Health risk assessment when giving grounds for hygienic criteria of food products safety

UDC 613.2
DOI: 10.21668/health.risk/2018.4.05.eng

Read Fﬂﬁ‘lfﬂ
online %!;%

HEALTH RISK ASSESSMENT WHEN GIVING GROUNDS FOR HYGIENIC
CRITERIA OF FOOD PRODUCTS SAFETY

P.Z. Shur, N.V. Zaitseva

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya Str.,
Perm, 614045, Russian Federation

Safety of any product, including food, is viewed as absence of unacceptable risks for life and health. Given that, we pro-
pose methodical approaches to health risk assessment in substantiating hygienic standards for contaminants contents in food
products; these standards are to be harmonized with internationally accepted principles and supplemented with a methodology
recommended by the Eurasian Economic Commission. We describe approaches to assessment of product risks with application
of health risk evolution modeling; when giving grounds for hygienic standards, these approaches allow to predict health risk
evolution over a period during which a consumer contacts a product; to calculate risk levels for different consumer groups,
including sensitive ones, to model health risk as per preset exposure scenarios.

The article contains some examples of setting hygienic requirements to contents of chemical contaminants and biological agents
in food products. Thus, a hygienic standard for contents of tetracycline antibiotics in meat products was fixed taking into account con-
sequences of gut organisms imbalance as an increased risk of digestive organs diseases, dermatitis, food allergy, or blood diseases.
When a hygienic standard for ractopamine contents in meat products was being fixed, it was shown that its occurrence in any concen-
tration that can be detected with contemporary techniques caused unacceptable health risk in a form of functional disorders in the cir-
culatory system. Therefore, ractopamine was to be prohibited in any concentration. When maximum permissible nitrates contents in
fruit and vegetable was being substantiated, experts took into account both carcinogenic risks caused by transformation of nitrates into
nitrosoamines, and health risks related to methemoglobin formation. Hygienic requirements to permissible listeria contents in food
products ready for consumption were substantiated taking into account quantities of such products (primarily, dairy ones) recom-
mended for consumption by sensitive population groups (first of all, pregnant and breast-feeding women).

The outlined experience accumulated in health risk assessment when giving grounds for hygienic criteria of food prod-
ucts safety in the EAEU and Russia can be useful for improvement and international harmonization of risk assessment. It is
advisable to consider such basic aspects in the process as possible convergence of scientific approaches to assessing con-
sumer health risks when substantiating hygienic standards, harmonization of risk assessment tools, exchange of experience
and a constructive international discussion on practices related to substantiation of hygienic standards.

Key words: health risk assessment, hygienic standards, food products, hazard factors, level of exposure, international
harmonization of risk assessment.

The Russian Federation accession to the acts and national legislation of Russian Fed-

World Trade Organization, collaboration in the
Customs Union within the framework of the
Eurasian Economic Community, makes sanitary
legislation convergence and, in particular, har-
monization of sanitary and hygienic standards of
product quality in line with international stan-
dards, to be one of the highest priorities.

To date, application of the methodology
for analyzing health risks while ensuring prod-
uct safety is enshrined in international legal
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eration. Currently, the development of regula-
tory standards for the quality of environmental
objects necessarily requires methodology for
assessing risk to public health.

In the Russian Federation, first of all, they
include the Federal Law "On Technical Regula-
tion"' No. 184-FZ, Federal Law "On Sanitary
and Epidemiological Welfare of the Population"
No. 52-FZ. The Russian Federation laws, as well
as international documents, interpret product
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safety as the absence of unacceptable risk to
consumer life and health. This is the legal basis
for applying the methodology in developing hy-
gienic standards that ensure food safety for health
in Russia, and the Eurasian Economic Union.

Food products safety in Russia and the
EAEU is ensured by the establishment of man-
datory requirements within the framework of
the Customs Union Technical Regulations.
However, in the transitional period, when the
complete package of technical regulations has
not been finally formed, in the absence of a
standard, the Unified Sanitary-Epidemiological
and Hygienic Requirements for Goods subject
to Sanitary and Epidemiological Surveillance
(Control) shall be applied in the system of tech-
nical regulation. Hygienic standards are an in-
tegral part of technical regulations. In the field
of food-stock and foodstuffs safety in Russian
Federation and in the territory of the Customs
Union, more than 7,000 sanitary and epidemi-
ological indicators are monitored, 3 thousand of
which were harmonized in the preparation of
the regulatory system of the Customs Union
Agreement on Sanitary Measures.

At the same time, it is necessary to empha-
size that Russian Federation, as a member of
the WTO, retained the right to establish more
stringent requirements than the international
ones, if needed in view of the protection level
established on its territory, provided there’s a
competent scientific rationale developed on the
basis of the risk assessment system.

It should be noted that, both in the system
of technical regulation and in the Unified Sani-
tary and Epidemiological Requirements, hygi-
enic standards established in the framework of
the hygienic rationing concept according to
"zero" risk criteria are used as indicators of
food safety. These hygienic standards need to
be acknowledged based on the concept of tol-
erable (acceptable) level of risk and, in some
cases, also to be revised. Justification of hygi-
enic standards for the quality of food products
on the basis of health risk criteria is one of the
key elements in harmonization with the stan-
dards adopted in global practice.

For this purpose, the basic principles for
validating the risk-based standards in Russia are
harmonized with international practice, primarily
with the guidelines of Codex Alimentarius Com-
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mission [1]. They include the priority of safety,
concept of non-zero risk, phasing of the proce-
dure, preference for quantitative assessments, pri-
ority to epidemiological studies, and others.

