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Abstract. The article considers an algorithm for assessing professional risk
for employees of energy production enterprises using sources of ionizing
radiation. The problematic issues in determining the professional risk of
employees are identified and the ways of their solution are proposed. There
are also two criteria for assessing professional risk: "Dose load" and
"Permissible work experience". When assessing professional risk, it is
proposed to take into account the impact on the environment and sustainable
development of society.

1 Introduction

In our life, both at home and at work, a large number of different sources of ionizing radiation
(AI) are used, which, if standard operating conditions are met, do not pose a threat to life and
health (there is no excess of the control values laid down in NRB-99/2009 [1]. However,
accidents and accidents are not uncommon at Al facilities. Therefore, there is a need to assess
the damage caused by such abnormal situations during the operation of these facilities, and
its main purpose is to calculate the radiation consequences for employees of enterprises,
citizens and nature, as well as the damage expressed in material resources. [2, 3]

In recent years, the concept of occupational risk has been introduced with the transition
of the occupational health and safety management system to risk management. [4-8] This
raises the question of developing risk assessment methods. However, due to the specific
impact of radiation on humans, the calculation of occupational risk for employees of
enterprises using radiation sources is very different from the standard approaches to such
calculations at other facilities.[9-12]
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2 Methods

In order to understand what is expressed in the specificity of exposure, you first need to
understand how radioactive substances enter the human body.

There are several ways of getting substances into the human body, each of them entails a
corresponding dose: inhalation, oral, external radiation. The effect of each dose depends on
the performance of the source, its characteristics: this implies the consequences for the
employee of the enterprise that he will receive in the event of an accident at the facility. [ 13].

Thus, it is possible to present an "algorithm" for determining the occupational risk for
employees of radiation hazardous objects. The algorithm is based on the modeling method
(i.e., the construction of the accident model) and the calculation and analytical method.

The algorithm itself is shown in figure 1.
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Fig. 1. Algorithm for determining professional risks.

Before assessing occupational risks, it is necessary to calculate the dose that a person will
receive as a result of an accident. This calculation includes two equal components, namely:
the dose of external irradiation (through the skin) and the dose of internal irradiation, the last
in turn also divided into two components: the dose with inhalation and dose upon ingestion
(Figure 2).
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Fig. 2. Scheme of calculation of human exposure.

Calculation of human exposure can be done using the following formulas [14, 15]:
The dose of external irradiation (Eex, Sievert (Sy)) of the formula:
Eext=AvBt, (1)

where: Ay - surface volumetric activity of the radionuclide on the axis of the torch at a distance
of x meters from the source (in the direction of the wind), Bk / m?; B - dose coefficient for
external exposure, taking into account the type of particles that irradiation occurs (gamma,
beta or joint), Sv'm*/Bk; ¢ - duration of impact of the radioactive cloud, sec.

For internal irradiation with an inhalation intake of a radionuclide, the effective dose (Eing,
Sy) according to the formula:

Eing =Av Bing' Leff, @

where: A4y - volume activity of the radionuclide in air, Bk/m?; Bing - dose rate of internal
exposure when inhaled radionuclide intake into the human body, Sym’/Bk S; e - is the
effective time of exposure of the radionuclide radionuclide to the recipient, sec.

For internal irradiation with ingestion of the radionuclide, the effective dose (Ezag, Sv)
according to the formula:

Ezag =Am B zag leff, ©)

where: A is the activity of a unit mass of the swallowed substance, Bk/kg; Byaz - dose
coefficient of internal irradiation with ingestion of a radionuclide into the human body,
S, m*/Bk’s; terr - is the effective time of exposure of the radionuclide ingestion.

For a number of commonly used radionuclides, Ei,s and E.; and Ecy are listed in Table

2.
Table 1. Eing and Ezsg and E ext for a number of commonly used radionuclides.
Exgg, Sv
Radionuclide with inﬁ;q;:’tiirn (Eng) | when sv]i;qﬁlzv%evd (Eng) | . VVith external
ne “&] | irradiation (E ext)

Pu-238 1,510° 23107 3.810°16

Pu -239 1,510° 25107 351016
Am-241 3.910° 2,0107 8,910
Cs-137 4,810° 1,310% 2,710°12

0Co 56108 3,410 1,210

If the calculation of the consequences from possible accidents at a radiation hazardous
facility is practically not difficult (with the exception of collecting information about the
facility, but this is already a matter to be solved directly at the facility), the stage of assessing
occupational risks causes difficulties, primarily because of the absenceof criteria.

