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HYGIENIC ASSESSMENT OF POPULATION HEALTH RISKS CAUSED
BY COMBINED ORAL INTRODUCTION OF HEAVY METALS
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There is a pressing issue related to combined oral introduction of heavy metals into a human body with drinking water
and food products. It is caused by food products contamination, very high probability that metals migrate into water and plants
from soils, ambient air, etc. The research goal was to hygienically assess combined oral introduction of heavy metals with
drinking water and food products with subsequent population health risks assessment. The authors analyzed long-term data on
structure and volumes of food products consumption and assessed population exposure under combined oral introduction of
heavy metals (mercury, cadmium, arsenic, and lead) contained in drinking water and food products. Data were obtained from a
regional information social-hygienic monitoring database and a regional office of the Federal Statistics Service. Both regional
products and products delivered from other regions (or countries) were analyzed. It was detected that population in the region
consumed food products per 1 person a year in a quantity which was by 93 kg higher than on average in the country. Calcu-
lated concentrations of the examined substances in food products and drinking water corresponded to hygienic standards. Dairy
products had the first rank place as regards a contribution made into the overall exposure to lead, cadmium, and arsenic. The
second and the third place belonged to vegetables and melons and grocery respectively. The first rank place as per a contribu-
tion made into the overall exposure to mercury belonged to vegetables and melons, the second place, to grocery; the third place,
to dairy products. Non-carcinogenic risk assessment revealed that hazard quotients related to heavy metals contents in food
products and drinking water were within acceptable risks limits. Total carcinogenic risk (TCR) was unacceptable (1.5E-03.).
A number of additional oncologic diseases in the region could reach 557 cases (during 70 years) under the worst scenario.

Key words: food products, drinking water, heavy metals, health risk assessment, non-carcinogenic risk, oncologic dis-
eases, combined effect, oral introduction.

Food products quality has become a
pressing issue over the last few years as the
Russian Federation is being integrated into the
world economy, food exports are growing, ag-
riculture is developing fast, and up-to-date
technologies are being implemented into ani-
mal breeding and plant growing [1, 2]. The RF
Government approved on "The Fundamentals
of the RF State Policy concerning provision of

population with healthy nutrition up to 2020"
(dated October 25, 2010 No. 1873-p)!, which
determine priority trends in the state policy
concerning provision of population with
healthy nutrition in accordance with advanced
medical requirements. And here it is truly vital
to perform hygienic assessment of contami-
nants in food products and determine priority
contaminants, and to rank food products
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groups as per a contribution made by them into
overall exposure2 [3].

Food products quality and safety is deter-
mined, among other things, by absence of alien
chemicals (contaminants) in them. Due to heavy
metals being widely spread in the environment,
it is essential to hygienically assess heavy metals
contents, both in food products and drinking wa-
ter [4-7]. When exposure to contaminants in
food products and drinking water is determined,
it allows not only to identify probable outcomes
for population health but also to indirectly trace
migration routes for examined alien chemicals in
the environment [8—11]. Previous research that
focused on hygienic assessment of heavy metals
and microelements in environmental objects
substantiates a biochemical province concept
and makes it necessary to explore peculiarities
and essence of inter-media migration taking into
account regional peculiarities [12-15]. In this
respect, if we assess a combined introduction of
heavy metals with food products and drinking
water, it will help us determine population health
risks caused by oral introduction of heavy metals
and reduce uncertainties [6, 16—19].

Our research goal was to assess popula-
tion health risks caused by combined oral in-
troduction of heavy metals with food products
and drinking water.