In accordance with these principles, by now,
the standards for a number of food safety hazards
have already been substantiated by health risk
criteria in the EAEU. First of all, they include
pesticides, nitrates, tetracyclines residuals, racto-
pamine, and tolerable content of Listeria.

However, this is just the beginning of a big
job. To systematically implement it, food prior-
ity items, such as bakery, confectionery, vegeta-
ble oil, milk, meat products, etc., were identified
using the production and consumption criteria.
Priority pollutants of food products were identi-
fied. These include metals, mycotoxins, antibiot-
ics and a number of organic compounds. As one
of the identification criteria, we consider the ab-
sence of a harmonized approach to justification
of the existing standards.

Methodical approaches to risk assessment
for the tasks of validating the hygienic stan-
dards are basically identical to the general
practice of food safety health risk assessment.

In line with the phasing approach to health
risk assessment procedure, the development of
quality standards using risk criteria includes
phases of hazard identification, exposure-
response assessment, exposure assessment and
risk profile. However, to solve the problems of
validating the hygienic standards, these phases
are defined by a number of features.

So, when defining a hazard, no hazard fac-
tors are being identified, since a certain factor is
already under regulation. The major focus is
made to the in-depth analysis of the information
available on its features, sources and actual
content levels in products, to studying hygienic
norms and standards in global practice. The
framework to form probable effects of exposure
and identification of the most sensitive contin-
gents, including the individual sensitivity mark-
ers being applied, is also subject to evaluation.

Based on hazard identification, a decision is
made about the need for and the possibility for
further procedure to justify risk-based standards.

The peculiarities of exposure-response as-
sessment phase for chemical factors, and char-
acteristics of hazard for microbiological factors,
is the establishment of no observed effect levels
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and/or threshold exposure levels in laboratory
and epidemiological studies. As the no ob-
served effect levels, the values characterizing
the absence of an adverse effect (NOAEL) are
most often considered. When validating hygi-
enic standards according to the findings of epi-
demiological studies, reference levels of expo-
sure (BMD, BMC) are often used.

An important component in the "exposure-
effect (response)" assessment phase is the analy-
sis and, if necessary, mathematical models that
describe quantitatively the dependences of the
adverse effect probability on the level of expo-
sure. At this stage, the parameters of health risk
evolution models, recommended by the Eurasian
Economic Commission as a tool for risk assess-
ment of products, including food, can be justified.

When validating hygienic standards in the
exposure assessment phase, the scenarios are
formed, which foresee the maximum possible,
standard, and actual level of exposure. In sce-
narios that provide standard and actual level of
exposure, it is advisable to consider the expo-
sure profile for the most sensitive population
groups. The exposure assessment for the tasks
of validating hygienic standards by health risk
criteria is done indirectly and directly, and the
methods addressed to examining the exposure
markers are very much in demand.

The risk profile is developed step-by-step
for the scenarios considered at the stage of ex-
posure assessment using the parameters and
models chosen in the "exposure-effect (re-
sponse)" assessment. In the event, if the maxi-
mum possible exposure level does not lead to
unacceptable health risk, the remaining scenar-
ios need not be considered. Through risk profil-
ing phase, we establish the levels of risk factors
in environmental objects or products that pro-
vide the maximum exposure that determines
tolerable (acceptable) level of health risk. These
values are considered risk-based standards.

In the course of profiling risk, for the tasks
of justifying hygienic standards, there are some
relevant aspects of this process as follows:

¢ Assessment of the threshold (reference)
levels uncertainty and identification of the
modifying factors;

¢ Assessment of the adverse effects severity;

¢ Identifying levels of tolerable (accept-
able) level of health risk.
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To ensure that a hygienic standard reliably
provides the level of risk not higher than the tol-
erable, based on the uncertainty analysis of risk
assessment, there are safety factors/modifying
factors established, upon which the threshold or
no observed effect levels are reviewed. For ex-
ample, when using findings of the epidemiologi-
cal study made for the most sensitive recipients
groups, the modifying factors can be equal to 1.

An important issue in establishing risk-
based standards is the identification of the tol-
erable (acceptable) level of risk. Today, in
Russia it is customary to consider the value of
1-10* as an acceptable level of health risk.
This level characterizes lifelong risk of death
or disease with a severity close to unity.

Assessing the severity of various effects
(responses) has an essential role in the quantita-
tive assessment of risk, and may affect the value
of hygienic standards validated by risk criteria.
The value characterizing the severity effect of 0
— absolute health, up to 1 — death is determined
also on the basis of the expert assessments, in-
cluding the standardized scales for disease sever-
ity applied. For example, when -calculating
DALY index used by the World Health Organi-
zation (WHO) to estimate harm due to diseases,
a severity index standardized relative to the state
of death is used.

A quantitative assessment of health risk,
taking into account the severity of the probable
responses, showed that consumption of food
products containing residual tetracyclines at a
level of 10 pg/kg and higher could lead to un-
acceptable risk to the health of children popula-
tion. The standards for the tolerable levels of
tetracycline — the acceptable daily intakes
(ADI), and the maximum residues level in food
(MRL) were recorded in 1990 in the thirty-sixth
report of the Joint FAO/WHO Expert Commit-
tee on Food Additives (JECFA) [2].

