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HYGIENIC ASSESSMENT OF PUBLIC HEALTH RISKS CAUSED BY FOOD CONTAMINATION WITH
ORGANOCHLORINE PESTICIDES

Gorbachev DO ™, Sazonova OV, Gavryushin MYu, Borodin LM
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Accumulation of anthropogenic contaminants in food is one of the by-products of economic and other activities practiced by humankind. This study aimed to
analyze the public health risks associated with ingestion of organochlorine pesticides (HCH, DDT) widely used in agriculture. The risk assessment was enabled
by Nutri-prof software package; the data collected covered actual dietary patterns of 1798 people (823 men and 975 women) aged 18 to 65. Assessment of the
level of contamination of food with organochlorine pesticides relied on the results of analysis of 16510 food product samples belonging to various groups. Bread
and bread products, vegetables and melons, potatoes, milk and dairy products were shown to be the source of HCH in the amounts causing the greatest non-
cancerogenic risk associated therewith. The list of products delivering the largest amounts of DDT into the body and thus posing the greatest non-cancerogenic
risk associated therewith includes bread and bread products, vegetables and melons, meat and meat products, milk and dairy products. With the median DDT and
HCH concentrations factored in, the highest joint cancerogenic risk level a person may be exposed to reaches the third range, which is acceptable for occupational
groups. From the age of 45, consumption of bread and bread products leads to the related endocrine system risks growing beyond background levels, and from
65, these risks, considered negligible up to this age, become moderate. The results of this study support effectiveness of the sanitary and epidemiological food
safety control system; the considered methodological approach to risk assessment allows making timely management decisions that account for the nature of
work and dietary peculiarities.
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MrMeHNYECKASA OLIEHKA PUCKA OJ11 300POBbA HACEJIEHUA, OBYC/IOBJIEHHOIO
KOHTAMWHALIMEW MULLEEBbLIX NPOOYKTOB X/IOPOPFAHUYECKMW NECTULMOAMU

. O. Topbades = O. B. CazoHosa, M. tO. MaeptoLunH, J1. M. BopoanHa
Camapckuii rocyfapCTBEHHbI MEAULMHCKIMIA yHMBEepcUTeT, . Camapa, Poccust

XO3ANCTBEHHAS AeATENBHOCTD YenoBeKka NPUBOAWT K HAKOMIEHWIO B MULLEBLIX MPOAYKTaxX aHTPOMOreHHbIX KOHTaMHaHTOB. Llenbio nccnegoBanms 6bin aHanma
pucka AN 300PO0Bbs HaceneHus, 06yCnoBneHHbIN nepopanbHbIM MOCTYNNeHeM xnopopraHmdecknx nectuumaos (MTXUEN OOT), WMPoKO NPUMEHSIBLUMXCSA B
cenbckom xossiictee. OLeHKa prcka OCYyLLECTBSNACE C YHETOM AaHHbIX O (DakTU4eckom niuTaHm 1798 Yenosek (823 My>XHMH 1 975 XEHLLIMH) B BO3pacTe oT
18 po 65 neT ¢ NpUMEeHeHeM NPOrPamMMHOro kKomrnekca «HyTpu-npod». [ns OLeHKN KOHTaMMHALMM MALLEBbIX MPOLAYKTOB X/I0POPraHNYecKMM nectmumaamm
npoaHanmnanposaHo 16510 Npob pasnuyHbIX rpynn MULLEBbIX NPOAYKTOB. HanbonbLumii HeKaHLLEePOoreHHbI PUCK, 0BYCNOBNEHHbI MOCTYMIEHNEM B OpraHn3M
¢ nuwesbiMy npogykTamm XL, obycnosneH notpebneHvem xneba 1 xnebHbix MPOAYKTOB, OBOLLIEV 1 6axHeBbIX, KapTOMeNs, MOoKa 1 MOSIOYHbBIX MPOAYKTOB,
HanOOoMbLLNI HEKAHLIEPOreHHbIN pUCK Npy nocTynneHnn OAT ¢ nuwein o6ycnosneH notpedneHrem xneba v xnebHblix MPOOyKTOB, OBOLLEV 1 6ax4eBblx, MsAca
N MSCHBIX MPOAYKTOB, MOSIOKA 1N MOSIOYHBIX MPOAYKTOB. HamBbICLWMIA YPOBEHL CYMMapHOIro MHAMBWAYaNbHOro KaHueporeHHoro pucka gns OOT n MXUT ¢
YHETOM MEAMAHHOM KOHLIEHTPaLMM COOTBETCTBYET TPETbEMY AManas3oHy 1 npuemnemM A npodeccroHanbHbix rpymn. MpesbilleHrie (hOHOBbIX 3HaYEHIA prcKa
0N 9HOOKPUHHOM CUCTEMbI MPW NOTPebneHun xneba 1 xnebonpoayKTOB HAaCTynaeT B 45 neT, nepexof, C NPeHebpeXxMo Maioro YPOBHSA prcka Ha YPOBEHb
YMEPEHHOro pucka HacTynaeT B 65 net. MonyyeHHble peaynbTaThl ykasbiBaloT Ha dPdEKTUBHOCTb CUCTEMbI CaHUTAPHO-3NMAEMNONOrMYECKOro Haa3opa 3a
6e30MacHOCTBIO ML, paccMaTpUBaEMbIi METOAMHECKNIA MOAXOL, K OLIEHKE PUCKOB MO3BOSISET CBOEBPEMEHHO MPUHMMATL YNPaBNEHHYECKME PELLEHNS C YHETOM
XapakTepa TPyLOBON AEATENbHOCTM 1 OCOBEHHOCTEN NUTaHWS.

