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Background: Assessment of the radiation doses to which workers are exposed can differ de-
pending on the placement of dosimeters on the body. In addition, it is affected by whether the 
placement is under or over a shielding apron. This study aimed to evaluate the actual position-
ing of personal dosimeters on the body, with or without shielding aprons, among radiation 
workers in Korea.

Materials and Methods: We analyzed the survey data, which included demographic charac-
teristics, such as sex, age, occupation, work history, and placement of the personal dosimeter 
being worn, from a cohort study of Korean radiation workers. We assessed the use of personal 
dosimeters among workers, stratified by sex, age, working period, starting year of work, and 
occupation.

Results and Discussion: Overall, high compliance (89.1% to 99.0%) with the wearing of do-
simeters on the chest was observed regardless of workers’ characteristics, such as age, sex, oc-
cupation, and work history. However, the placement of dosimeters, either under or over the 
shielding aprons, was inconsistent. Overall, 40.1% of workers wore dosimeters under their 
aprons, while the others wore dosimeters over their aprons. This inconsistency indicates that 
radiation doses are possibly measured differently under the same exposure conditions solely ow-
ing to variations in the placement of worn dosimeters.

Conclusion: Although a lack of uniformity in dosimeter placement when wearing a shielding 
apron may not cause serious harm in radiation dose management for workers, the development 
of detailed guidelines for dosimeter placement may improve the accuracy of dose assessment.
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Safety
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Introduction

Radiation workers are exposed to varying levels of radiation during their work-relat-

ed tasks. The wearing of a personal dosimeter is a recommended and conventional 

method for radiation protection and assessment of radiation doses in workplaces ow-

ing to its wearability and continuity in monitoring occupational exposure [1]. However, 

the radiation dose can differ according to the placement of the dosimeter. For example, 

it is affected by the dosimeter’s placement on the body of the radiation worker, e.g., un-

der or over a shielding apron [2]. 

In Korea, radiation workers (mostly in radioactive isotope-related occupations) and 
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diagnostic medical radiation workers (mostly in radiation 

generator [X-ray]-related occupations) must wear a personal 

dosimeter on their chest while at work, as specified by regu-

lations under the Nuclear Safety Act [3] and the mandatory 

manual issued by the Korea Centers for Disease Control and 

Prevention, respectively [4]. However, for radiation workers 

who wear shielding aprons, the placement of dosimeters is 

not standardized. For example, diagnostic medical radiation 

workers are required to wear thermoluminescent dosimeter 

badges under the apron on the left side of the chest accord-

ing to the mandatory manual [4]. Conversely, for other radia-

tion workers, such as those working in nuclear power plants, 

industry, and research institutes, information on the place-

ment of dosimeters when they wear shielding aprons is not 

sufficient in the guidelines for radiation protection in work-

places, although some major businesses and institutions 

have their own manuals which state that a dosimeter should 

be worn under a lead apron [5].

Therefore, this study aimed to examine how radiation 

workers in Korea wear their personal dosimeters with and 

without shielding aprons and to provide useful information 

for guidelines on dosimeter placement.

Materials and Methods

We examined survey data from a cohort study of Korean 

radiation workers [6] to determine where they placed their 

personal dosimeters. The data included demographic char-

acteristics, such as sex, age, occupation, work history, and 

where they placed the dosimeter while working. Of the 20,608 

radiation workers in the cohort, we analyzed data from 17,389 

individuals who completed the questionnaire regarding the 

use of dosimeters.

We assessed the placement of personal dosimeters used 

by workers stratified by sex, age, working period, starting 

year of work, and occupation. Occupations were divided into 

Table 1. Locations of Personal Dosimeters

Variable Chest Neck Waist Other p-valuea)

Total 16,627 (95.6) 211 (1.6) 281 (1.2) 270 (1.6)
Sex <0.0001

Male 14,499 (96.6) 137 (0.9) 146 (1.0) 231 (1.5)
Female 1,963 (89.1) 143 (6.5) 63 (2.9) 35 (1.6)

Age (yr) 0.0002
<30 2,610 (94.5) 43 (1.6) 59 (2.1) 49 (1.8)
≥30 to <40 6,334 (95.3) 102 (1.5) 93 (1.4) 117 (1.8)
≥40 to <50 4,459 (95.9) 96 (2.1) 31 (0.7) 62 (1.3)
≥50 3,224 (96.7) 40 (1.2) 28 (0.8) 42 (1.3)

Working period (yr) <0.0001
<1 487 (94.2) 5 (1.0) 6 (1.2) 19 (3.7)
≥1 to <6 5,058 (94.0) 104 (1.9) 103 (1.9) 118 (2.2)
≥6 to <10 4,838 (95.6) 82 (1.6) 68 (1.3) 75 (1.5)
≥10 6,244 (97.2) 90 (1.4) 34 (0.5) 58 (0.9)