The no-observed effect level (NOEL) of
tetracycline is set at 2 mg per day. The study
results of tetracycline effects on humans
served as the basis here. As a critical effect,
we considered the impact on intestinal micro-
flora (increased coliform resistance). With the
establishment of an acceptable daily intake
(3 ng per kg of body weight, per day), the un-
certainty factor of 10 was taken, due to vari-
ability of intestinal flora in humans.
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MIC,,(ng / g)x IntestinesContentMass(220g)

ADI =

(1)

Bio — availablePeroralDose x StockFactor x IndividualBodyMass(60kg)

In the fortieth report of the Joint
FAO/WHO Expert Committee on Food Addi-
tives, the acceptable daily intake of tetracy-
clines was reconsidered [3]. On the basis of
the Committee's conclusion that the variability
is small among individuals and the uncertainty
factor is no longer appropriate, it is therefore
advisable to take 30 pg per kg of body weight
per day as an acceptable daily dose. To quan-
tify the risk, we calculated tolerable daily
doses for tetracycline and oxytetracycline for
different types of microorganisms by the for-
mula (1) recommended by FAO/WHO [4].

The formula was developed based on
MICsp modal value (MICsy is the minimum
antibiotic concentration that inhibits growth of
50% of cultures of a particular microorgan-
ism), the safety factor to consider different
types of variability, the intestinal contents, the
weight of an individual, and the bioavailability
of the antibiotic oral dose. MICs values of tet-
racycline and oxytetracycline for 10 different
microorganisms were taken in accordance with
the WHO Food Additives Series 36, with
safety factor value of 1, the proportion of tet-
racyclines bioavailable oral dose of 0.6, the
mass of intestinal contents of 220 g, the aver-
age mass of an individual — 60 kg.

The acceptable daily intakes for 10 differ-
ent types of microorganisms obtained in the
calculation, by the formula (1), varied from
0.37 pg/kg body weight relative to Clostridium
spp. up to 195.6 ug/kg body weight for Es-
cherichia coli and Proteus spp. (Table 1); such
a high variability in the results may indicate
the need to include an additional uncertainty
factor in the calculation of a tolerable daily
dose, especially for the most sensitive popula-
tion groups, for example children, to carry out

health risk assessment, taking into account the
parameters of these groups.

Table 1

Examples of acceptable daily intakes
of variable microorganisms

Microorganism ACI(I:letE lt(aet,)lflg]?;;ly
Escherichia coli 195.56
Bifidobacterium spp. 97.78
Bacteroides fragilis 24.44
Eubacterium spp. 12.22
Clostridium spp. 0.38
Streptococcus spp. 97.78
Fusobacterium spp. 0.76
Lactobacillus spp. 12.22
Proteus spp. 195.56
Peptostreptococcus spp. 12.22

The formation of an imbalance in intestinal
microbial flora, according to in vitro studies,
can be illustrated by the results of mathematical
modeling of facultative microflora growth
against the background of obligate flora sup-
pression’, primarily of Bifidobacterium.

Scientific studies devoted to pathogenetic
processes in the intestine* [2-8] present mate-
rials on the occurrence of microorganisms im-
balance of varying degree for various diseases
(Table 2, 3) [5].

According to the studies’ results in the who-
le population, these diseases are associated with a
change in the microflora of the first class: from
18.6 to 34.8%, the second: from 24.2 to 45.7%,
the third: from 27.0 to 56.3%. In the children's
population, there is also an imbalance of the in-
testinal microflora in these diseases: of the first
class: from 2.0 to 74.0%, the second class: from
26.0 to 84.0% and the third: from 0.0 to 39.1 %.

3 Petrenko V.V. Clinical and pathogenetic peculiarities and ways to treat dysbacteriosis in the intestines and dislipidemia in pa-
tients with functional constipation: thesis of the dissertation for candidate of medical sciences degree. — Saint Petersburg, 2009. — 122 p.

Gusakova E.V. Interference currents applied in complex sanatorium-resort treatment of patients with irritable bowels syn-
drome: thesis of the dissertation for candidate of medical sciences degree. — Moscow, 2003. — 121 p.

Orlova N.A. Dysbiosis and possible ways to treat it in patients with inflammatory intestines diseases with combined pa-
thologies and/or symptoms beyond the intestines: thesis of the dissertation for candidate of medical sciences degree. — Saint

Petersburg, 2010. — 130 p.

*Ivanova T.N. Microbiological peculiarities of dysbiosis in people living in the polar regions: thesis of the dissertation
for candidate of medical sciences degree. — Saint Petersburg, 2008. — 159 p.
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Table 2
Occurrence of intestinal microflora microorganisms imbalance in various diseases (adults),%
Group (code ICD10) Absence ! clags 2 clags 3 clags
severity severity severity
IBS with diarrhea (K58.0) 0 37.8 35.1 27.0
IBS without diarrhea (K58.9) 0 18.6 45.8 35.6
Constipation (K59.0) 0 21.2 24.2 54.5
Inflammatory bowel disorder (K50-K51) 0 0.00 43.7 56.3
Table 3

Occurrence of intestinal microflora microorganisms imbalance in various diseases (children)

Imbalance, %
Group (code ICD10) No Iclass 2 class 3 class
disorders | severity | severity | severity
IBS with diarrhea (K58.0) 0 22.2 66.7 11.1
Constipation (K59.0) 0 74.0 26.0 0
Functional bowel disorder, unspecified (K59.9) 0 15.0 84.0 1.0
Iron deficiency anemia (D50) 0 39.8 46.6 13.6
Other atopic dermatitis (1.20.8) 0 40.6 37.2 22.2
Duodenitis (K29.8, K29.9) 26.7 31.5 33.7 8.1
Food allergies (T78.0, T78.1, T78.4) 1.4 12.6 46.9 39.1
General variable immunodeficiency, unspecified (D83.9) 0 2.0 80.0 18.0

Based on the average daily intakes of ani-
mal origin food products in Europe and daily
intakes of animal origin food for the adult popu-
lation in Russian Federation, as well as the val-
ues of tetracycline maximum residual levels
(MRL) recommended by the WHO (1990),
FAO/WHO (1998) adopted in the USA, and the
maximum tolerable levels in the Customs Union,
the maximum daily intake of tetracycline with
food was established for 10 exposure scenarios.

