RADIATION RISK GROUPS OF NSC KIPT PERSONNEL
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The characteristics of the NSC KIPT personnel registered on individual dose control in 2017 in terms of the
“dose matrix” are given. The methodologies UNSCEAR-94, BEIR VII, ICRP 2007, currently used to calculate
individual radiation risks are described. The main results of calculations of the relative, attributive and absolute
radiation risks of personnel for 2017 for various localizations and different groups of radiation risks, banded

according to the different methodologies are presented.
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INTRODUCTION

Occupational diseases are a large number of diseases
that cause not only loss of working capacity, but also
deaths of people. On the average for European
countries, the annual number of occupational cases
diseases per 100.000 workers is 30.1 [1]. In Ukraine,
this indicator for 2013 is equal to 13.3. This may be due
to the lack of identification of occupational diseases
cases because of different approaches to identify the
criteria for occupational diseases diagnostics and the
government attitude to the problem in whole.

The fatal accidents rate per 100 thousand employees
in Ukraine in 2013 was 11.3 [2].

Over the last 20 years, the average annual dose of
NSC KIPT personnel that are on individual dose control
(IDC) is 1.42 mSv/year. The average individual annual
radiation risk of cancer, associated with irradiation at
such a dose calculated by the ICRP coefficients, is
0.0584-107, or 5.84 cases per 100.000 people. The risk
of hereditary diseases from a such dose in the first two
generations is 0.17 per 100.000 people, and the total
radiation risk is 6.01 cases per year per 100.000 people.

Thus, the radiation risk of NSC KIPT employees is
comparable and it does not exceed the risk of employees
in many other common occupations in the world.

Nevertheless, according to radiation-epidemiological
data [5], obtained from a representative sample of
participants in the liquidation of the consequences of the
Chernobyl accident, small doses are statistically
significant risk factors for the occurrence of malignant
neoplasm (MN), and the maintenance of the dose-effect
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relationship for radiation cytogenetic markers in somatic
cells of irradiated persons with MN in the long term
after the Chernobyl accident confirms the radiogenic
character of these diseases. The dose dependence of MN
in this group is not monotonous, a maximum of
10...15 cGy, a minimum of 25 cGy [5]. However, it is
commonly believed that the practical risk of MN begins
after a dose of 10...15 cGy [6]. And the question of the
action of small doses of radiation is still open.

Thus, the purpose of this paper is to calculate the
radiation risks of NSC KIPT personnel registered on
IDC in 2017 for various localizations and various
groups of radiation risks.

1. CHARACTERISTICS
OF THE PERSONNEL OF THE NSC KIPT,
CONSISTING OF THE IIR

305 employees, 246 men (80.7%) and 59 women
(19.3%) was registered on IDC in NSC KIPT at the
beginning of 2018. The average age of men in this
cohort was 61 years, women — 56 years. The average
length of service years on IDC among men was
23 years, among women — 21 years. The average
accumulated dose for men was 62.41 mSv, for women —
43.21 mSv. The distribution of personnel by sex and
age, length of service years on the IDC and the
accumulated dose, as well as the accumulated dose
dependence from the age and the length of service years
are shown in Figs. 1-4. The trends of the average and
maximum annual doses for this cohort over the working
experience are shown in Fig. 5.
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Fig. 1. Distribution of personnel by sex and age
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Fig. 2. Distribution of personnel by sex and length of service years on IDC
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Fig. 3. Distribution of personnel by sex and accumulated dose
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Fig. 4. The accumulated dose dependence from age and length of service on the IDC years

About half of the personnel at the DCO are people  weighted average annual doses and the dependence of
aged 60 years and over who have experience at the IDC ~ weighted average annual doses from service years on
for 20 years or more (see Figs.1, 2). 36% of the IDC are shown in Fig. 6.
personnel have greater than 50 mSv accumulated a dose Table 1
(see Fig. 3). The accumulated dose dependences from The personnel weighted average doses
age and length of service at IDC have an exponential
nature (see Fig. 4). The average annual dose since 1993 Personnel

Weighted average annual doses, mSv

does not exceed 2 mSv (Fig. 5). min average max
The main characteristics of the personnel annual Men 0.29 1.52 4.94
doses, weighted average by the IDC experience, are Women 0.08 101 >4

shown in Tabl. 1. The distribution of personnel by

All 0.08 1.42 4.94
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Fig. 6. Distributions of personnel by weighted average annual dose

2. RADIATION RISKS CALCULATING
MODELS

The IAS IDC software are currently using the
UNSCEAR-94 UNSCEAR [7], BEIRVII [8],
ICRP 2007/Preston 2007 [9, 10] models to calculate
individual radiation risks for NSC KIPT personnel.