KntoueBble cnosa: p1cK 340pOBbHO, NULLEBbIE MPOAYKTbI, SBOMOLMOHHAA MOAENb PUCKa, XNopopraHmndeckmne nectuuymapl, OAT, PXLM
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Food safety plays one of the key parts in ensuring public
health [1]. Contamination of food stock with anthropogenic

DDT (dichlorodiphenyltrichloromethylmethane) and
HCH (hexachlorocyclohexane), both  organochlorine

pollutants caused by human economic activity can lead to
the development of pathological conditions in people [2,3,4].
Organochlorine pesticides are among the anthropogenic
contaminants polluting food stock in the context of agricultural
activities [5].
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pesticides, are insect control chemicals applied to seasonal
and perennial crops [6]. These contaminants, which are
taken by people with food, have potential teratogenic,
carcinogenic, hormonal, neurological and immunological
properties [7, 8, 9].



OPUTMHAJIbHOE UCCJIEQJOBAHNE

Food contamination control, as well as the analysis of health
risks associated with ingestion of foreign agents, are the key
tools supporting and promoting food security in the Russian
Federation. They are also an integral part of the country's
demographic policy [10].

This study aimed to analyze the public health risks
associated with ingestion of organochlorine pesticides, with the
results of this analysis enabling evaluation of the effectiveness
of sanitary and epidemiological control operations in the
Samara region and generation of the new approaches to risk
assessment relying on evolutionary models.

MATERIALS AND METHODS

The assessment of dietary patterns peculiar to various
occupational categories involved collecting data from the
participating residents of Samara region, the collection relying
on surveys powered by Nutri-prof software [11]. The participants
of the study were 1798 people aged 18 to 65 years, 823
male and 975 female. The surveys allowed learning their food
habits structured by the main food groups. The occupational
categories the participants were grouped by reflected nature
of their work and gender specifics; they were "education",
"healthcare", "industrial production", "office", "agriculture".
Food contamination with organochlorine pesticides was
determined in the laboratory of the Samara Region Center for
Hygiene and Epidemiology, the gas-liquid chromatography
tests aimed at identifying concentrations of such compounds
as HCH and DDT. A total of 16510 samples were analyzed.
Automated assessment of carcinogenic and non-carcinogenic
risks, which factored in exposure of the occupational groups to
organochlorine compounds, relied on the Food Contamination
Database. The assessment considered combined exposure
to the contaminants, their median and 90th percentile
concentrations.

