nitrosamine trong san pham
duoc kiém tra ma con do khéi lugng tiéu thu thit hop 16n hon & Nga.

Tir khéa: nitrosamine, héa chdt vo tinh xudt hién, chdt gdy 6 nhiém, danh gid riii ro.
Note: Tiéu dé va tom tdt tiéng Viét do Ban Bién tdp bién dich véi sw dong y cua tic gid /
The Vietnamese title and abstract is translated by the Editorial Board with the agreement of the
Author.
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