Modeling the imbalance in the intestine
microflora upon calculation of the values for
the maximum daily intake and tetracycline
concentration in the gastrointestinal tract for
the exposure scenarios studied made it possi-
ble to establish that the scenarios harmlessness
to health (the content of facultative microor-
ganisms does not exceed 5% of the total num-
ber of bacteria) were the ones, which assumed
the intake of tetracyclines residual amounts not
exceeding 10 ug/kg per day.

The risk contingent, people with tetracy-
cline-sensitive intestinal microflora, account
for up to 70% of the population [6]. With this
in mind, the consumption of food products
containing tetracyclines may increase the risk
of a number digestive system disorders
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(K58.0, K58.9, K59.0, K50-K51) in the popu-
lation of Russia by 23% of cases, if the balance
of the intestinal microflora is disturbed. As the
reference most sensitive population for the
quantitative health risk assessment, children
aged 1-11 years were considered. Assessing the
risk of developing an intestinal microflora im-
balance and further increase in the risk of asso-
ciated diseases in children, considering the ex-
posure peculiarities for this group, showed that
the risk of developing an intestinal microflora
imbalance under tetracyclines effect for this
group was absent only when consuming food
with residual amounts of antibiotics in food
products at a level not higher than 10 pg/kg.

If there is an imbalance of intestinal micro-
flora in children, including those caused by re-
sidual tetracycline concentrations in food prod-
ucts of more than 10 pg/kg, the risk of digestive
system disorders increases to 0.000461, of der-
matitis — to 0.000725, food allergy — to
0.000149, of blood diseases — up to 0.001372.
An increase in the risk of digestive system sick
rate in children's population in Russian Federa-
tion can be up to 4% of cases, blood diseases —
up to 8% of cases, skin diseases — up to 0.9% of
cases, allergies — up to 0.1% of cases.
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With the quantitative assessment of micro-
biological risk applied, taking into account its
severity showed that the standards for Listerium
content in a number of the EAEU food products
ensure safety of consumers’ health in contrast
to the norms recommended by the Codex Ali-
mentarius Commission for products in trade.

Listeriosis, caused by L. Monocytogenes
intake with food, is relatively rare, but a seri-
ous disease affecting mainly sensitive popula-
tion groups. The infection source and route is
usually unknown, but the food contaminated
with L. Monocytogenes is considered the main
path of infection and the cause of 99% of Lis-
teriosis cases [7].

According to the Centers for Disease
Control and Prevention, in 2000, L. Monocy-
togenes ranked second in terms of mortality
(21%) among all the foodborne infections
pathogens under monitoring by the organiza-
tion, and the number one in the rate of hospi-
talization (90.5%). The mortality in cases of
invasive listeriosis among the hospitalized pa-
tients was 20-30% [8, 9].

The most frequent sources of Listeriosis
outbreaks are various kinds of soft cheeses,
processed meat, salami, pasteurized milk, un-
pasteurized milk, raw vegetables, etc. [10].

In accordance with the requirements of
the Customs Union Technical Regulations and
the Unified Sanitary Requirements, L. Mono-
cytogenes content in 25 g of product is not al-
lowed, which corresponds to a tolerable level
of bacteria content of L. Monocytogenes/g
0.04 CFU for all product groups under study.

The primary document of Codex Alimen-
tarius that contains requirements for tolerable
levels of L. Monocytogenes in food is
CAC/GL61-2007 [11]. In accordance with
CAC/GL61-2007, the criterion value for the
allowable content of L. Monocytogenes in
food products is chosen based on the probabil-
ity of growth and reproduction of bacteria in
the product group under study. Thus, for food
products that do not support growth and repro-
duction of L.Monocytogenes due to their phys-
icochemical properties, an acceptable level of
bacteria in 100 CFU of L. Monocytogenes/g is
established, and for food products in which
growth and reproduction of L. Monocytogenes
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is possible — 0.04 CFU of L. Monocyto-
genes/g. The content of L.Monocytogenes in
fish, fruit and vegetable products is standard-
ized by CAC/GL 21-1997 [12] in accordance
with the established requirements for the pro-
duction, and using the HACCP system.

In the European Union countries, in ac-
cordance with EU Regulation 1441/2007 [17],
the criteria for L.Monocytogenes content for
infant formula and therapeutic food products
(0.04 CFU L. Monocytogenes/g) are estab-
lished, for other foods, in which L. Monocyto-
genes growth and reproduction are possible
(100 CFU L.Monocytogenes/g in market cir-
culation, 0.04 CFU L.Monocytogenes/g before
being released to the market by the manufac-
turer), as well as for other products that do not
support L.Monocytogenes growth and repro-
duction (100 CFU L.Monocytogenes/g).