RESULTS

Organochlorine pesticides (HCH, DDT) were found in bread
and bread products, vegetable oil and other fats/oils, milk
and dairy products, meat and meat products, eggs, fish and
fish products, sugar and sweets/pastries, fruits and berries,
vegetables and melons, and potatoes. Their median and 90"
percentile concentrations were established (Table 1).

Analysis of the HCH content in food showed that eggs,
vegetable oil and other fats have the maximum median
concentrations, the lowest values were registered in such plant
products as vegetables, fruits and potatoes (in the range of

0.0163-0.0032 mg/kg). As for DDT, the highest concentrations
thereof were found in meat and meat products, and vegetable
oil and other fats had it in concentrations ranging from 0.0143
t0 0.0044 mg/kg.

The subsequent assessment of exposure and hazard ratios
associated with ingestion of organochlorine contaminants
factored in the specifics of their consumption in various
occupational groups, these specifics reported by the
participants when describing their actual dietary patterns.

The maximum non-carcinogenic risk associated with taking
HCH with food was 0.01 (median), and with the 90" percentile
accounted for — 0.096. Women falling into the "industrial
production" category were specifically exposed to this risk due
to consumption of bread and bread products, vegetables and
melons, potatoes, milk and dairy products.

The maximum non-carcinogenic risk associated with
ingestion of DDT with food (median) was established in the
"agriculture" group among males, with the value being 0.24,
and among females of the "industrial production" group, with
the same value. By the 90th percentile, females of the "industrial
production" group ran the highest risk (0.66). The risks arose
from consumption of bread and grain products, vegetables and
melons and gourds, meat and meat products, milk and dairy
products contaminated with DDT.

The joint hazard index (X HI) describing concurrent and
long-term exposure to (intake of) HCH and DDT showed that
females of the "industrial production" group ran the highest risk
(Table 2).

According to the "Guidelines for assessing public health
risks associated with exposure to environment pollutants"
(R 2.1.10.1920-04), liver and the endocrine system are the
organ and system critically affected upon exposure to DDT,
therefore, females of the "industrial production" group run the
highest risk of negative consequences from oral contact with
organochlorine contaminants.

Accounting for the exposure and the slope factors
(SFo) of the studied contaminants, we evaluated the risk of
carcinogenic effects they may have on representatives of the
various occupational groups. The highest level of individual
and population carcinogenic risks associated with median
concentration for DDT was established for the male part of the
"agriculture" occupational group (4.1x107° and 0.41 cases per
10,000 people, respectively). Same group ran the highest risk
of cancer associated with DDT ingestion (0.000184 and 1.84
per 10 000 population). Females in the "industrial production"
group had the highest DDT-induced individual and population
carcinogenic risk level, which amounted to 0.00011 and 1.11
cases, respectively. As for HCH, in this occupational group the

Table 1. Median and 90" percentile content of organochlorine pesticides in food (mg/kg)

HCH DDT
Food groups
Me 90 Me 90
Bread and bread products 0.0051 0.0543 0.0053 0.0065
Vegetable oil and other oils/fats 0.0147 0.0296 0.0095 0.0276
Milk and dairy products 0.0061 0.0072 0.0049 0.0054
Meat and meat products 0.0047 0.0188 0.0143 0.0362
Egg 0.0162 0.0163 0.005 0.005
Fish and fish products 0.0046 0.0073 0.0052 0.0114
Sugar and sweets/pastry 0.0049 0.0072 0.0048 0.0078
Fruits and berries 0.0042 0.0049 0.0051 0.006
Vegetables and melons 0.0035 0.1048 0.0047 0.0248
Potatoes 0.0032 0.0735 0.0044 0.0334
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Table 2. Total hazard indices in occupational groups, median and 90" percentile HCH and DDT concentrations

2 HI 2 Hi
Occupational group Me 90
female male female male
"education" 0.23 0.198 0.68 0.5
"health care" 0.182 0.176 0.51 0.48
"industrial production" 0.25 0.239 0.756 0.693
"office" 0.167 0.156 0.456 0.428
"agriculture" 0.2209 0.241 0.6 0.71

individual risk arising from ingestion of this chemical was at the
level of 0.00147, and the population risk amounted to 17.4
cases per 10000 people.