All these models suggest to use the linear
dependence of the risk from the received dose to
calculate the radiation risks of solid cancers and to use
the linear-quadratic dependence to calculate the
leukemia risk, and also include a modifying exponential
function that takes into account the effect from the age
while irradiation and the effect from the age in the target
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year. They differ by the values of these functions
coefficients and the values of the weight coefficients to
determine the degree of dependence of radiation risk
from the background oncological diseases.

Thus, the UNSCEAR-94 model assumes a 100%
linear dependence of solid cancers radiation risks from
the background incidences — it prefers a multiplicative
ERR (excess relative radiation risk) model for solid
cancers. And for leukemia the UNSCEAR-94 uses an
additive EAR (excess absolute risk) model — zero
dependence of the leukemia radiation risk from
background incidences.

The BEIR VII model uses both EAR and ERR
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models to calculate radiation risks. It uses 0.7 weight for
the ERR model for solid cancers (except lung, thyroid
and female breast cancers) and for leukemia, and 0.3
weight for the EAR model. For lung, the BEIR VII
weighting factor of the ERR model is proposed to be
0.3. For the thyroid gland — 1 (ERR-model), for the
breast — 0 (EAR-model).

Models ICRP 2007 and Preston 2007 use the same
functions to calculate risks and differ only by the coeffi-
cients for some localizations of solid cancers. They
completely copy the UNSCEAR-94 EAR model to
calculate the leukemia risk. For solid cancer ICRP 2007
and Preston 2007 propose to use 0.5 weight coefficients
for ERR and EAR models, except for lung, thyroid and
breast cancer risks. For risks of lung cancer, thyroid and
breast cancer its use the same weight coefficients of the
ERR model (0.3, 1, 0) as BEIR VII model.

The BEIR VII model offers also the coefficients to
calculate the upper and lower bounds of 95%
confidence intervals (Cls) of risks. The Preston 2007
model offers coefficients to calculate the upper and
lower bounds of a 90% CI of risks.

The UNSCEAR-94, BEIR VII and
ICRP 2007/Preston 2007 models are presented below.

The ERR-model of UNSCEAR-94 to calculate the
relative radiation risk of solid cancers is:

ERRM(S, A g)= a,, xD, xexp (b, x(g—ZS)), (1)

where Dg is the radiation dose (in Sv) at the age g; a
and b are the parameters that depend on the sex s and
oncology localization /.

The UNSCEAR-94 EAR model for calculating the
absolute radiation risk of leukemia is:

EAR ,;, (s,g.u)=a,,xD,x(1+0.79-D, )
xa¢(—@gx@—g—2ﬂ)

where @ and b are parameters that depend from age at
exposure g and sex s.

The weighted geometric mean of the absolute
radiation risk in the BEIR VII and ICRP 2007 / Preston
2007 models is calculating by the formula:

)

EAR = (EAR,,)" - (EAR '™, 3)

where EARp is the absolute radiation risk value
calculated by the multiplicative ERR model, and E4AR,
is the absolute radiation risk value calculated by the
additive EAR model.

In BEIR VII, the EARz and EAR, values for solid
cancers are calculating using the formulas:

EARgop, (D, s, g,u)=my - By D, exp(yy, - g*)- (u/60)™, 4)
EARsoy, 4 (D, S, 8> u) =my - By Dy eXp(?’A g *) (11/6())77’1 ) 4)
g_—30 s g< 30’
where g* = 10
0, g 230,

B, 1, n—the model parameters; g — age at exposure of dose Dg; u — age for which the radiation risk is calculated.
To calculate the risks of leukemia, BEIR VII uses the following formulas:

u— u—

25

u— u—
EAR,p, ,(Dy.5.2.u0)= Bay (Dg +0ADg2)exp(;/A g *+5~ln( 25gj+¢,4 -g*-ln( gj), %)

g-30 :
where g*x=2 10 ° g <30;
0, g=30,

B, 1, 6, ¢ —the model parameters.