Data and methods. Our research involved
examining data on food products consumption
by population provided by Orenburg regional
office of the Russian Federal State Statistics
Service; data obtained via research on food
products which are subject to long-term social

and hygienic monitoring (2008-2013); data
taken from the State Reports "On sanitary and
epidemiologic welfare of the population in
Orenburg region over 2005-2013°. Overall, we
examined more than 3,000 works on various
food products, as well as structure and volumes
of food products consumption. We performed a
hygienic assessment as regards heavy metals
contents in food products (cadmium, lead, mer-
cury, and arsenic) and food products compli-
ance with the requirements fixed in CU TR
021/2011 "On food products safety"*. Both lo-
cal food products and those brought into Oren-
burg region from other places were assessed in
the research; we also assessed food products
grown by agricultural enterprises and by local
population on their private farms.

Drinking water taken from centralized
water supply systems in Orenburg was as-
sessed as per 4 heavy metals contents accord-
ing to SER 2.1.4.1074-01 "Drinking water.
Hygienic requirements to quality of water
from centralized drinking water supply sys-
tems. Quality control. Hygienic requirements
to providing safety of hot water supply"® (with
the latest amendments made on April 2, 2018).

Population health risks related to food
products and drinking water were assessed in
conformity with MG 2.3.7.2519-09 "Exposure
determination and assessment of risks caused by
effects produced on population by chemicals
contaminants in food products"® and “Guidelines
on assessment of population health risk under
exposure to chemicals which pollute environ-
ment”’. When ranking food products as per their

>Working Principles for Risk Analysis for Food Safety for Application by Governments. CAC/GL 62-2007. — Rome:

World Health Organization, 2007. — 41 p.

3 On sanitary-epidemiologic welfare of the population in Orenburg region: State Report (over 2005-2013) [web-source] /
The Federal Service for Surveillance over Consumer Rights Protection and Human Well-being, Orenburg regional office. —
URL.: http://56.rospotrebnadzor.ru/gosdoklady (date of visit December 05, 2018).

* Customs Union Technical Regulations 021/2011. On food products safety [Web-source] // KODEKS: an electronic fund
of legal and reference documentation. — URL: http://docs.cntd.ru/document/902320560 (date of visit February 05, 2019).

>SER 2.1.4.1074-01. Drinking water. Hygienic requirements to quality of water from centralized drinking water supply
systems. Quality control. Hygienic requirements to providing safety of hot water supply (with the latest amendments made on

April 2, 2018) [Web-source] / KODEKS: an electronic fund of legal and reference documentation.

— URL: http://

docs.cntd.ru/document/901798042 (date of visit: January 23, 2019).
SMG 2.3.7.2519-09. Exposure determination and assessment of risks caused by effects produced on population by chemicals

contaminants in food products [web-source]. —
=4799 (date of visit January 15, 2019).

URL: https://rospotrebnadzor.ru/documents/details.php? ELEMENT _ID

"G 2.1.10.1920-04. Guidelines on assessment of population health risk under exposure to chemicals which pollute envi-
ronment [Web-source] / KODEKS: an electronic fund of legal and reference documentation. — URL: http://docs.cntd.ru/docu-

ment/1200037399 (date of visit January 15, 2019).
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contribution into overall exposure, we calculated
a fracture as per each examined substance with
simultaneous rank determination. To calculate
exposure, we took average long-term volumes of
food products consumption, median values, and
90-th percentile. Carcinogenic risks were calcu-
lated as per 3 examined substances (cadmium,
arsenic, and lead). Non-carcinogenic risks were
assessed as per 4 examined substances (cad-
mium, arsenic, lead, and mercury). We proc-
essed the data statistically with Statistica R.10,
"StatSoft Inc", and MS Office Excel-2010.

Results and discussion. Population expo-
sure to heavy metals directly depends on food
products contamination and quantities in
which they are consumed. Comparative analy-
sis of specific food products consumption (kg
per capita) revealed that population in Oren-
burg region tended to consume more food
products annually than in the country in gen-
eral, both overall and as per specific food
products groups; thus, overall annual food
products consumption per capita was by 93 kg
higher; vegetables and melons consumption,
by 45 kg; milk and dairy products, by 60 kg;
but at the same time, people living in Oren-
burg region consumed less sugar and confec-
tionary, fruit, and potatoes (Table 1).