To assess population health risks associ-
ated with the intake of L.Monocytogenes with
food products, dose-response models were
used. In this context, the dose is understood as
the amount of microorganisms coming through
gastrointestinal tract. An adverse health effect
was considered as the probability of infection,
development of a disease or onset of death.
Such models, as a rule, are constructed using
the known statistical functions of probability
distribution, the dependencies ratios are deter-
mined from the findings of epidemiological
studies. It should be noted that in the models
considered, dose-response dependencies are
described at the population level, the disease
probability at the level of an individual is not
estimated. In assessing risk, attention should be
paid to the characteristics of the population be-
ing studied, in particular, to the immune status.

One of the simplest and most frequently
used models is an exponential model with one
parameter [14, 15]:

B =1-exp[-7;-N], 2)

where P is a disease probability after intake
of i-th product, N, is a consumed dose of mi-

croorganisms, 7, — parameter corresponding to

a disease probability when exposed to a single
microorganism.

Equation (2) is widely used to assess the
likelihood of diseases caused by the action of

Health Risk Analysis. 2018. no. 4
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Listeria Monocytogenes [16]. In calculating the
risk of disease in people with normal immunity,
the known coefficients were used for three
types of products:

1. Smoked fish: 7 =5.6-10" [22];

2. Chocolate milk: 7, =5.8-107" [21].

3. Tuna-corn salad (vegetables):

r,=1.8-10" [16].
The daily dose of microorganisms was
calculated at the exposure assessment phase.
When assessing risk of a disease after con-
suming several types of products, we used the

probability summation hypothesis: P:ZE,

which is valid for small values of P.

To calculate the probability of a disease in
people of the sensitive group, a coefficient

r=3.15-10" was used.

The exposure assessment was based on
the average daily intake of food groups con-
sidered to be the most probable sources of
L. Monocytogenes [ 18] by different population
groups and the tolerable content of L. Mono-
cytogenes in food. For the Russian Federation
population, several options were considered
for daily intakes by the adult population, in-
cluding pregnant and lactating women of the
following food categories: vegetables, fruits,
fat products, dairy products, meat products,
fish (seafood) used to assess the exposure to
L. Monocytogenes [17]. Pregnant and lactating
women were considered as the population sen-
sitive groups. The exposure scenarios charac-
teristics are presented in Table 4.

The maximum daily intake of L.Mono-
cytogenes with food products, taking into account
the optimal average daily intake of food for preg-
nant and lactating women, is shown in Table 5.

Table 4

Characteristics of exposure scenarios

Tolerable content
Scenario Set of Food Products Of.L' Monocytogenes
in a food product,
CFU/g

1 Recommended daily intake of food products in Russian Federation 0.04**

2 Recommended daily intake of food products in Russian Federation 100

3 Actual daily intake of food products by the adult population in Rus- 0.04
sian Federation :

4 Actual daily intake of food products by the adult population in Rus- 100
sian Federation

5 Optimal average daily food intake for pregnant women, completed by 0.04
modeling results for Scenario 1 (vegetables and fish)* '

6 Optimal average daily food intake for pregnant women, completed by 100
modeling results for Scenario 2 (vegetables and fish)*

7 Optimal average daily food intake for pregnant women, completed by 0.04
modeling results for Scenario 3 (vegetables and fish)* '

3 Optimal average daily food intake for pregnant women, completed by 100
modeling results for Scenario 4 (vegetables and fish)*

9 Optimal average daily food intake for lactating women, completed by 0.04
modeling results for Scenario 1 (vegetables and fish)* '

10 Optimal average daily food intake for lactating women, completed by 100
modeling results for Scenario 2 (vegetables and fish)*

1 Optimal average daily food intake for lactating women, completed by 0.04
modeling results for Scenario 3 (vegetables and fish)* )

12 Optimal average daily food intake for lactating women, completed by 100
modeling results for Scenario 4 (vegetables and fish)*
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Table 5

The maximum daily intake of L.Monocytogenes with food products, taking into account
the optimal average daily intake of food for pregnant and lactating women (g, gross),
fully providing for their physiological needs for food substances and energy

L. Monocytogenes CFU L. Monocytogenes CFU
(tolerable content of L..Monocytogenes (tolerable content of L..Monocytogenes
F in food product 0.04 CFU/g) in food product 100 100 CFU/g)
ood products
L. Monocytogenes | L. Monocytogenes | L. Monocytogenes | L. Monocytogenes
F group CFU (tolerable CFU (tolerable CFU (tolerable CFU (tolerable
ood products
group content of content of content of content of
L.Monocytogenes | L.Monocytogenes | L.Monocytogenes | L.Monocytogenes
in food product in food product in food product in food product
0.04 CFU/g) 100 100 CFU/g) 0.04 CFU/g) 100 CFU/g)
Vegetables 20 5000 20 5000
Fruits 12.8 3200 12.8 3200
Fat products 2.48 6200 2.48 6200
Dairy 23.6 5900 27.6 6900
Meat products 6.8 1700 6.8 1700
Fish (seafood) 2.8 700 2.8 700
Table 6
Results of assessing Listeriosis probability
Food products group | Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4 | Scenario 5 | Scenario 6
Vegetables 2.76E-07 | 6.89E-04 1.41E-07 | 3.53E-04 | 2.76E-07 | 6.89E-04
Dairy 2.16E-10 5.40E-07 1.29E-10 3.22E-07 7.43E-06 1.86E-03
Meat products — — — — — —
Fish 1.35E-09 3.37E-06 5.38E-10 1.34E-06 1.35E-09 3.37E-06
Total 2.77E-07 | 6.93E-04 1.42E-07 | 3.54E-04 | 7.71E-06 | 2.55E-03
Food products group | Scenario 1 | Scenario 2 | Scenario 3 | Scenario 4 | Scenario 5 | Scenario 6
Vegetables 1.41E-07 | 3.53E-04 | 2.76E-07 | 6.89E-04 1.41E-07 | 3.53E-04
Dairy 7.43E-06 1.86E-03 8.69E-06 | 2.17E-03 8.69E-06 | 2.17E-03
Meat products - — - - - -
Fish 5.38E-10 1.34E-06 1.35E-09 3.37E-06 5.38E-10 1.34E-06
Total 7.57E-06 | 2.21E-03 8.97E-06 | 2.86E-03 8.83E-06 | 2.52E-03

Based on the results of the dose-response
modeling, the integrated probability of Listeri-
osis development was obtained for 12 expo-
sure scenarios (Table 6).

