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Background: Radiation exposure can occur as a result of occupational activities utilizing sourc-
es of radiation. The average level of occupational exposure is generally similar to the global aver-
age, but some workers receive more than this. In this study, the occupational exposure data for 
workers in Korea to check the recent trend of radiation exposure.

Materials and Methods: The data collection and analysis are carried out by two separate peri-
ods based on the United Nations Scientific Committee on the Effects of Atomic Radiation (UN-
SCEAR) survey. One is the year 2003 to 2014 for a recent survey, and the other is 2015 to 2019. 
All available data were collected by annual reports from radiation dose registry organizations.

Results and Discussion: The annual dose over the record level to the total workers did not 
change much compared with the total increasing number of workers in this period. The dose to 
the nuclear fuel cycle field has a tendency to decrease. It resulted from the efforts of radiation 
dose reduction with high technology introduced to this area. Also, it is important result that the 
radiation dose to the workers in radiography is remarkably reduced. 

Conclusion: The number of radiation workers and average doses were analyzed for occupa-
tional categories in Korea. It still needs cooperative efforts between the dose registry organiza-
tions for the efficient dose management of Korean radiation workers. 
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Introduction

Radiation exposure can occur as a result of occupational activities utilizing sources of 

ionizing radiation. It is incurred by workers using radiation or radioactive substances in 

industry, medicine, education and research, and also by crew during air travel, exposed 

to cosmic radiation. The average level of occupational exposure is generally similar to 

the global average level of natural radiation exposure, but some workers receive expo-

sure several times higher than this [1].

The United Nations Scientific Committee on the Effects of Atomic Radiation (UN-

SCEAR) has periodically reviewed the sources of occupational exposure and estimated 

distributions of individual annual effective doses and annual collective effective doses 

from occupational exposure in various industry sectors in accordance with the source 

types to evaluate prevailing trends in occupational exposure and to identify new work-

er groups receiving significant radiation doses. Also, it is of particular interest to exam-

ine the changes that have taken place over time with the introduction of improved 

practices, new technology, and/or revised regulations.
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Recently, the worldwide occupational exposure data was 

submitted by the United Nations Member States in response 

to the UNSCEAR Occupational Exposure Survey for the peri-

od 2003–2014. The UNSCEAR began collecting data on oc-

cupational exposure due to natural radiation sources in con-

nection with the preparation of the UNSCEAR 2000 Report 

[2]. Until the implementation of the former International Ba-

sic Safety Standards (BSS) [3] in the 1990s, most countries 

had not been particularly concerned with assessing occupa-

tional exposure to natural sources of radiation. Over the past 

two decades, exposure to enhanced levels of natural radia-

tion has become a focus of attention for radiation protection.

The assessment of occupational exposure by the UN-

SCEAR due to human-made sources of radiation includes 

exposure within the subsectors nuclear fuel cycle, medical 

uses of radiation, industrial uses of radiation, and miscella-

neous uses of radiation.

As shown in Table 1, occupational exposure data collected 

by UNSCEAR survey was categorized into six work sectors 

with the number of workers and the dose information. One 

of the work sectors, natural source, enhanced natural radia-

tion exposure to workers such as civilian aviation, coal min-

ing, mineral mining other than coal and uranium, processing 

of mineral and ores, oil and natural gas industry and radon 

in workplaces other than mineral extraction were added.

For the nuclear fuel cycle sector, the UNSCEAR requested 

data on occupational exposure for the same work activities 

evaluated in its previous reports: uranium mining, uranium 

milling, uranium conversion and enrichment, fuel fabrica-

tion, reactor operation (permanent staff and also contrac-

tors), fuel reprocessing, and research in the nuclear fuel cy-

cle. In addition, data were also requested for the subsectors 

of decommissioning, management of radioactive waste and 

spent nuclear fuel, safety and safeguard inspections, and 

transport within the nuclear fuel cycle.

For the medical sector, the identified work activities and 

division into subsectors are similar to those used in the pre-

vious evaluation [1]. Data on occupational exposure in con-

ventional diagnostic radiology and interventional radiology, 

nuclear medicine, radiation therapy, dental practice, and 

veterinary medicine were requested. In addition, the data for 

different work categories (physicians, nurses, technicians, 

and others) in most work subsectors in medical use of radia-

tion were collected also. 

For the industrial sector, the survey collected data and 

evaluated the level of occupational exposure in industrial ir-

radiation, industrial radiography, luminizing, radioisotope 

production and distribution, use of industrial gauges, well 

logging, accelerator operation and all other industrial uses of 

radiation. These are the same subsectors that were previously 

evaluated by the UNSCEAR. In each work sector, the number 

of workers in dose interval and female workers was counted, 

and the data of average external and internal effective doses 

were also investigated.

Through the international radiation dose survey, it is im-

portant to compare the occupational exposure data with the 

world average values by work sectors for proper occupation-

al dose management and optimal planning for dose reduc-

tion in the view of ALARA (as low as reasonably achievable). 

So, in this study, the occupational exposure data for radia-

tion workers in Korea were collected based on the UNSCEAR 

survey categories and analyzed during the same period 2003 

to 2014. In addition, the recent data were also investigated to 

check the recent trend of radiation exposure.

Materials and Methods

1. Data Collection
In this study, the data collection and analysis are carried 

out by two separate periods based on the UNSCEAR survey. 

One is the year 2003 to 2014 for the recent survey, and the 

other is 2015 to 2019, after the survey. All available data were 

collected by annual reports from radiation dose registry or-

ganizations [4, 5]. Some data requested by the UNSCEAR 

survey was missing in the annual reports. The missing data 

in the annual reports were obtained by request for the raw 

data. Detailed data collection methods by work sectors were 

described as follows.