All the examined food products groups
complied with the hygienic requirements fixed
in the CU TR "On Food products safety"* as
per heavy metals contents.

The next stage of our research was calcu-
lating median values and 90-th percentile ones

in order to determine exposure as calculated
average values could be overestimated or un-
derestimated as compared with a median value
(Table 2). We should note that calculated me-
dian values and 90-th percentile ones don't ex-
ceed levels fixed in the CU TR 021/2011%. We
didn't detect any heavy metals in food products
from "potatoes" group.

We compared all the obtained data with
previous research and revealed that food prod-
ucts contamination with heavy metals tended
to decrease as regards the examined food
products groups. Lead contents went down by
1.4-1.6 times; cadmium, 1.5-2 times; mer-
cury, 2-2.5 times; arsenic, 2.5-3 times [13].

We detected that milk and dairy products
occupied the first rank place as per their con-
tribution into overall exposure to lead, cad-
mium, and arsenic (Table 3). The second and
the third rank places as per contributions made
into overall exposure to lead, cadmium, and
arsenic, belonged to vegetable and melons and
grocery products respectively. Vegetables and
melons also held the first rank place as per
their contribution into overall exposure to
mercury; the second place belonged to grocery
products; the third place, to milk and dairy
products. It is especially interesting to note
that lead, arsenic, and cadmium are carcino-
genic, and products that make the greatest con-
tribution into overall exposure to them have
the same rank places. When assessing the ex-
amined food products groups, we detected that
it was exactly grocery products, vegetables

Table 1
Annual food products consumption per capita (kg/year)
Food products group Orenburg region The Russian Federation

Grocery 121.6+5.7 118.8+1.9
Vegetables and melons 150+9.6* 105+1.9
Potatoes 96.6+6.3* 109.6+2.3

Fruit and berries 53.0+£2.3 59.6£1.6

Meat and meat products 69.343.1 65+1.8

Milk and dairy products 307.7+£8.5* 247+3.4

Eggs (items) 310.7+7.6* 269+5.4

Fish and fish products 24.2+1.9 24.2+1.1

Sugar and confectionary 343+2.1 39.2+14
Vegetable oil and other fats 18.3£1.6 13.5+1.1

Note: validity of discrepancies between groups * — p<0.05.
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Table 2
Contaminants concentrations in food products for exposure calculation (mg\kg, M+m)
Food products group Lead Arsenic Cadmium Mercury
Groce med | 0.01£0.0012 | 0.01+0.0012 0.01+0.0011 0.005+0.0001
v 90% | 0.01£0.001 | 0.01+0.0011 | 0.014++0.0001 0.005£0.0001
med | 0.01£0.0013 | 0.01+0.0019 | 0.01++0.0001 0.005+0.0001
Vegetables and melons
90% | 0.01+0.0017 | 0.01+0.0018 | 0.01£+0.0001 0.005£0.0001
. . med | 0.01£0.0011 | 0.01+0.0011 0.01+0.001 0.005+0.0001
Fruit and berries
90% | 0.01+0.0012 | 0.01+0.0014 0.01+0.0011 0.005+0.0001
med 0 0 0 0
Meat and meat products
90% | 0.01+0.0013 | 0.01+0.0013 0.01+0.0001 0.005+0.0001
. . med | 0.01=0.0012 | 0.01£0.0012 0.01+0.0001 0.001£0.0001
Milk and dairy products
90% | 0.01+0.0011 | 0.01+0.001 0.01+0.0001 0.005+0.0001
. med | 0.01£0.0011 | 0.024+0.001 0 0.012+0.001
Fish and fish products
90% | 0.07+0.0018 | 0.256+0.01 0.022+0.0001 0.05+0.001
. med | 0.01£0.0018 | 0.005+£0.0001 | 0.01+0.0001 0.001£0.0001
Sugar and confectionary
90% | 0.01+0.0018 | 0.01=0.0014 0.01+0.0001 0.005£0.0001
d 0 0 0 0
Vegetable oil and other fats e
90% | 0.01+0.0015 0 0 0
Table 3
Products rankled as per their contribution into overall exposure (%, rank)
Products Lead Arsenic Cadmium Mercury
Grocery 17.6(3) 17.2(3) 18.2(3) 27.0(2)
Vegetables and melons 21.7(2) 21.2(2) 22.5(2) 33.3(1)
Fruit and berries 7.7(4) 7.5(5) 8.0(4) 11.7(5)
Meat and meat products 0 0 0 0
Milk and dairy products 44.5(1) 43.5(1) 46.2(1) 13.6(3)
Fish and fish products 3.5(6) 8.2(4) 0 12.9(4)
Sugar and confectionary 5.0(5) 2.4 (6) 5.1(5) 1.5(6)

