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Abstract. The article presents the results of the
study of the element of the mathematical model to
calculate the quantitative risk to health of the population
who live in the technogenic-loaded territory. The author
proposes a mathematical tool that will make rapid
analysis of the influence of carcinogen, which is in the air
on the number of cancer in the population. The results of
the study had a practical confirmation with a high degree
of adequacy. The study of the proposed methods and
models will allow practitioners and scientists on the basis
of the proposed mathematical apparatus of analysis (or
further development) to minimize the risk and optimally
manage it, especially in areas with high technogenic
stress. Thus, this approach can be applied to the analysis,
forecasting and development of measures to ensure the
safety of the population.
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Introduction

The concept of risk in general is a system approach
that includes the main elements: risk assessment, risk
management and risk perception.

At present, the tasks of identifying hazards and risk
assessment procedures at optimal and emergency
functioning of stationary and mobile sources of pollutant
emissions are more solvable tasks.

Formulation of problem

The methodology of risk assessment, namely the
influence of chemical components on the state of health
of the population, was first used in the United States since
the 80s of the last century. Since then, a large number of
methods have been developed to identify different types
of risk, and many different reasons have been identified
that led to the need for such an assessment.

Risk analysis is a part of a systemic approach for
making a decision, procedures and practical measures to
address the objectives of preventing or reducing the risk
to human life and the environment.

In our country, this is commonly called "industrial
safety", and abroad risk management.

In this case, Risk Analysis or Process Hazard
Analysis is defined as the systematic use of available
information for hazard identification and risk assessment
for individuals or groups of people, property or the
environment [1]. Risk analysis is to identify (identify)
hazards and risk assessment.

Danger is the source of potential harm or damage, or
the situation with the possibility of causing harm, and the
risk or degree of risk (risk level) is the combination of the
frequency or probability and the consequences of a
particular hazard [2].

That concept of
elements:

- the frequency with which a dangerous event
occurs;

- consequences of a dangerous event.

The use of the notion of risk, thus, allows you to
translate the danger into a category of measured
categories.

Risk, in fact, is a measure of danger.

"risk" always includes two

Analysis of recent research results

While the principles and methods for evaluating
chemicals which are not carcinogens are relatively similar
across countries, it is noteworthy that approaches to
assessing the risk of carcinogenic chemicals vary
considerably. There are not only significant differences
between countries, but even in one country different
regulatory agencies, committees and scientists use or
advocate different approaches to risk assessment. The
risk assessment of substances which are not carcinogenic
is consistent enough and has a long tradition, in part
because of a long history and a deeper understanding of
the nature of the toxic effects compared to carcinogens,
and a higher level of consensus and trust on both
scientists and the general public regarding methods used
and the results obtained. In the late 1960s and early
1970s, the regulatory authorities of various countries —
beginning with the US - faced a problem whose
importance increased every day, in which the approach
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based on the factor of safety was considered by many
scientists as unsuitable and even dangerous.

Later, risk assessment, as a scientific methodology,
was first used in the world since the 80s of the last
century in America.

At that time, many methods had been developed to
identify different types of risks and many reasons had
been identified for the importance of such an assessment.

It was about chemicals that, under certain
conditions, increased the risk of cancer in humans and
animals. These substances have received the working title
of carcinogens. There are still disputes over the definition
of a carcinogen and there are various opinions on
methods for the identification and classification of
carcinogens, as well as the process of the occurrence of
cancer under the influence of chemicals.

Complex reviews of discussions of various aspects
of models of mathematical extrapolation are given in
Kramer et al. (1995) and Park and Hawkins (1993).
Krewski et al. (1990) revised the concept of "threshold
regulation" for chemical carcinogens. To date, no
mathematical model is considered to be the most suitable
for low-dose extrapolation in carcinogenesis.

The works of Aksoy M. [3], Anderson B.A.
Silver B.D. [4], Babich H., Devanas M.A,, Stotzky G. [5],
Csicsaky M.J., Roller M., Pott F. [6], Comstock M.L. [7]
Demmerle G., Arndt A. [8], and others are devoted to the
improvement and others are devoted to the improvement
methodologies for risk assessment of carcinogenic
substances that are emitted into the atmosphere from
different anthropogenic sources.