Thus, for all exposure scenarios devel-
oped taking into account the maximum allow-
able content of L.Monocytogenes in a ready-
to-eat and marketed food product (L. Mono-
cytogenes/g 100 CFU), the risk of Listeriosis
1s assessed as unacceptable to population.

In exposure scenarios using the allowable
content of L. Monocytogenes at the end-point of
food production (L.Monocytogenes/g 0.04 CFU),
the risk level of health disorders associated with
the intake of L.Monocytogenes with food is
characterized as negligible (scenarios based on
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the optimal and actual daily consumption of food
products by the Russian Federation population)
and allowable (scenarios based on the optimal
average daily set of food products for pregnant
and lactating women).

In some cases, when validating hygiene
standards, along with a quantitative assessment
of the health risk, a quantitative estimate of the
probable effect is used.

So, to solve the important task of validat-
ing the permissible levels of nitrate content in
crop products used in the countries of the Cus-
toms Union, carcinogenic risk assessment was
applied, taking into account the probable rela-
tionship between nitrate levels and the concen-
tration of nitrosamines that are carcinogens in
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food products, as well as the probability of de-
veloping non-carcinogenic effects [19].

The most sensitive population group is chil-
dren. This is due to a number of factors: a higher
level of fluid intake per kg of body weight, an
increased risk of developing intestinal infections,
an increased hemoglobin susceptibility to oxida-
tion compared with adults, an incompleteness of
the gastrointestinal tract leading to an elevated
pH in stomach, which in turn creates favorable
environment for nitrate-reducing microflora and
reduction of nitrates to nitrites; in addition, the
presence of a less active methaemoglobin-
reductase in children of early age, in comparison
with older children and adults, and hence its abil-
ity to metabolize excess methaemoglobin.

At the stage of assessing the dose-response
relationship based on the published findings of
the studies dedicated to nitrates action, we con-
structed exponential models for the dependence
of non-carcinogenic (3) (methemoglobinemia)
[20] and carcinogenic (4) [21] responses on the
nitrates intake with food products of plant ori-
gin. When modeling the probability of methe-
moglobinemia occurrence, we took into account
the conversion of 8% of nitrates, supplied with
food products into nitrites.

0,000639-x (3)

y=1-e
y — l _ el,44E—07<x (4)

Where: yis the percentage of methhe-
moglobin in blood (3), carcinogenic risk (4),
and x 1is the amount of nitrate ingested
(mg/person/day).

The exposure was assessed on the basis of
the recommended and actual average daily con-
sumption of plant foods in Russian Federation
and the acceptable levels of nitrates in them in
the Customs Union countries. During exposition
assessment, 5 scenarios were developed, taking
into account the receipt of nitrates with vegetable
origin food at the recommended intake level for
vegetables and potatoes (maximum values
within the range) (scenario 1), with an average
actual level of consumption by the population
aged 1 to 11 years (scenario 2), aged 11 to 18
(scenario 3), aged 18 to 60 (scenario 4), over the
age of 60 (scenario 5), and the acceptable levels
of nitrate content in vegetables and potatoes
adopted in the countries of the Customs Union.

For the developed scenarios, the possible
daily intake of nitrates with vegetables and pota-
toes, as well as doses of nitrates using standard
mean body weight for children (22.6 kg), ado-
lescents (53 kg) and adults (60 kg) was calcu-
lated. The obtained levels of possible daily in-
take of nitrates and the values of daily doses for
nitrates supplied with products of plant origin for
different scenarios are presented in Table 7.

Based on modeling the dose-response re-
lationship, the probable levels of methaemo-
globin were obtained for 5 levels of exposure
being considered (Table 8).

Methaemoglobin levels for all the scenar-
10s studied range from 0.24% (scenario 2) to
1.03% (scenario 1). Considering that the back-
ground level of methaemoglobin is from 1 to
3%, and the health disorders are observed at
the levels of higher than 10%, the results of

Table 7
Levels of nitrates intake with crop products and the corresponding dose for different exposure scenarios
Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
Nitrate intake, mg/day 202.2 47.9 70.5 87.5 84.0
Nitrates dose, mg/kg/day 34 2.1 1.3 1.5 1.4
Table 8

Probable levels of methaemoglobin for various exposure conditions with nitrates

Scenario Nitrates intake with food of vegetable origin, mg/day Methemoglobin level,%
Scenario 1 202.2 1.03
Scenario 2 47.9 0.24
Scenario 3 70.5 0.36
Scenario 4 87.5 0.45
Scenario 5 84.0 0.43
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health risk assessment for permissible nitrate
levels in crop products showed that the pre-
dicted non-carcinogenic effect — methemoglo-
binemia ranged within the limits of the back-
ground level. This allows the conclusion that
there is no unacceptable risk of developing

non-carcinogenic effects (methemoglobine-
mia) associated with the intake of nitrates with
plant origin foodstuffs.