25

In ICRP 2007/Preston 2007, the EARy and EAR, values for solid cancers are calculated using similar formulas.
The difference is that the value of the coefficients are given for the attained age of 70, rather than 60 years. And the
influence of age upon irradiation on the risk value is taken into account over the whole period of time, not just up to

30 years:
yr £-30 u )™
EAR D, ,s,g.,u)= D, exp(——-=—) | — , 8
M)LR( >S5 & ) Bry D, p(IOO% o )(7()) 3
ya_ =30, (u )"
EAR D,,s,g,u)=mygy - B, D, eXp(—— - =—)-| — | , 9
b()LA( e>5, 8 ) 0" Bas p(IOO% o )(7()) 9

where S, y, 7 —model parameters; g — age at exposure to
dose Dg; u — age for which the radiation risk is
calculated.

In all three models, risks are calculated for such
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localizations of solid cancers as: lung, stomach, liver,
colon, bladder, female breast. The differences between
the models in the remaining calculated localizations are
shown in Tabl. 2.

ISSN 1562-6016. BAHT. 2018. Ne5(117)



Table 2
The differences between the models

ICRP/
Localizations | UNSCEAR-94 B\}/EIIIR Preston
2007
Gullet + - +
Thyroid gland - + +
Ovary - + +
Prostate — + —
3. THE RESULTS OF RADIATION RISKS
CALCULATIONS

The main results of calculations of radiation risks for
2017 according to UNSCEAR-94, BEIR VII models
(the upper limit of 95% CI), Preston 2007 (the upper
limit of 90% CI): relative risks (ERR), attributable risks
(AR) and the absolute risks (EAR) are presented in
Tables 3-5.

The background cancer incidence data of Kharkiv
region in 2014 from [11] were used for calculations.

4. RADIATION RISK GROUPS

The assessment of individual radiation risks is
carried out primarily for the purpose of implementing
the concept of social acceptable risk: according to
international practice and the current Norms of
Radiation Safety of Ukraine (NRBU-97), an acceptable
individual absolute radiation risk upon technogenic
exposure of personnel in the normal mode of operation
should not exceed the value 10~ per year [12, 13].

In terms of the absolute radiation risk, the personnel
working with sources of ionizing radiation could be
referred to one of the following groups of absolute
radiation risk:

—negligible risk: EAR 1 < 10'4;

— acceptable risk: 10 EARa 107;

— high radiation risk: EAR o1 > 107.

An attributive radiation risk shows the association of
cancer with occupational exposure. In some European
countries, personnel working with IRS could receive co-
mpensation payments in the case of cancer, if the value
of attributive risk exceeds the established thresholds,
usually 20...75%, depending from localization [14].

Tabl
The personnel excess radiation risks of 2017, UNSCEAR-94 model e
Localizations - ERR, % - AR, % - EAR, *10°

Min Average | Max Min Average | Max Min Average | Max
All tumours 0.00 1.74 18.41 0.00 1.66 15.55 0.000 0.245 3.050
All solid tumours 0.00 1.61 18.52 0.00 1.53 15.63 0.000 0.236 3.010
Leukemia 0.00 5.40 35.41 0.00 4.86 26.15 0.000 0.009 0.052
Lung 0.00 3.12 28.97 0.00 2.84 22.46 0.000 0.060 0.592
Bladder 0.00 5.86 68.09 0.00 5.03 40.51 0.000 0.062 0.923
Female breast 0.00 1.13 16.11 0.00 1.04 13.88 0.000 0.017 0.221
Liver 0.00 2.86 39.46 0.00 2.62 28.30 0.000 0.006 0.084
Colon 0.00 1.80 20.54 0.00 1.71 17.04 0.000 0.023 0.310
Stomach 0.00 0.64 7.03 0.00 0.63 6.57 0.000 0.007 0.076
Esophagus 0.00 2.51 36.22 0.00 2.25 26.59 0.000 0.004 0.037
Other sites 0.00 1.28 17.30 0.00 1.23 14.75 0.000 0.110 1.656