Purpose of research

The purpose of the study is to offer a practical
simple mathematical tool for the quantitative rapid
assessment of the risk to health of the population who
live in a technogenic area and breathe air with
carcinogenic toxicants

Results of research

Risk assessment is the use of available information
and scientifically based forecasts to assess the risk of
adverse environmental factors and human health
conditions.

Risk, in fact, is a measure of danger.

The use of the concept of risk does not translate
safety into the category of quantitative measured values.

Risk profile is the last stage of risk assessment and
the first stage of risk management.

It is known that the calculation of risks and their
characteristics are separately for carcinogenic and non-
carcinogenic effects.

Consider carcinogenic risk:

Rind = C x Uri, 1)
where Rind — is an annual individual (additional to
background) risk cancer development (year-1);

C - average daily concentration of pollutant, which
affects a person throughout his life (ug / m%);

Uri — is a single risk for inhalation exposure,
characterizing the risk value for one unit of concentration
of a pollutant in air for one year [(ug / m%) - year] .

In the methodology of risk assessment, the combined
effect of carcinogenic factors is considered to be additive,
therefore the total carcinogenic risk is calculated by the
formula:

Rs=R:1+ Ry + ... Rn, (2)
where Ry — total carcinogenic risk from exposure to
several toxicants;

Ri, R2, Rn — carcinogenic risks caused by the
influence of the components of a mixture of chemicals.

For carcinogens, the process of risk characterization
is to determine the number of expected additional cases
of cancer, using the concentrations obtained at the points
— receptors and potential factors. The following main
types of risk are taken into account:

- an individual carcinogenic risk throughout life that
is defined as an additional (above background) risk for an
individual to contract a cancer during a lifetime under the
influence of a particular substance at a specific
concentration or dose;

- annual population oncological risk is defined as the
number of additional cases of cancer expected during
each year for a certain number of people in the region
under study as a result of exposure to a specific dose of a
carcinogenic contaminant.

- additional individual carcinogenic risk of exposure
to atmospheric pollutants throughout life is a function of
three main factors:

a) average daily inhalation dose calculated from
concentration in the air, set in point-receptor using
scattering models pollutants in the atmospheric air;

b) the probability that a specific pollutant will trigger
tumor formation;

c) suration of influence.

Based on the methods developed by the American
Agency for the Protection of the Environment, the
calculation of individual additional carcinogenic risk
throughout life is carried out by multiplying the
concentration at the point — on the factor factor receptor
for the total part of the time of life, when there was a
negative impact [9].

According to the author, in quantitative estimations
of the ecological risk associated with contaminating
carcinogens from operating stationary and mobile sources
located in a certain territory, it is expedient to calculate
the total (existing) risk and the so-called additional.

Mechanisms of formation of negative consequences
(effects), caused by existing and additional risks and are
taken into account with the help of the indicator g. — the
parity of harmful influences.

For the case of the same mechanisms of influence on
human health:

Qe = Ot - Qc, @)
where @i, gc — particularly the appearance of such
negative effects in the risk group and the control group.

If these mechanisms are different:

Ge = (0 - ) / (1- 0Le), (4)

To estimate the influence of a toxicant present in the
atmosphere, the concept of "risk from the dose and
toxicant j" is introduced, through [Pe(D)]; [1].
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In fact, the value [P¢(D)]jj is probable, it depends on
the so-called risk factor of this toxicant Frand its dose D.
The dose is measured in mg, and the risk factor has a
dimension (mg)* and represents the risk that falls on unit
dose.

The size of the risk factor should be established as a
result of special studies. If the relationship between the
dose and the risk is linear, and the effect of the toxicant
has no threshold, then the value [Pe¢(D)]ij can be
determined by the following formula:

[Pe(D)]ij= (FrD)j=(Fr-c-v-t)j,  (5)
where ¢ — toxicant concentration;

v — his daily intake in the body;

t — the time of exposure to the toxicant.

The number of serious consequences (for example,
cancer) of toxicants per person is determined by the

formula:
Ge = X"i=1 X j=0 [Pe(D)]5>Nij , (6)
where N;; — the number of people exposed to toxicants;

k — number of toxicants;

n — number of dose levels of each toxicant.

The studies conducted by the author in the
Agrokombinat "Pushcha-Voditsa" of Kyiv, in conjunction
with the sanitary-epidemiological station for 36 months,
showed that the above formula can also be used for
express quantitative estimates of the population risk in a
certain technogenic area.