With the median DDT and HCH concentrations factored
in, the total individual and population carcinogenic risk arising
from the combined effects of DDT and HCH in all studied
occupational groups falls within the third range (individual
risk throughout life ranging from 1x10* to 1x107), which is
acceptable for occupational groups and unacceptable for the
general population. With the 90th percentile DDT and HCH
concentrations factored in, the total individual carcinogenic risk
associated with these chemicals affecting the body jointly in
all studied occupational groups falls within the fourth range,
which is considered unacceptable (individual risk throughout
life >0.001) neither for occupational groups nor for the general
population and requires urgent mitigation measures on the
organizational level.

Assessment of the contribution of individual food groups
to the total risk load revealed that consumption of bread and
bread products aggravates the cumulative risk associated
with exposure to organochlorine pesticides. Using the
paired relationships reflecting the influence of alimentary
factors shaped by contamination of this food group with
organochlorine pesticides we developed evolutionary models
showing health risks accumulation and accounting for damage
to the most vulnerable organs and systems. At the given level
of risk and considering life-long and ever growing exposure
to contaminants, health disorders are likely to develop in the
case investigated. Thus, it is possible to model the likelihood
of disease development for the given contaminant exposure
values and make management decisions aimed at prevention.
According to the literature, HCH and DDT have a negative
effect on the endocrine system. Relying on the median
pesticide concentrations, we built an evolutionary model of
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non-carcinogenic risk for the endocrine system associated with
consumption of bread and bread products, which showed that,
starting from the age of 45, the evolutionary risk grows beyond
background levels, and from 65, these risks, considered
negligible up to this age, become moderate (Figure).

DISCUSSION

Most organochlorine pesticides, including HCH and DDT,
are persistent organic pollutants contaminating environment
in general and food in particular. These chemicals cause the
risk of development of non-carcinogenic and carcinogenic
diseases [12,13].

The Russian Federation food security concept relies on the
multi-stage system for assessing risks associated with food
contamination. The methodological approaches to modeling
the evolution of risk that are currently practiced in our country
underlie the methodology for chemicals-related public health
risks assessment and food (goods) safety appraisal, which
is recommended by the Eurasian Economic Commission
[14]. Both in our country and other countries of the Eurasian
Economic Union (EAEU), there functions a multi-level legislative
system regulating the health risks assessment procedure, the
list of such risks including those arising from food contamination
[15, 16].

This study has shown that in the Samara region, the state
sanitary and epidemiological control system ensures food
safety through permitting sale of food containing permissible
levels of organochlorine contaminants. Nevertheless, the
analysis of risk associated with contamination of food
stock with these compounds revealed the most vulnerable
occupational groups, those bearing the highest risk load,
including risks arising from the consumption of contaminated
food with high values of pesticide content (90" percentile).

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

Age, years

=+:22x= Evolutionary risk (1) ——— Evolutionary risk (background)

Fig. Evolutionary model of non-carcinogenic risk from endocrine system arising from ingestion of contaminants with bread, bread products (median concentrations)
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We analyzed the actual dietary patterns of various population
groups (although, from the methodological viewpoint, risk
assessments typically rely on Rosstat data reflecting average
annual consumption) and received data on exposure to
organochlorine pesticides in specific occupational groups. The
maximum carcinogenic risk associated with ingestion of DDT
and HCH was established in the "agriculture" group among
males and in the "industrial production" group among females.
The maximum carcinogenic risk associated with exposure to
DDT and HCH was established for females of the "industrial
production" group. In all occupational groups, the level of
carcinogenic risk, with the growth of median concentration
factored in, falls in the third range. We have built a non-
carcinogenic risk evolutionary model revealing the development
of endocrine system disorders; this model shows that the key
contributors to aggravation of such disorders are bread and
bread products, and that starting from the age of 45, the
evolutionary risk grows beyond background levels, and from
65, these risks, considered negligible up to this age, become
moderate. The suggested herein methodological approach
to risk assessment factors in dietary specifics and structure,
as well as food habits, exposure to contaminants depending
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