Table 4

The personnel excess radiation risks of 2017, BEIR VII model (the upper limit of 95% CI)
Localizations - ERR, % - AR, %% - EAR, *10°

Min Average | Max Min Average | Max Min Average | Max
All tumours 0.00 1.97 21.83 0.00 1.88 17.92 0.000 0.273 3.617
All solid tumours 0.00 1.71 19.14 0.00 1.64 16.07 0.000 0.235 3.112
Leukemia 0.03 12.84 161.52 0.03 9.96 61.76 0.000 0.038 0.505
Lung 0.00 3.54 54.87 0.00 3.06 35.43 0.000 0.061 1.122
Bladder 0.00 5.76 60.69 0.00 4.94 37.77 0.000 0.049 0.822
Female breast 0.00 1.72 15.03 0.00 1.62 13.06 0.000 0.025 0.156
Liver 0.00 4.46 52.37 0.00 4.01 34.37 0.000 0.008 0.112
Colon 0.00 3.11 30.06 0.00 2.92 23.11 0.000 0.036 0.454
Stomach 0.00 1.99 17.87 0.00 1.91 15.16 0.000 0.021 0.229
Thyroid 0.00 6.55 72.81 0.00 3.89 32.68 0.000 0.002 0.033
Uterus 0.00 0.71 3.89 0.00 0.70 3.74 0.000 0.005 0.020
Ovary 0.00 2.90 14.76 0.00 2.71 12.86 0.000 0.010 0.045
Other sites 0.00 1.35 12.72 0.00 1.31 11.28 0.000 0.078 0.885
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Table 5

The personnel excess radiation risks of 2017, Preston 2007 model (the upper limit of 90% CI)

Localizations - ERR, % - AR, % - EAR, *10°

Min Average | Max Min Average | Max Min Average | Max
All tumours 0.00 1.11 11.76 0.00 1.08 10.52 0.000 0.145 1.948
All solid tumours 0.00 0.97 11.74 0.00 0.94 10.51 0.000 0.136 1.908
Leukemia 0.00 5.40 3541 0.00 4.86 26.15 0.000 0.009 0.052
Lung 0.00 3.53 68.66 0.00 2.97 40.71 0.000 0.058 0.987
Bladder 0.00 10.37 | 250.14 0.00 6.63 71.44 0.000 0.099 2.289
Liver 0.00 19.81 487.85 0.00 10.48 82.99 0.000 0.039 0.833
Colon 0.00 4.51 103.01 0.00 3.72 50.74 0.000 0.065 1.555
Other sites 0.00 1.95 27.25 0.00 1.83 21.41 0.000 0.169 2.604

Table 6

Comparison of the values of the personnel main characteristics and risks in the total absolute radiation risk groups
generated by the UNSCEAR-94, BEIR VII, Preston-2007 models

Value UNSCEAR-94

Preston-2007
(upper limit of 90% CI)

BEIR VII
(upper limit of 95% CI)

High absolute radiation risk group

Group size 17 pers. (5.5%) 26 pers. (8.4%) 1 pers. (0.3%)
Age, years 75163, 84] 79 [63, 91] 84
Experience on IDC, years 50 [38, 58] 52 [38, 58] 58
Accumulated dose, mSv 225.54 [159.45,582.53] | 215.04[161.44, 582.53] 582.53
EARA L, *107 1.2607 [1.0112, 3.0503] 1.2728 [1.0138, 3.6171] 1.9484

Socially acceptable absolute radiation risk group
Group size 112 pers. (36.4%) 117 pers. (38.1%) 112 pers. (36.4%)
Age, years 70 [51, 91] 68 [51, 87] 72 [54, 91]
Experience on IDC, years 38 [14, 58] 3414, 55] 41 [15, 58]

Accumulated dose, mSv

98.37 [34.27, 211.57]

83.24 [25.98, 187.18] 120.78 [37.07, 269.05]