In the selection of sources for the author used the
following criteria to assess the risk to public health from
environmental pollution:

- release of carcinogenic substances into the
environment;
- hazard class of substances released into the

environment and connections;

- multiplicity of exceeding the maximum permissible
concentrations.

The object of research Agrokombinat "Pushcha-
Voditsa" of Kiev (Polkovaya 57 str.) The research,
production Agrokombinat "Pushcha-Voditsa" - the
diversified enterprise, occupies about 2000 hectares
where enter, including, more than 100 hectares of long-
term plantings, a dairy farm, a champignon complex,
plant on processing of agricultural production. The
company produces and sells more than 100 products.

The author together with employees of the sanitary-
epidemiological service, SES Darnytskyi district", which
is located at the address: Kyiv, Pobedy Ave., 7.

Air samples were taken by specialists by high-
performance liquid chromatography with fluorometric
detection. Samples were taken in 6 batches of 10 days.
Calendar time of sampling spring (beginning) and autumn
(end) of large agricultural works). At this time,
enterprises and vehicles are operating at maximum
capacity.

Benzapyren is practically not found in the free state,
and is always deposited on the particles contained in the
air. When diesel engines of motor vehicles are working,
they are carbon particles, which have a film of
benzopyren on the surface. Together with the masses of
air that move, the benzapyren spreads over a large area.
And fall out together with solid particles from the air (for
example, in precipitation) fall into the soil layers.

In the movement and accumulation of benzapyren
plays an important role agricultural machinery and trucks.
On the one hand, moving over long distances, cars
contribute to a uniform spread of benzapyren. On the
other hand, the settled benzapyren accumulates in large
quantities along highways and gets to the earth where
plants (so-called "secondary sources") grow.

Benzapyren (3, 4 — benzapyren) belongs to the class

of polycyclic aromatic hydrocarbons, molar mass
252,32 g/mol.
The substance is a product of incomplete

combustion (pyrolysis) of organic compounds present in
the products of processing of coal, oil (heavy fractions).

Benzapyren has carcinogenic activity. In the
atmosphere, it is mainly adsorbed on suspended particles.

Benzapyren refers to substances of hazard class 1.
The average daily maximum permissible concentration of
benzapyren in the air of populated areas is
0.001 pg / mé.

The following method was used in the research. The
method is based on trapping of benzapyren in aerosol
filter, extracting it with hexane, concentrating the extract,
chromatographic separation, detection of the signals
using a fluorescent detector, to identify the peak of
benzapyren on the chromatogram at the retention time
and the calculation of the mass concentration of
benzapyren.

When sampling atmospheric air, the following
conditions shall be met:

- no precipitation;

- the inlet openings of the sampling device shall be
located away from the walls of buildings, fences, trees
and other obstacles. Before sampling, measurements of
direction, wind speed, temperature and atmospheric
pressure are carried out. The sampling device is located at
a height of 1.5-3.5 m.

Single samples are taken for 20-30 minutes, and the
average daily discretely for 30 minutes at least 4 times a
day. The exposed filters are Packed in paper marked bags
and stored in a dry room or in a refrigerator for no more
than 30 days.

The results were processed in
"Multichrome for Windows".

The concentration of benzapyren in the sample is
calculated by the formula:

X = Ck Uk Q1 Q2 / Uy, (7
where U,, X — concentration of benzapyren in air,
Hg / m?;

Cx — concentration of benzapyren in the sample
concentrate, pg / cm?;

Uk — volume of the sample concentrate, cm?;

Q: — is the dilution factor of hexane extract. If the
entire volume of the extract is taken for analysis, then
Qi=1;

Q2 — is the dilution ratio of the concentrate of the
sample;

U, — is the volume of air selected for analysis and
brought to normal (investigation of atmospheric air:
pressure 760 mm mercury column, temperature 0°C) or
standard conditions (study of the air working area:
pressure 760 mm mercury column, 20°C), m3.

the program
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Evaluation of the effect of the concentration includes
determining concentrations of chemical substances that
affect the person during the period of exposure.