The level of carcinogenic risk for all the
investigated exposure scenarios is at the level
of the maximum permissible (1x10° — 1x10™),
with the maximum carcinogenic risk obtained
for scenario 1, taking into account the recom-
mended standards for the consumption of plant
foods and tolerable values for the content of
nitrates in these products (2.92x107).

Within the framework of cooperation be-
tween the scientific institutions of Russia, Bel-
arus and Kazakhstan the new approaches to
risk assessment of products using modeling of
health risk evolution were proposed [22].

When validating hygiene standards, the
below approaches allow:

4 to predict evolution of the health risk dur-
ing the period of consumer contact with products;

¢ to calculate risk level for different
groups of consumers, including the sensitive;

¢ to model health risks according to the
specified exposure scenarios

The evolutionary model of health risk ac-
cumulation (evolution of disorders risk in or-
gans and body systems functions), when using
products (goods), is a mathematical descrip-
tion of the consumers health status changes
under the exposure to harmful factors’ com-
plex typical of products (goods) with a long
time. Evolution of disorders risk in organs and
body systems functions is caused by mecha-
nisms of two types: natural abnormalities as-
sociated with cells damage in organs, and risk
increment due to non-standardized effect of
factors common for products (goods).

The evolutionary model for accumulation
of risk to consumer health from products (goods)
is constructed on the basis of paired dependences
that reflect influence of factors inherent in prod-
ucts (goods) on the state of human health and
shown forth in scientific publications. Pair de-
pendencies are included in the evolutionary
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model of accumulating risk to consumers’ health
of products (goods) using the algorithms for
their adaptation to computational forms.

The computational form for evolutionary
model is the system of recurrence relations re-
corded for each type of response (health disor-
der). The general form of the recurrence rela-
tions is given by the expression (5) [23-25]:

R, =R +(a,R +> ARNC,  (5)
J

t+1

Where:
R[

', 1s a risk of health disorders by the i-
th respond at a time ¢+1/,
R/ is a risk of health disorders by the i-th

respond at a time ¢;
o, 1s a coefficient that takes into account

the evolution of risk due to natural causes;
AR;’ is increment of health disorders risk

by the i-th response, due to the j-th factor for 1
year from the time ¢
C is a time empirical coefficient.
Empirical coefficient of time allows for
execution of calculations with a time step of
less than 1 year. The coefficient’ values per
different time steps are shown in Table 9.

Table 9

The value of time empirical coefficient (C),
depending on the time step

Time

1 moth
step, ¢

1 hour | 1day | 1 week 1 year

C 10.000114]0.00274/0.019231]0.083333] 1

In evolutionary modeling, we consider:

— risk of non-infectious non-carcinogenic
impairment of body organs and systems func-
tions under exposure to chemical agents (non-
carcinogenic substances);

— risk of carcinogenic effects (malignant
neoplasms) caused by exposure to chemical
agents (carcinogens);

— risk of infectious and parasitic diseases
when exposed to biological agents.

Increment of health disorders risk due to
the factors typical of products (goods) is deter-
mined on the basis of paired dependences (6):

AR =B, f' (X)), (6)
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Where:
AR’ is increment of health disorders risk

by the i-th response, due to the j-factor during
1 year from the time ¢;
B, 1s a coefficient that reflects the influ-

ence of the j-th factor common for products
(goods) on the rate of accumulating the risk of
the i-th effect (response);

f"(X/) is a function that reflects the re-

lationship between the j-th factor exposure and
the risk of health disorders by the i-th effect
(response);
X/ is exposure of the j-th factor at a time +.
The particular form of f7(X/) function
and the values of B, coefficients may be dif-

ferent for each pair "factor — effect (response)"
in view of different mechanisms of the factors
and methods for constructing models.
Coefficients that take into account risk
evolution due to natural causes (a,) are de-

termined based on the background morbidity
and mortality rates for the diseases classes
(in the case of non-carcinogenic risk) and the
specific ICDs (in the assessment of carcino-
genic effects risk), reflecting the functional
impairment of critical organs and systems.

When choosing the no observed exposure
levels for chemical risk factors of products
(goods), there are some peculiarities as follows:

—in establishing the no observed level,
focus to the critical effects (critical organs/sys-
tem), which arise at the lowest exposure level
(for non-carcinogenic action);

— establishing the no observed level for
different time characteristics of the exposure
(acute, chronic);

— absence of the no observed level for car-
cinogenic effects of chemicals with a genotoxic
mechanism.

The characteristics (parameters) of the
dose-response relationship are:

— version of the dependence that reflects
an increase in the probability of developing a
dangerous reaction with increasing the dose
(concentration) by 1 mg/kg, or 1 mg/m’ (SF;,
SF,, SF4, UR);

— level of exposure associated with a cer-
tain probability of the effect;
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—safe level of exposure (for non-carcino-
gens and carcinogens with a non-genotoxic
mechanism).

When assessing microbiological risk, the
"exposure-response” assessment is included
into hazard characterization phase. The features
of the "exposure-response" dependencies as-
sessment for biological factors include:

— analysis of susceptibility of a risk con-
tingent to the effects of biological hazards of
products (goods);

—need to evaluate (using laboratory data)
the sources and methods for preparing stuff
containing pathogens;

—taking into account the variability and
virulence of the pathogen during interaction
with the susceptible organism and the envi-
ronment;

— calculation of the biological agent effect
probability to the people with different immu-
nity levels;

— possibility to preserve microorganisms
in the source, within transfer factors of the in-
fection pathogen;

— using statistical models of dependence
between the dose, virulence and manifestation
(type, severity) of health responses in a sus-
ceptible population, taking into account
pathways.