Starting year of work <0.0001
<1990 1,181 (98.7) 6 (0.5) 5 (0.4) 4 (0.3)
≥1990 to <2000 2,456 (97.9) 26 (1.0) 13 (0.5) 14 (0.6)
≥2000 to <2010 4,028 (96.1) 80 (1.9) 23 (0.5) 60 (1.4)
≥2010 8,962 (94.4) 169 (1.8) 170 (1.8) 192 (2.0)

Occupation <0.0001
Public institutions 572 (97.8) 2 (0.3) 2 (0.3) 9 (1.5)
Education institutions 1,343 (92.4) 42 (2.9) 39 (2.7) 29 (2.0)
Military 153 (99.4) 1 (0.6) 0 0 
NDT 3,115 (98.7) 9 (0.3) 3 (0.1) 28 (0.9)
Industry 2,939 (90.9) 80 (2.5) 93 (2.9) 120 (3.7)
Research institutions 929 (92.8) 26 (2.6) 12 (1.2) 34 (3.4)
Nuclear power plants 5,041 (99.0) 12 (0.2) 3 (0.1) 35 (0.7)
Medical institutions 2,535 (93.3) 109 (4.0) 59 (2.2) 15 (0.6)

Values are presented as number (%).
NDT, non-destructive testing.
a)Chi-squared test after combining the neck, waist, and other groups (i.e., chest vs. others [neck, waist, other]).
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eight categories: medical institutions, industries, non-de-

structive testing industries, research institutes, educational 

institutions, public institutions, nuclear power plants, and 

military institutions. In order to compare the distributions of 

the placement of dosimeters among workers with different 

demographic and occupational characteristics, a chi-square 

test was performed with a statistical significance level of 0.05. 

Owing to the exploratory nature of these analyses, multiplic-

ity adjustments were not made. Data were analyzed using R 

version 4.0.5 (R Foundation for Statistical Computing).

 

Results and Discussion

Table 1 summarizes the distribution of personal dosimeter 

locations on the bodies of radiation workers. In total, 95.6% 

of radiation workers wore dosimeters on their chests. While 

women, younger workers, those with less work experience, 

and those in industry occupations were less likely to wear a 

dosimeter on their chest, the overall compliance rate was 

high (89.1% to 99.0%).

Table 2 summarizes the distribution of personal dosime-

ter positions for workers who wore shielding aprons. Of the 

17,389 workers, 9,842 (56.6%) reported wearing a shielding 

apron. The placement of dosimeters varied among workers, 

with some wearing them under their shielding aprons and 

others wearing them over their aprons. Specifically, 40.1% of 

workers wore their dosimeters under their aprons. This in-

consistency remained regardless of sex, age, working period, 

starting year of work, and type of occupation. Additionally, 

significant differences in these distributions were noted for 

age and occupation, as shown in Table 2.

Our study assessed the placement of personal dosimeters 

on the bodies of radiation workers in Korea. Overall, high 

levels of compliance with the wearing of dosimeters on the 

chest were observed regardless of workers’ characteristics, 

such as age, sex, occupation, and work history. This compli-

ance indicates that the wearing of a dosimeter is well man-

aged under the current regulations (regulations on evaluat-

ing and managing radiation exposure to individuals) in Ko-

rea [3].

Standard global practice is for workers to wear a single do-

simeter on their chest (generally when not wearing a shield-

ing apron). In Europe, the European Commission recom-

mends wearing a dosimeter on the waist or chest [7]. In the 

United States, the National Council on Radiation Protection 

(NCRP) recommends placing a single dosimeter at the cen-

ter of the chest, except when a beam is traveling from back to 

front [2]. These guidelines are based on the principle that the 

chest should be prioritized for protection as it is close to the 

heart [8].

The position of personal dosimeters, whether under or 

over the shielding apron, was inconsistent in this study, re-

gardless of sex, age, working period, starting year of work, 

and occupation. This was mainly due to a lack of guidelines 

on dosimeter placement while wearing shielding aprons. 