2. Nuclear Fuel Cycle Sector
The radiation dose registry for workers in the field of nu-

Table 1. UNSCEAR Questionnaire Categories for International Oc-
cupational Exposure Survey

Classification

Work sectors and categories Sectors
Categories

Work force Number of workers in dose interval
Number of female workers

Dose Average dose in dose interval
External
Internal
Etc. (eye lens, hands)
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clear fuel cycle was managed by the Nuclear Safety and Se-

curity Commission (NSSC). The annual report from NSSC 

includes the most data related to radiation works in Korea. In 

this report, the radiation dose data of nuclear power, medical 

(specially radiation therapy), industrial radiography, educa-

tion, research institute, military and other industry sectors 

could be obtained. 

3. Medical Sector
The radiation dose registry for radiation workers in the 

field of diagnostic radiology has been initiated by the Na-

tional Management System in accordance with the Rules for 

Safety Management of Diagnostic Radiation Emitting Gen-

erators (Health and Welfare Enforcement Ordinance 3, pub-

lished on January 6, 1995).

The annual report includes the average dose in radiation 

workers by medical institute type, job category, region, and 

gender, in which the data were extracted from the personal 

dose database. However, this report excludes the occupa-

tional dose data of radiation workers affiliated with nuclear 

medicine and radiation oncology in the medical and indus-

trial fields. All doses are included in the International System 

of units and presented to the nearest 100th of a millisievert  

(1 mSv= 100 mrem) as a value indicating the effective dose.

4. Other Industry Sector
As described above, the other sectors except nuclear pow-

er and medical were summed for simple comparison. This 

sector consists of mainly radio-isotopes sales companies, re-

search centers, colleges and universities. But some cases like 

industrial radiography were treated as a special sector for 

relatively high average dose. 

Results and Discussion

1. �Radiation Dose Trend based on Recent UNSCEAR 
 Survey

Fig. 1 shows the total number of radiation workers in Korea 

during the period 2003 to 2014. The total radiation workers 

in Korea are still increasing about 113,038 in the year of 2014. 

This value is about four times greater than those of 2003. The 

minimum detection level (MDL) is 0.1 mSv, which is also 

treated as record level. The workers whose radiation dose is 

more than 0.1 mSv/year are around 40,000 and show the de-

crease after 2007. Fig. 1 also shows the increase in female 

workers covering around 30% of total radiation workers.

The number of workers in each sector is shown in Fig. 2. 

The number of workers in the medical field is still increasing, 

but the number of other sectors is almost the same. This 

means the extension of radiation usage is limited only in the 

medical field. 

The average radiation doses by occupational categories 

are expressed in Fig. 3. During the period 2003 to 2014, the 

highest average dose was allocated to radiography by more 

than 3.0 mSv/yr. The annual dose over the record level to the 

total workers did not change much compared with the total 

increasing number of workers in this period. The dose to the 

nuclear fuel cycle field has a tendency to decrease. It resulted 

from the efforts of radiation dose reduction with high tech-

nology introduced to this area. 

Fig. 1. Total number of radiation workers in Korea (2003 to 2014). 
MDL, minimum detection level.

N
um

be
r o

f w
or

ke
rs

120,000

100,000

80,000

60,000

40,000

20,000

0
2002	 2004	 2006	 2008	 2010	 2012	 2014

Total
>MDL
Female

Year

Fig. 2. The number of radiation workers by occupational sectors in 
Korea (2003 to 2014).
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2. Recent Dose Trend (2015 to 2019)
In Figs. 4 and 5, radiation dose trend during 2015 to 2019 

was shown for occupational categories. There was not much 

detailed data such as the number of female workers in each 

work sector like the UNSCEAR survey, but, with the help of 

two main annual reports, whole radiation workers data 

could be estimated. Radiation workers in the medical field 

are still on the trend of increasing. With this increase in the 

medical field, the total number of radiation workers in Korea 

were about 150,000 in 2019.

It is an especially important result that the radiation dose 

to the workers in industrial radiography is remarkably re-

duced. It was considered that some severe accidents in this 

field made it possible to enhance the regulation. The dose 

trend of other sectors did not change much and had a ten-

dency to decrease. 

Conclusion

The number of radiation workers and average doses were 

analyzed for occupational categories in Korea. In Korea, oc-

cupational radiation doses were managed by several organi-

zations like the NSSC, the Korea Disease Control and Pre-

vention Agency, and the Ministry of Land Infrastructure and 

Transport. So, there are duplicated registration and different 

categorizations with the UNSCEAR international survey 

such as medical subsectors, radiation dose ranges, etc. The 

number of radiation workers is still increasing but average 

doses are decreasing. The amount of radiation dose reduc-

tion should be checked carefully because the light workers 

Fig. 3. The average radiation doses by occupational categories in 
Korea (2003 to 2014). MDL, minimum detection level.
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Fig. 4. Total number of radiation workers in Korea (2015 to 2019).
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Fig. 5. The average radiation doses by occupational categories in 
Korea (2015 to 2019).
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whose dose is relatively small take most of the occupational 

dose which can lead to misunderstanding. The dose to work-

ers in industrial radiography managed until the year 2015 

showed remarkable improvement. It still needs cooperative 

efforts, such as the establishment of database standards for 

registered workers, unification of different dose ranges, 

among the dose registry organizations for the efficient dose 

management of Korean radiation workers. 
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