EAR,;, *107

0.4531 [0.1034, 0.9995]

0.4045 [0.1002,0.9913] | 0.3478 [0.1002, 0.8196]

Negligibly small absolute radiation risk group

Group size 178 pers. (58.1%) 164 pers. (53.5%) 194 pers. (63.3%)
Age, years 50 [24, 82] 48 [24, 81] 51 [24, 82]
Experience on IDC, years 101, 29] 91, 29] 111, 33]

Accumulated dose, mSv

15.35[0.21, 53.16]

13.75[0.21, 51.79] 17.91 [0.21, 70.76]

EAR,;, *10°

0.0169 [0.0000, 0.0968]

0.0203 [0.0000, 0.0966] | 0.0193 [0.0000, 0.0984]

The personnel also could be divided by attributive
risk groups by the values of solid cancers (ARgop),
leukemia (AR gy) and respiratory systems (ARggsp)
attributive risks:

— negligible risk: ARgop <10%, AR gy <50%,
ARggsp < 20%;

— potential risk: ARgor > 10%, or AR gy > 50%, or
ARggsp > 20%;
high  potential  risk:
ARLEU > 75%, or ARRESP > 30%.

The values of the personnel main characteristics and
risks by the groups of absolute and attributive radiation
risks generated with different models are given in the
Tables 6 and 7. In square brackets the minimum and
maximum values of indicators in the risk group are
given, before them — the average values of indicators.

As can be seen from Tabl. 6, the high absolute radi-
ation risk group generated by the results of BEIR VII

ARSOL > 20%, or
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model has the biggest group size: 26 people — 8.4% of
the personnel. The average age of the group is 79 years
(the minimum — 63 years), the average length of service
years at IDC is 52 years (min — 38 years), the average
accumulated dose is 215.04 mSv (min — 161.44 mSv).

In Fig. 7 the distribution of background cancer
incidence values of solid cancers and leukemia is
shown. As we can see from this figure the background
cancer morbidity in solid cancers for women over
35 years and men over 40 years exceed the established
risk limit of 10~/year, that indicates a rather vulnerable
general health status of the population.

According to [5, 15], about 30...35% of oncological
diseases in the world are associated with smoking,
35...40% — with unhealthy diet, 4...5% — with the
professional activity, 1...2% — with environmental
pollution, 2...3% — alcohol consumption, 4...5% -
ionizing radiation, 2...3% — ultraviolet radiation. A
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fresh vegetables and fruits diet in combination with high

physical activity can prevent more than 20% of lung  60.
cancer, 33% of breast cancer, 66% of colon tumors.

..70%.

Quitting smoking reduces the probability of cancer by

Table 7

Comparison of the personnel main characteristics and risks in the total attributive radiation risk groups generated by

the UNSCEAR-94, BEIR VII, Preston-2007 models

Value

UNSCEAR-94

BEIR VII
(upper limit of 95% CI)

Preston-2007
(upper limit of 90% CI)

High potential attributive radiation risk group

Group size 0 pers. (0%) 3 pers. (0.9%) 4 pers. (1.3%)
Age, years — 82 [80, 84] 84 [80, 91]
Experience on IDC, years — 54 [53, 58] 5553, 58]

Accumulated dose, mSv

307.78 [162.64, 582.53]

276.38 [162.64, 582.53]

EAR,1p, ¥10-3

1.7998 [0.8277, 3.6171]

0.9073 [0.5399, 1.9484]

Potential attributive rad

iation risk group

Group size 3 pers. (0.9%) 3 pers. (0.9%) 3 pers. (0.9%)
Age, years 82 [78, 84] 77 [63, 91] 80 [77, 86]
Experience on IDC, years 54 [53, 58] 49 [38, 58] 51 [46, 55]

Accumulated dose, mSv

309.66 [162.64, 582.53]

211.69 [182.19, 269.05]

154.85 [111.63, 183.83]

EAR,;, *10°

1.5584 [0.6015, 3.0503]

1.1182 [1.0388, 1.2165]

0.4976 [0.3748, 0.6417]