Taking samples of benzapyren in the air on the
territory of the agro-industrial complex was carried out in
the field on the border of sanitary zones of 3 industrial
facilities. The objects were chosen so that the next
working vehicles. All objects in their work use the
technological process of burning different types of fuel.
Then the samples were delivered to the laboratory and,
according to the current method, the concentrations of
benzapyren were determined.

Concentrations of benzapyren, which were
determined empirically compared with concentrations
that were calculated by mathematical modeling separately
for stationary and mobile sources.

A good numerical value of the results of calculations
and laboratory proves the correctness of the proposed
method of calculating the characteristics of risk
assessment and its acceptability for practical application.

As a result of the study of the action of the
carcinogenic toxicant (benzapyren) in the air that is in the
emission of harmful substances of mobile and stationary
anthropogenic sources of the area, the concentration of
which is 0.0087 mg / m® - the toxicant's risk factor
is 10° mg.

Population risk is an aggregated measure of the
expected frequency of effects among all affected
individuals [10].

Let, for example, on the territory of the agro-
industrial complex "Pushcha-Voditsa" live a population
of 10 thousand people for 3 years constantly (24 hours a
day) exposed airborne toxicant carcinogen,

For example, in our case, the number of cases of
cancer in a population that has been exposed to a toxicant
on the research object is additionally 1 man of
10 thousand a man during 3 years [2].

Risk assessment can consider past, present and
future impacts with different parameters for each phase
[11].

If to speak differently, modeling the future,
measurement of real analysis and summation of the
biological effects of past impacts.

US federal agencies that are developing regulations
that set health risk standards are based on the lower
theoretical individual risk, which is equal to, according to
EPA (Environmental Protection Agency) standards, 10-6,
which corresponds to an increase in probability death for
one chance per million - for 70 years of human life [2].

Benzapyren enters the environment from stationary
and mobile sources of agriculture and accumulates in it.
Benzopyren penetrates into plants, which then serve as
feed for livestock or used in human nutrition. The
concentration of benzapyren in plants is higher than its
content in the soil, and in food (or feed) is higher than in
the feedstock for their manufacture. It's a
bioaccumulative effect [12].

Conclusions

1. The study of the proposed methods and models,
according to the author, will allow practitioners and

scientists, based on the use of the proposed mathematical
apparatus for analysis (or further development), to
minimize risks and optimally manage them, especially in
areas with high technogenic loads.

2. The knowledge gained can be useful in practice
activity at:

- development of recommendations on possible
regional measures;

- level aimed at reducing the negative impact of
environmentally hazardous industrial and agricultural
production;

- forecasting of economic development of agro-
industrial regions, taking into account the anthropogenic
load on the environment;

- identification of critical territorial areas where
reducing uncertainty leads to the most -effective
assessment of risk reliability and thus provides the best
ways to reduce it; increase not only the life expectancy of
the population, but also improve its quality.
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OLIHKA PU3UKY J1JIA 3/]I0POB'SI HACEJIEHHS
BIJI BUKWIB IIKIJJJIMBUX PEHOBMH
ATPOITPOMMUCJIOBUM KOMITJIEKCOM
M. B. Cemenenko

Y craTrti mpeacTaBieHi pe3yabTaTH
eJleMEHTa MaTeMaTH4YHOI MOJell IS

AHoOTAaNig.
OCIIIKEHHS

PO3paxyHKY KUTBKICHOTO PH3HKY 3J0POB'I0 HACEICHHS,
SIKE TIPOKMBA€E Ha TCXHOTCHHO-HABAHTAXKCHOI TCPUTOPIIi.
ABTOp TIPONIOHYE MAaTEMATHYHUNA I1HCTPYMEHT, SIKHHA
JTO3BOJIUTH 3poOuTH eKCIIpec-aHami3 BILIMBY
KaHI[CPOTeHY, IO 3HAXOIWTHCSA B TOBITPi, HA KUIBKICTh
OHKOJIOTIYHHX 3aXBOPIOBaHb Yy TMOMYJIsmii. Pe3ympraTtn
JOCTI/UKCHHS MAaroTh MPAaKTHYHE MIiATBEPUKCHHSA 3
BUCOKUM CTYIICHEM a}ICKBaTHOCTi. BuBuenns
3alPONIOHOBAHUX  METOMIB 1 MoOJened  JO3BOJUTh
MpaKTUKaM 1 BYEHMM Ha OCHOBi 3ampONOHOBAaHOTO
MaTeMaTHYHOTO amapaTy aHamizy (abo mogabmoro
PO3BUTKY) MiHIMI3yBaTH PH3UK i ONTHMAIBHO KEpyBaTH
HUM, OCOOJIMBO B paliOHAaX 3 BHUCOKMMHU TEXHOTCHHUMH
HABAHTAKCHHSIMH.