and melons, meat, milk and dairy products that
were mainly produced or grown locally, in
Orenburg region. We applied median values to
rank products as per their contribution into
overall exposure (Table 3).

We detected that more than 70 % of con-
tribution made by food products contamination
with lead, cadmium, mercury, and arsenic was
determined by consumption of locally pro-
duced or grown food products.

It was especially interesting to examine
products groups that made the greatest contri-
bution into overall exposure. For more pro-
found examination, grocery products were di-
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vided into the following categories: "bread",
"bakery", "macaroni", "flour", "cereals", and
"others". The lowest concentrations of lead
(0.004 £ 0.0002 mg/kg; p<0.05), arsenic
(0.004 £ 0.0001 mg/kg; p<0.05), cadmium
(0.004 £+ 0.0003 mg/kg; p<0.05), and mercury
(0.001 + 0.0001 mg/kg; p<0.05) were detected
in "macaroni". The highest lead concentrations
were detected in "flour" (0.009 + 0.0006 mg/kg;
p=<0.05) and "cereals" (0.008 + 0.0003 mg/kg;
p<0.05). The highest arsenic concentrations
were detected in "flour" (0.008 £ 0.0007
mg/kg; p<0.05). The highest cadmium con-
centrations were also detected in "flour"
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(0.009 = 0.0006 mg/kg; p<0.05) and "cereals"
(0.009 £ 0.0005 mg/kg; p<0.05). The highest
mercury concentration was detected in "bread"
(0.004 £ 0.0003 mg/kg; p<0.05). Overall, we
can conclude that "flour" and "cereals" are the
most contaminated among grocery products,
and they are mostly produced locally and from
local raw materials (Figure).

Examined meat products were divided
into the following categories: "sausages",
"meat", "poultry", and "minced meat products"
(Figure 2). We detected that "meat" was the
least contaminated among all these products
(lead concentration 0.001 + 0.0005 mg/kg;
p<0.05; arsenic, 0.001 +0.0009 mg/kg;
p<0.05; cadmium, 0.001 £0.0005 mg/kg;
p<0.05; mercury, 0.0004 + 0.00001 mg/kg;
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p<0.05). The highest concentrations of lead
(0.008 £ 0.0005 mg/kg; p<0.05), arsenic
(0.008 £ 0.0003 mg/kg; p<0.05), cadmium
(0,008 £ 0.0009 mg/kg; p<0.05), mercury
(0.004 = 0.0001 mg/kg; p<0,05) were detected
in "minced meat products" which were basi-
cally frozen semi-finished products (cutlets,
pelmeni, meatballs, and others), and most of
them were brought to Orenburg form other re-
gions while most "neat" and "poultry" was pro-
duced locally.