The correct placement of dosimeters when shielding aprons 

are worn is particularly important for professionals in the 

medical diagnostic radiation field, such as interventional ra-

diologists and cardiologists, who work closely with radiologi-

cal sources [9]. In our study of radiation workers, except for 

medical diagnostic radiation workers, the radiation dose 

measured over the shielding aprons was not much different 

from that measured under the aprons, which indicates that 

Table 2. Distribution of Placement of Personal Dosimeters under or 
over Shielding Aprons

Variable Under Over p-valuea)

Total 3,943 (40.1) 5,899 (59.9)
Sex 0.5952

Male 3,485 (40.2) 5,189 (59.8)
Female 413 (38.9) 650 (61.1)

Age (yr) <0.0001
<30 694 (44.7) 860 (55.3)
≥30 to <40 1,525 (41.8) 2,124 (58.2)
≥40 to <50 981 (38.0) 1,600 (62.0)
≥50 743 (36.1) 1,315 (63.9)

Working period (yr) 0.1699
<1 120 (35.5) 218 (64.5)
≥1 to <6 1,190 (39.6) 1,817 (60.4)
≥6 to <10 1,118 (39.8) 1,694 (60.2)
≥10 1,515 (41.1) 2,170 (58.9)

Starting year of work 0.2215
<1990 330 (42.5) 447 (57.5)
≥1990 to <2000 572 (38.1) 930 (61.9)
≥2000 to <2010 932 (40.2) 1,384 (59.8)
≥2010 2,109 (40.2) 3,138 (59.8)

Occupation <0.0001
Public institutions 83 (22.1) 292 (77.9)
Education institutions 184 (24.9) 554 (75.1)
Military 19 (45.2) 23 (54.8)
NDT 631 (43.5) 820 (56.5)
Industry 338 (24.1) 1,062 (75.9)
Research institutions 155 (27.1) 418 (72.9)
Nuclear power plants 1,848 (44.6) 2,294 (55.4)
Medical institutions 685 (61.1) 436 (38.9)

Values are presented as number (%).
NDT, non-destructive testing.
a)Chi-squared test.
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workers wearing their dosimeters over their shielding aprons 

were working in an environment where they were less likely 

to be exposed to high radiation doses (e.g., working a long 

distance from radiation sources or in a shielded room) (Fig. 1). 

Nonetheless, although this lack of uniformity in dosimeter 

placement may not cause underestimation of radiation dos-

es and seriously fallacious measurements in terms of radia-

tion protection (e.g., management of radiation doses), it may 

result in different measurements of radiation doses under 

the same exposure conditions solely owing to variations in 

dosimeter positioning.

The placement and quantity of personal dosimeters worn 

while using a shielding apron varies by country. In the United 

Kingdom and Eastern Europe, the dosimeter is recommend-

ed to be worn under the apron [10, 11]. This practice is in line 

with the International Commission on Radiological Protec-

tion's recommendations, which state that a single dosimeter 

worn under a lead apron can provide a reasonable estimate 

of the effective dose [12] and measure the dose to which pro-

tected organs are exposed [10]. However, recent studies have 

shown that the wearing of a single dosimeter under an apron 

can result in the underestimation of radiation doses [13]. Ad-

ditionally, ensuring dosimeter compliance may be challeng-

ing, as a dosimeter worn under an apron is not visible to oth-

er staff and can be incorrectly positioned or not worn at all, 

as highlighted by Martin [10].

For this reason, various national and international organi-

zations suggest using a two-dosimeter method. This involves 

wearing a primary dosimeter under a lead apron and an ad-

ditional dosimeter at the collar level above the apron. In Ja-

pan, the Ministry of Health, Labour and Welfare recommends 

the placement of dosimeters under the lead apron on the 

chest for men and nonpregnant women, and on the waist for 

pregnant women or women with the potential for pregnancy, 

when a photon energy is uniform. When a photon energy is 

nonuniform, the use of two dosimeters is recommended, 

one under the apron on the chest or abdomen and the other 

over the apron at the neck [14]. The NCRP in the United States 

recommends the wearing of dosimeters on the chest for both 

pregnant and nonpregnant individuals and follows the same 

recommendations as Japan for nonuniform photon energy 

[2]. In Europe, two dosimeters are recommended to be worn 

in the same positions as those used in Japan when wearing 

an apron [7]. This approach could be more accurate for dose 

assessment because the two-dosimeter method provides a 

better approximation of the whole-body dose when readings 

are combined [2].

Conclusion

Placement of personal dosimeters for radiation workers is 

important for radiation protection and accurate assessment 

of radiation doses. While overall compliance with the wear-

ing of dosimeters is desirable, their positions when wearing a 

shielding apron have not been consistent. Although this lack 

of uniformity may not cause serious fallacy in radiation dose 

management for radiation protection, the development of 

detailed guidelines for dosimeter placement with consider-

ation of the wearing of shielding gears, such as aprons and 

vests, may improve the accuracy of dose assessment.
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Fig. 1. Annual radiation dose by dosimeter placement when wear-
ing a shielding apron (mean doses and 95% confidence intervals).
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