Negligibly small attributive

radiation risk group

Group size 304 pers. (99.1%) 301 pers. (98.2%) 300 pers. (97.8%)
Age, years 58 [24, 91] 58 [24, 87] 58 [24, 87]
Experience on IDC, years 22 [1, 58] 22 [1, 56] 22 [1, 56]

Accumulated dose, mSv

54.79 [0.21, 269.05]

53.24 [0.21, 260.21]

53.38 [0.21, 269.05]

EAR, 1, ¥107

0.2319 [0.0000, 1.4792]

0.2492 [0.0000, 1.6620]

0.1317[0.0000, 0.8196]
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From the results of Tabl.7, the group of high
attributive radiation risk formed according to the results
of the Preston-2007 model has the maximum count of
personnel (4 people — 1.3% of personnel). The average
age of the group is 80 years (the minimum age is
77 years), the average length of service years at the IDC
is 51 (min — 46 years), the average accumulated dose is
154.85 mSv (min — 111.63 mSv). In a case when the
person from the given group has a cancer disease, it can
be acknowledged a professional disease.

All personnel below 51 years old with a length of
service years at IDC up to 14 years were referred to the
group of negligible absolute radiation risks by all three
methods of calculation, which indicates a sufficiently
high level of radiation protection for NSC KIPT
personnel working with sources of ionizing radiation.

CONCLUSIONS

The calculated NSC KIPT personnel radiation risks
data allows us to conclude the following:

— over the last 20 years the NSC KIPT personnel
received minimal additional professional doses, which
can not cause a significant increase in the probability of
cancer in the future;

— the high absolute risks of personnel are associated
with the old age (high background values of cancer
cases) and high doses received before 1993;

— the 4 employees of the NSC KIPT (minimum age
is 77 years, minimum length of service years is 46) in a
case of cancer disease could ask for material help due
professional disease becase they have high attributive
radiation risks according to the Preston-2007 model.
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T'PYIIIBI PAIUAIIMOHHBIX PUCKOB ITEPCOHAJIA HHI] X®TH
A.B. Ma3unoe, H.A. Cmaonuk

[Jana xapakrepucruka nepcoHana HHL X®TH, cocrosmero Ha MJIK B 2017 roay, B TepMUHAX «J030BOW MaTpHLIbD».
Onucansl mMetoponorun UNSCEAR-94, BEIR VII, ICRP 2007, ucnons3yemble B HacToOsALlee BpeMs [Jis pacyeToB
WHIMBUAYAIbHbIX PaMaLMOHHBIX PUCKOB. [lpeacraBieHbl OCHOBHBIE pe€3yJbTaThbl BBIYMCIEHUH OTHOCHUTENIBbHBIX,
a0COMIOTHBIX M aTPUOYTUBHBIX PUCKOB Ha 2017 rox ansd pasznuyuHbIX JIOKaIM3aLUMH 3710KaueCTBEHHbIX HOBOOOpa3oBaHMit
(3H) ¥ pa3nuyHBIX TPYNI PAAUALMOHHOTO PUCKa, CHOPMUPOBAHHBIX MO PA3NIUYHBIM METOIOTOTHSIM.

I'PYIIN PAI[IAHIﬁHHX PU3UKIB IIEPCOHAJIY HHII X®TI
O.B. Maszinoe, 1.0. Cmaonik

Hanana xapaxrepuctuka nepconany HHL] X®TI, mo nepebysae na IJJK y 2017 poui, y TepMiHAX «1030BOT MATPHLL».
Onucano merononorii UNSCEAR-94, BEIR VII, ICRP 2007, ski BUKOPHCTOBYIOTbCS Ha AAaHWI Yac AJI PO3paxyHKiB
iHIUBiMyanbHUX padiauifHUX pu3uKiB. [IpencraBieHi OCHOBHI pe3yJbTaTH OOYMCIIEHb BiHOCHUX, aOCOMIOTHHX i
aTpuOyTUBHUX pu3MKiB Ha 2017 pik mns pi3HUX JoKanizauiil 310sKkicHUX HOBoyTBOpeHs (3H) i pi3Hux rpyn paaiauiiiHoro
pU3HKy, cOpMOBaHHUX 32 Pi3HUMU METOHOJIOTiSIMHU.
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