Takum ywHOM, JaHWil miAXiL Moxe OyTH
3aCTOCOBAHUH JI0 aHaJi3y, MPOTHO3YBaHHs Ta PO3POOKH
3aX0fiB IIOM0 3a0e3MeueHHs Oe3MeKH MPOKHBAHHS
HACEJICHHS Ha TCXHOTCHHO — HANPYKCHUX TEPUTOPISIX.

KiiouoBi cioBa: oIiHKa pH3WKY, MaTeMaTHYHA
MO/IeNTb, TEXHOTEHHO-HABaHTA)KEHa 00JIacThb, CTaIlioHapHI
i MOOiNBHI JKepena, KaHIEPOTEH, IOBITPSA, EKcIpec-
aHali3, IPOTHO3YBaHHS, Oe3IeKa.

OLIEHKA PUCKA JUIA 310POBbA HACEJIEHU A
OT BbIEPOCOB BPE/IHBIX BEIIIECTB
AT'POITPOMBIIIIJIEHHBIM KOMITJIEKCOM

CemeHeHKO M., KaHIUJAT TEXHUYECKUX HAYK, JOUEHT
HarnmonansHBIN YHUBEpCUTET OHOPECYPCOB H
MIPUPOAOTIOTH30BAHUS Y KPAUHEI
M. B. Cemenenko
AnHoTanms. B craTthke mpencTaBiIcHBI pe3yNbTaTHI
HCCIIEIOBAHMS JJIEMEHTA MAaTEMATHYECKOM MOJIENH IS
pacdueTa KOJMYECTBCHHOTO PHCKA 3OPOBBIO HACCICHHS,

IIPOKUBAIOLIETO Ha TEXHOI€HHO-Harpy>K€HHOMI
TEPpUTOpUH. ABTOp TpeIylaraeT MaTeMaTHYeCKHH
MHCTPYMEHT, KOTOPBI IO3BOJUT CIE€NaTh 3KCIIpecc-

AHAJIN3 BIUAHUA KaHueporeHa, HaxXoasamerocs B BO3}1yXC,
Ha KOJMYECTBO OHKOJOTMYECKMX 3a00JIEBaHUIl B
OIS IHH. PesynbraTh HCCIENOBAHUSL  HMEIOT
MPAaKTUYECKOEC TIOATBEPKIACHUE C BBICOKOW CTEICHBIO
aJICKBaTHOCTH. V3y4eHHe TMpPeIIoKEHHBIX METOJOB U
MOJIeJICH TO3BOJIUT MPAKTUKaM H YYCHBIM Ha OCHOBE
MPE/IOKEHHOTO MAaTeMaTUYECKOro arnmapara aHaln3a
(WU nanpHEWIero pasBUTHS) MUHHUMU3UPOBATH PUCK U
ONTHMAJBLHO YIPaBISITh MM, OCOOCHHO B paioHax c
BBICOKUMH  TEXHOTCHHBIMH  Harpy3KamH. Taxum
o0pa3oM, MaHHBI IMOAXOJ MOXET OBITh TNPHMEHEH K
aHaJK3y, MPOrHO3UPOBAHUIO U Pa3pabOTKe MEPONPUSITHI
1o o0ecredeHno0 0e30IIaCHOCTH TIPOKMUBAHUS HACEICHUS
HA TeXHOTE€HHO-HATPYKEHHBIX TEPPUTOPHUSIX.

KiroueBble cj10Ba: OI[CHKA PUCKA, MAaTEMaTHYCCKAst
MOJIENb, TEXHOTECHHO-HArPYyKEHHAS 00J1acTh,
CTaLII/IOHale)Ie nu MO6I/IHLH])I€ HUCTOYHHKH, KaHueporeH,
BO3/YX, JKCIIPECC-aHaIN3, MIPOTHO3UPOBAHNE,
0e30MIacHOCTb.
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