To examine dairy products more pro-
foundly, we divided them into 3 categories:
"milk", sour milk products", and "other milk
products" (buttermilk, etc.). We detected that
"sour milk products" were the most contami-
nated with lead (0.006 + 0.0002 mg/kg), arsenic

OTHERS
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Figure 1. Grocery products contamination with heavy metals, mg/kg
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Figure 2. Meat products contamination with heavy metals, mg/kg
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Figure 3. Dairy products contamination with heavy metals, mg/kg
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(0.006 = 0.0001 mg/kg), and cadmium (0.006 +
+0.0006 mg/kg) (Figure 3). As for "milk"
concentration of lead in it amounted to
0.005 + 0.0009 mg/kg; arsenic, 0.005 + 0.0008
mg/kg; and cadmium, 0.005 + 0.0007 mg/kg.
Mercury contents in "milk" and "sour milk
products" were practically the same (0.002 +
+ 0.0001 mg/kg).

To determine non-carcinogenic hazard
quotients, we applied values of conditionally
tolerable weekly introduction (CTWI) of con-
taminants which were able to cumulate
(MG 2.3.7.2519-09°) with calculating weekly
exposure. We detected that hazard quotients,
both as per their median values and 90-th per-
centile ones, didn't exceed an acceptable level.
Overall hazard index at a median and 90-th
percentile level also didn't exceed permissible
levels (Table 4).

Risk analysis as per organs and systems
revealed that the highest risks were detected
for the hormonal system, CNS, kidneys, and
immune system; nevertheless, all those risks
corresponded to hygienic requirements, both
as per median values and 90-th percentile ones
(Table 5).

Carcinogenic risks were calculated as per
three chemicals, namely, cadmium, arsenic, and
lead; arsenic and cadmium are assigned into the
first category of carcinogens according to the
International Agency for Research on cancer
(IARC). Carcinogenic risk assessment revealed
that a risk caused by arsenic contents in food
products could be estimated as unacceptable for
population in general (individual lifelong risk
was higher than 1 x 10™*), both as per a median
value and 90-th percentile one. Individual car-
cinogenic risks caused by exposure to lead and
cadmium and calculated as per 90-the percen-
tile were also unacceptable (Table 6).

We calculated population carcinogenic
risk for the whole Orenburg region population
(553,763 people); the calculation revealed that
contamination with arsenic resulted in the
maximum probability of oncologic diseases
(441.9 new disease cases), and contamination
with lead, the minimum one (9.4 new disease
cases); contamination with cadmium resulted
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in 69.2 new cases. Overall, food products con-
sumption could lead to additional 520.5 new
oncologic diseases cases for 70 years under the
worst possible scenario (90-th percentile).

We analyzed heavy metals introduction
with drinking water and revealed that average
concentrations of the examined chemicals in it
didn't exceed permissible levels, lead concentra-
tion being equal to 0.14 MPC; arsenic, 0.2 MPC;
cadmium, 0.48 MPC; and mercury, 0.04 MPC.

Daily absorbed doses amounted to 5.58E-05
for lead; 3.96E-05, arsenic; 1.38E-05, cadmium;
and—6.14E-07, mercury. We calculated non-
carcinogenic risks caused by the examined
contaminants contents in drinking water and

Table 4

Hazard quotients related to non-carcinogenic
effects occurrence

Exposure ?HTXI Hazard

Chemical (mg/kg/ ke quotient

week) bw./ (HQ)
week

med 0.002 0.08
Lead  ro00 T 0003 | %%% [0.10
. med 0.002 0.13
Arsenic 90% 0.003 0.015 025
. med 0.002 0.26
Cadmium 90% 0.002 0.007 0.33
med 0.001 0.12
Mereury 195001 0.001 0.005 45727
med 0.59
Overall HI 90% 0.95

Table 5

Overall hazard index for critical organs
and systems in a body

Organs and systems Hazard index, | Hazard index,
HI med HI 90 %
Central nervous system 0.33 0.62
Nervous system 0.21 0.35
Blood 0.08 0.10
Hormonal system 0.59 0.95
Reproductive system 0.20 0.37
Skin 0.21 0.35
Immune system 0.25 0.52
Gastrointestinal tract 0.13 0.25
Cardiovascular system 0.13 0.25
Kidneys 0.39 0.60
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TabGnuna 6
Carcinogenic risks related to food exposure

Chemical CAS* |IARC**| EPA*** | SFy¥*** | SEpk#**** | [CR*¥***** med | ICR 90 %
Cadmium 7440-43-9 1 Bl 0 6.3 9.94E-05 1.25E-04
Arsenic 7440-38-2 1 A 1.5 15 4.17E-04 7.98E-04
lead 7439-92-1 2A B2 0 0.042 1.27E-05 5.4E-04
CRfo Sum - 5.29E-04 1.5E-03

Notes:

* Chemical AbstractsService.