This approach was practiced to validate the
hygienic standard for the content of ractopamine
in meat products. In accordance with the deci-
sion of the Codex Alimentarius Commission, the
maximum permissible levels of ractopamine in
pork and beef were set at 0.01 mg/kg, in liver:
0.04 mg/kg, kidneys: 0.09 mg/kg [26].

At the same time, currently, ractopamine is
banned for use in feed of farm animals in 80
countries of the world, including the European
Union countries [27, 28], and authorized for use
in pig breeding by 22 countries. Ractopamine is
used in a number of countries as a feed addi-
tive, stimulating the build-up of muscle mass,
reduction of fat mass and increasing the effi-
ciency of using fodder for pigs, cattle, turkeys.

The Russian delegation position expres-
sed at the 35™ session of the Codex Alimen-
tarius Commission was that the permissible
daily dose of ractopamine is insufficiently jus-
tified, and cannot be used to establish the
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maximum allowable levels of ractopamine in
meat and by-products. The scientific basis for
such position was the results of health risk as-
sessment conducted by Rospotrebnadzor re-
search organizations in collaboration with
RAMS Research Institute of Nutrition.

Toxicological assessment of ractopamine
in animal experiments did not allow for the un-
ambiguous conclusions about the no observed
levels. In experiments on mice, rats, dogs and
monkeys, a number of dose-dependent effects
were recorded at orally administered intakes of
2 to 568 pg/kg of body weight, including an
increasing heart rate and heart left ventricle
contractions amplitude, a decrease in both sys-
tolic and diastolic blood pressure. Several stud-
ies revealed that effects (e.g., bradycardia in
dogs) were also observed with minimal expo-
sure [27, 29].

In assessment of health risk associated
with the receipt of ractopamine residual
amounts with food recommended by the Co-
dex Alimentarius Commission conducted in
Russian Federation, the information on uterine
leiomyoma development in an experiment was
used as the initial data for the formation of ex-
posure-effect model for calculating the car-
cinogenic risk level in mice [30]. It was de-
termined that the carcinogenic risk would cor-
respond to an acceptable level.

For non-carcinogenic effects, simulation of
the exposure-effect dependence was carried out
on based on the data provided by the European
experts in the FAO/WHO reports [31]. As a ba-
sic model, an evolutionary model of accumulat-
ing risk of cardiovascular system disorders was
used, described in the methodological guidelines
"Quantification of non-carcinogenic risk under
exposure to chemicals based on the construction
of evolutionary models."”.

In accordance with the mentioned docu-
ment, a recurrence ratio of accumulating func-
tional disorders risk for cardiovascular system
is constructed in simulation by the formula 5.
In constructing a recurrence ratio of accumu-
lating functional disorders risk for cardiovas-
cular system under exposure to ractopamine

from meat products, its toxicokinetics was
taken into consideration (down-regulation in
the body by 85% during the day [32]), and an
increasing heart rate was considered as a
marker effect.

This recurrence equation is the basis for
constructing the evolution curve for the risk of
cardiovascular system dysfunction under ex-
posure to D-ractopamine dose (the calculated
risk) and its associated curve without taking
into account the effect of ractopamine (D = 0)
(the background risk).

An assessment of non-carcinogenic risk to
health coming from food was made for two
scenarios: the content of ractopamine in
amounts recommended by the Codex Alimen-
tarius Commission as an MRL and at the limit
level for ractopamine quantitative determina-
tion in meat products.

As a result of modeling cardiovascular sys-
tem dysfunctions, it was found that when im-
plementing the first scenario (intake of foods
containing ractopamine at the level of residues
proposed by the Codex Alimentarius Commis-
sion) the risk of cardiovascular system dysfunc-
tions would be 0.47, which, according to
MP 2.1.10.0062-12°, is classified as an unaccep-
table risk. In assessing risk in the second scenario
(intake of ractopamine with food at the limit level
for quantitative determination), the risk of cardio-
vascular system dysfunctions would be 0.141,
which, according to MP 2.1.10.0062-12, is also
classified as unacceptable. This level of risk can
also lead to a reduction in the life expectancy
due to additional cases of cardiovascular system
disorders (diseases characterized by high blood
pressure, atherosclerotic heart disease).

As aforesaid, ADI value, adopted as the
basis for establishing MRL for ractopamine
ranges within 0—1 pg/kg of body weight, i.e.
not authentically different from zero, and
therefore cannot be used in practice, in particu-
lar, when determining the permissible residues
of ractopamine in meat products.

The presented experience of health risk
assessment in validating hygienic criteria for
food safety in the EAEU and Russia can be

>MG 2.1.10.0062-12. Qualification of non-carcinogenic risk under exposure to chemicals based on the construction of
evolutionary models: Methodical guidelines. — M.: Rospotrebnadzor's Center for Hygiene and Epidemiology, 2012 — 36 c.
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useful for improvement and international har-
monization of risk assessment. As the basic
directions in this process, it is advisable to
consider:

¢ convergence of scientific approaches to
the assessment of risk to consumers health
when validating the hygiene standards;

4 harmonization of risk assessment tools;

¢ exchanging experience and constructive
international discussion on the practice for
validating the hygienic standards.
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