One of such criteria can serve as "Dose load" and "Limits of work experience".
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So, to assess the degree of impact on the worker, we will determine the dose load for the
entire period of the actual or anticipated exposure to radiation, that is, the amount of dose the
worker receives during the whole period of professional contact with radiation:

DL = KxtxNxT+Dy, @
where: K - the actual average radiation level in the workplace, uSv/ h; t - the number of hours
in the shift, h, N - the number of working shifts in a calendar year; T - number of years of
work; The dose actually received by the employee as a result of an accident with a radioactive
substance, puSv (in the absence of accidents, is 0)
In this case, the value of D, is taken as the sum of all the doses received by the employee
as a result of all accidents for all periods of work:

D =D +D,+..+D,, @

where: D1, D, - the dose actually received by the employee as a result of an accident with a
radioactive substance, during the time of a single accident, pSv.

This values DL are compared with the value of the control dose load (KDL) formed under
the condition of observing the mean-for-age acceptable level of radiation during the entire
period of professional contact with radiation. The value of the KDL is calculated depending
on the actual or anticipated length of service, the remote control radiation in the workplace:

KDL = RCRxtxNxT, )
where RCR is the middle level in the workplace, uSv / h.

If the actual dose load corresponds to the control level, the working conditions are referred
to the permissible hazard class of working conditions and confirm the safety of continuing
work under the same conditions.

When the KDL is exceeded, it is necessary to calculate the work experience (T) at which
the DL will not exceed the KDL. At the same time, it is recommended that the KDL be
determined for an average work experience of 25 years. In those cases where the duration of
work is more than 25 years, the calculation is made based on real work experience.

KDL,
K-N-t+D,’
where T is the limitted work experience under the given conditions; KDLys - control dose

load for 25 years of operation under conditions of compliance with the remote control, pSv.
In this case, the value of K is taken as the average amount for all periods of work:

K t+K¢t+..+K, -t

Z ; ’ (@)

where: Kj, K, - the actual average radiation level in the workplace, for individual work
periods, uSv / h; t; - t, - periods of work during which the actual radiation levels were
constant, year.

For clarity, let's take a production employee belonging to the group b staff, with a real
work experience of 15 years, working 8 hours, an average of 247 shifts per year, with an
actual average shift radiation level at the workplace equal to 1.8 mSv/hour, and who during
his activity was involved in accidents, as a result of which he received a Yes equal to 15 mSv
(approximately 1 mSv/year). We will also assume that outside of work, as the "population”
receives 1 mSv per year (natural background radiation, radiation from medical procedures,
etc.). Using the initial data, we calculate the necessary values: Calculate the Dose load and
compare the Control dose load: DL = KxtxNxT+Da=0,018x8x 247 x 15 +15= 68,35 but
taking into account 1 mSv per year, received as "population", DL = 83.35, which,
respectively, is more than KDL (for simplification, we take the KDL for 15 years equal to 75
mSyv, and for 25 years -125 mSv).

1 (6)

K=
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Calculate the allowable length of service in these conditions (T}), also taking into account

1 mSv per year, received as «populationy:
KDL
T, = [T':;as = 22,5years ®

This calculation allows us to find out the estimated allowable length of service (in our
case, it is 22.5 years) after which we need to transfer a person to a safe job to reduce the risk
to their health. But at the same time, it is necessary to understand that this calculation is
approximate, with a number of assumptions that can significantly affect the result of
calculating the allowable length of service and, accordingly, requires more detailed study.

3 Conclusion

Calculation of occupational risks for employees of enterprises using ionizing radiation makes
it possible to calculate the forecast of occupational risks (this issue is widely considered in
the work "Method of forecasting occupational risks" [5]), as well as to identify areas for
improving employee safety.

Therefore, determining the criteria for assessing occupational risks is a priority task for
improving the safety of employees of enterprises using radioactive substances.
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