" International Agency for Research on Cancer.

™" United States Environmental Protection Agency; EPA.
" Slope Factor for oral SF,, introduction of a toxicant in a body.

sk skoskok

ok ko

Individual carcinogenic risk.

detected the highest hazard quotient for arse-
nic (HQ-0.13). Hazard quotients (HQ) calcu-
lated for cadmium, mercury, and lead, were
lower than 0.01.

Carcinogenic risk assessment revealed
that individual carcinogenic risk caused by ar-
senic contents in drinking water amounted to
5.94E-05; lead contents, 2.62E-06; cadmium
contents, 5.25E-06. Probable additional on-
cologic cases caused by oral introduction of a
chemical with drinking water amounted to
32.8 for arsenic; 1.5, for lead; 2.9, for cad-
mium, for 70 years.

We assessed combined effects produced
by heavy metals in food products and drinking
water under oral introduction on the basis of
hazard index 9HI); the assessment showed that
HI for food products amounted to 0.44 (90-the
percentile was applied); and to 0.18 for drink-
ing water. Therefore, total hazard index (THI)
amounted to 0.62.

We assessed total carcinogenic risk
caused by combined oral introduction and re-
vealed that CR for food products amounted to
9.4E-04 (90-th percentile was applied); and to
1.47E-03 for drinking water. Therefore, total
carcinogenic risk (TCR) amounted to 1.5E-03.

Basic uncertainties in this work are
caused by incomplete data on parameters re-
quired to assess exposure as such an assess-
ment depends on more detailed study of a
market basket which allows to quantitatively
estimate food products consumption by vari-
ous population groups. The most authentic as-

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

Slope Factor for inhalation SF; introduction of a toxicant in a body.

sessment of influence exerted on health by
combined oral introduction of heavy metals
can be performed only via targeted and well-
planned research with lower variability and
uncertainty, based on data specifically ob-
tained for the sake of such research and sce-
narios which are the most approximate to real
life conditions.

Conclusion. We detected that annual food
products consumption as per the examined
food products groups was by 93 kg higher per
capita in Orenburg region than in the country
in general.

Calculated median and 90-th percentile
values for concentrations of heavy metals
(cadmium. lead, mercury, and arsenic) corre-
sponded to the requirements fixed by CU TR
021/2011 "On food products safety"* in all the
examined food products groups. Average an-
nual concentrations of heavy metals in drink-
ing water didn't exceed hygienic standards.

Milk and dairy products had the first rank
place as per their contribution into overall expo-
sure to lead, cadmium, and arsenic; these prod-
ucts were mainly produced in the region. The
first rank place as per a contribution into overall
exposure to mercury belonged to vegetables and
melons. More than 70% of the contribution
made into food products contamination with
lead, cadmium, mercury, and arsenic are deter-
mined by consumption of products which were
grown or produced mainly in the region.

Hazard coefficients related to non-carci-
nogenic effects as well as hazard indexes for
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critical organs and systems caused by heavy
metals contents both in drinking water and
food products didn't exceed acceptable levels.
As we assessed total carcinogenic risk
caused by combined oral introduction of
heavy metals, we revealed an unacceptable
risk level (total carcinogenic risk (TCR)
which amounted to 1.5E-03, as per 90-th per-

centile). Probability of additional oncologic
diseases could reach 557 cases under the
worst possible scenario.
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