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ABSTRACT

In this study, an indicator for setting dose constraints was presented using the frequency distribution of the
annual exposure dose per radiation worker. To this end, from January 2017 to December 2019, we surveyed
personal dosimeter reading values per month for 13 radiography inspection offices that had reported the
establishment of a workplace to move and use radioisotopes, etc. for the purpose of radiographic testing (RT) in
Korea, and performed a frequency analysis of the annual exposure dose per radiation worker. In this study, the
indicator for setting dose constraints was based on the 95th percentile according to the recommendations of
international organizations related to radiation protection. As a result, the dose constraints in the field of RT was
set at an average of 5.15mSv over the three-year investigation period. The nuclear energy-related business
operator, if was set its own dose constraints proposed in this study and was operated successfully, were able to
manage the exposure dose inequality of 52 people, equivalent to 5% of registered radiation workers, and could
expect a reduction in collective dose of 760 man-mSv. Therefore, the nuclear energy-related business operator set
its own dose constraints using the indicator for setting dose constraints proposed in this study, will be able to
achieve optimization of protection by excluding exposure situations in which a dose level higher than the set dose
constraint is expected from the process of establishing a protection plan.

Keywords: Dose constraints, Frequency distribution, Annual exposure dose per radiation worker, Optimization of protection
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Fig. 1. Flowchart of research subject selection and
survey method in this study.
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Table 1. Results for determining the study subjects from
the population surveyed at the radiography inspection
offices from January 2017 to December 2019.

Classification Number
Number of Radiation oftfices 19
populationl Sample cases 84,535
Radiation offices 13
Number exceeding Registered 36,211
sample sizel radiation worker
Attended 17,019

radiation worker

1 was calculated using the given equation (1), and means that the number of registered
radiation workers exceeded the calculated sample size.
These values included duplicated values for entrants and retirees.
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II. RESULT
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Table 2. Frequency analysis results for the personal
exposure dosimeter reading values per month given to
radiation workers.

Exposure dose interval Frequency Ratio
(mSv) ™) (%0)

Less than 0.2 7,852 46.13

More than 0.2 and less than 0.5 5,884 34.57
More than 0.5 and less than 1.0 2,242 13.17
More than 1.0 and less than 2.0 804 4.72
More than 2.0 and less than 3.0 115 0.68
More than 3.0 and less than 4.0 39 0.23
More than 4.0 83 0.49

Total 17,019 100

These values included duplicated values for entrants and retirees.
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Table 3. Comparison results of chi-square tests for the
personal exposure dosimeter reading values per month

given to radiation workers and radiation exposure doses
by year.

Years of exposure
(cases, %)1 2

2017 2018 2019

2,923 2,160 2,769
(17.17)  (12.69)  (16.27)

Exposure dose interval
(mSv)

Less than 0.2

More than 0.2 2,410 1,702 1,772
and less than 0.5 (14.16)  (10.00) (10.41)
More than 0.5 988 697 557
and less than 1.0 (5.81) (4.10) (3.27)
More than 1.0 346 283 175 162 2***
and less than 2.0 (2.03)  (l.66) (1.03) :
More than 2.0 40 45 30
and less than 3.0 (0.24) (0.26) (0.18)
More than 3.0 22 14 3
and less than 4.0 (0.13) (0.08) (0.02)
More than 4.0 31 33 19

(0.18)  (0.19)  (0.11)

Total 6,760 4,934 5,325
(39.72) (28.99)  (31.29)

*p < .05, **p < .01, ***p < .001

1 The relative ratio for the frequency of exposure dose intervals by year to the total
number of personal dosimeter reading values per month.

These values included duplicated values for entrants and retirees.
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9kthp > 0.05, Table 4).

Table 4. Comparison results for the average annual
exposure dose by year of radiation workers who attended
in radiation work to the average annual exposure dose of
registered radiation workers.

Years (mSv)
Division F p
2017 2018 2019

Registered Mean 0.73 0.74 0.53

radiation 0.588  0.772
workers SD 0.46 1.17 0.49

Attended Mean 140 128  1.14

radiation 0.762  0.637
workers SD 0.62 0.60 0.70

Increase ratel 1.93 1.73 2.15

*p < .05, **p < .01, ***p < .001

1 The increase ratio for the average annual exposure dose of radiation workers who
attended in radiation work to the annual exposure dose of registered radiation workers.
These values included duplicated values for entrants and retirees.
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Fig. 2. Quartile distribution (Box-and-whisker plot) of
average annual exposure dose by year of radiation
workers who attended in radiation work to the average
annual exposure dose of registered radiation workers.
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Table 5. Comparison results for frequency distribution on
the annual exposure dose per radiation worker who
attended in radiation work by year

Classification of descriptive Years (mSv)

statistical dose (mSv) 2017 2018 2019
Radiation workers 20 18 13
Exceeding (%) 1 (114 (1.15)  (0.82)
10 mSv Cumulative 4517 3355 1741
dose (%) 1 (16.1) (14.9) (9.8)
Radiation workers 3 4 1
Exceeding (%) (0.17) (0.26) (0.06)
20 mSy . 2519 1588 25.7

Cumulative dose (%) (9.0) (1.0) (1.5

Max dose 121.25 51.45 25.74

1 Ratio of cumulative dose of radiation workers exceeding 10, or 20 mSv to the total
exposure dose of all radiation workers.
These values included duplicated values for entrants and retirees.
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dose constraints indicators (90 and 95 percentiles) in the
confidence intervals (90% and 95%) for the frequency

distribution of annual exposure dose per radiation worker.
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Table 6. Comparison results on the indicators for
setting dose constraints using the frequency distribution
of annual exposure dose per radiation worker by year.

Classification of Years (mSv)

statistical

dose (mSv) 2017 2018 2019
Dose constraint
(mSv) 3.89 3.57 2.75
90 Excluded radiation 176 156 159
percentile workers (%) 1 (9.40) (10.45) (9.86)
Excluded cumulative 1,366.3 1,094.8 854.7
dose (mSv) 2 (48.73) (48.44) (48.26)
Dose constraint 583 545 4.17
(mSv)
95 Excluded radiation 87 78 79
percentile workers (%) 4.64) (5.22) (4.90)

Excluded cumulative 943.2 761.7 575.5
dose (mSv) (33.64) (33.70) (32.50)

1 When setting dose constraints, relative ratio of excluded radiation workers to total
radiation workers. When attended radiation workers were applied, total radiation workers
was 1,873, 1,493, and 1,613 persons in 2017, 2018, and 2019, respectively.

2 means the cumulative exposure dose of excluded radiation workers

These values included duplicated values for entrants and retirees.

IV. DISCUSSION
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V. CONCLUSION
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