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A Survey of Annual Radiation Dose for Radiation Workers from
Occupational and Medical Exposures in Kyushu

Naoki Kunugita, Toshiyuki Norimura and Takehiko T'suchiya
Department of Radiation Biology and Health, University of Occupational and Environmental Health, Japan

Research Code No. : 304
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This study was carried out to determine annual dose equivalents of exposure in workers exposed
to medical radiation and occupational radiation in an enterprise associated with nuclear power plants.
The results indicated that medical exposure is much higher than occupational exposure. Average
annual effective dose equivalents for medical and occupational exposure were 4.0—7.5 mSv and 2.4—
3.6 mSv, respectively. Individual occupational exposure limits have been well controlled and
maintained at one-fifth of the dose limit for radiation workers (50 mSv/yr). On the other hand, medical
exposure in the older workers of this enterprise has been increasing as a result of X-ray diagnosis with

barium meal.
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Fig. 1 Scheme of questionnaire
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Table 1 Effective dose equivalents and bone mar-
row dose equivalents per exposure and examina-
tion of X-ray diagnosis by type of examination
(Adult male)

Effective dose Bone marrow

Type of equivalent dose equivalent
examination

D/Exp. Total D/Exp. Total

Head 0.04 0.16 0.08 0.26
Cervical 0.08 0.31 0.04 0.15
Chest 0.06 0.10 0.05 0.09
Barium meal 11.38 8.15
Abdomen 0.23 0.75 0.35 0.88
Barium enema 8.30 15.57
Lumber spine 0.59 1.83 0.14 0.44
Urography 0.66 3.32 0.16 0.90
CT (Head) 0.10 1.02 0.24 2.45
CT (Body) 0.34 3.43 0.39 3.94

Photofluorography

Chest 0.28 0.28 0.33 0.33
Stomach 8.05 3.00

D/Exp. : Dose in mSv per exposure
Total : Total dose in mSv per examination.
(from data of Hashizume et. al. (reference 2))
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Table 2 Comparison of average annual dose
equivalents for radiation workers and non-
radiation workers in 1985, 1986 and 1989

Effective dose equivalent (mSv)

‘85 '86 '89
Radiation QE. 2.52 2.40 3.64
Workers M.E. 5.54 2.71 2.04

(112) (149) (165)

Non-radiation

Workers M.E. 7.83 4.41 6.29
(557 (487) (386)
Total M.E. 7.45 4.01 5.02

(669) (636) (551)

Bone marrow dose equivalent (mSv)

‘85 '86 '89

Radiation Q.E. 2.04 1.94 2.95

Workers M.E. 2.29 1.31 0.88
Non-radiation

Workers M.E. 3.19 2.05 2.85

Total M.E. 3.04 1.87 2.26

0.E.; Occupational exposure
M.E.; Medical exposure
Population numbers are indicated in parentheses.

Table 3 Comparison of average annual dose
equivalents among four age groups of men in
1985

Effective dose equivalent (mSv)

Age ~29 30~39 40—49 50~
Radiation 0.E. 2.40 2.74 3.06 1.71
Workers M.E. 0.76 3.46 7.84 8.20

149 @35 @ a8

Non-radiation

Workers M.E. 1.78 7.15 8.69 9.02
(28) (128) (236) (138

1.44  6.36 8.57 8.92
(42)  (163) (276) (156)

Total M.E.

Bone marrow dose equivalent (mSv)

Age ~29 30-~39 40—49 50~

Radiation 0.E. 1.94 2.22 2.47 1.38

Workers M.E. 0.33 1.48 3.26 3.34
Non-radiation

Workers M.E. 0.74 3.02 3.53 3.60

Total ME. 0.60 2.69 3.49 3.57

0Q.E. ; Occupational exposure
M.E.; Medical exposure
Population numbers are indicated in parentheses.
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Fig. 2 Distributions of annual individual dose
equivalents in 1985.
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Table 4 Annual change of effective dose equiva-
lents (mSv) in high dose group

case poe '85 86 89
No. ME. OE. ME OE ME OE.
1 33 0.06 5.10 = — 0.06 6.80
2 33 18.76 5.10 0.06 3.8 9.35 0.38
3 41 0.06 5.29 0.06 2.71 0.06 5.54
4 34 9.41 5.36 0.06 2.71 0.06 8.19
5 43 18.76 5.42 0.06 2.27 9.41 —_
6 45 0.06 5.55 0.06 548 0.06 0.19
7 32 0.06 5.73 0.06 4.22 0.06 6.80
8 46 10.34 5.73 0.06 5.86 0.06 4.35
9 51 0.06 5.99 0.06 . 0.06 5.48
10 41 9.41 6.18 0.06 3.21 0.06 5.54
11, 46 0.06 8.52 0.06 2.33 20.79 0.32
12 46 0.06 852 — —  0.06 5.23
13 53 20.76 — 0.06 — —_— =
14 44 21.08 _— 11.44 = 9.41 —
15 48 21.71 = 0.06 = 9.41 _
16 51 21.71 = 0.06 — 9.41 _
17 53 22.05 t 0.12 0.19 — _
18 33 2230 —  0.06 —  9.41 2.90
19 36 23.19 - 0.30 0.06 0.06 2.21
20 45 24.33 —_ 9.41 —_ 20.79 —
21 46  25.95 — 4.72 == = —
22 45 27.26 — 0.06 . 10.16 —_
23 49  29.04 — 11.50 - 0.06 2.84
24 53 20.04 —  0.06 — 9.41 —
25 41 29.16 — 11.44 3.09 0.06 0.13
26 32 32.00 - 20.79 = 0.06 e

M.E. ; Medical exposure
0.E. ; Occupational exposure
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Fig. 3 Cumulative frequency of annual effective
dose equivalents of occupational exposure for
radiation workers in 1935, 1986 and 1989.
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