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Estimation of Population Doses from Diagnostic Medical
Examinations in Japan, 1974

4. Dose Estimation of Fetus Exposed in Utero to Diagnostic X-rays

Tadashi Hashizume, Takashi Maruyama and Yoshikazu Kumamoto*

Division of Physics and Technical Division*®, National Institute of Radiological Sciences,

9-1, 4-chome Anagawa, Chiba, Japan
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The absorbed dose in fetus exposed in utero to diagnostic X-rays for the medical examinations of
the mother has been estimated on the basis of a 1974 nation wide radiological survey. The results of the
survey showed that the number of radiographs per year connected with pregnant women was 0.32 mil-
lion for the chest examination excluding mass survey, 0.29 million for obstetric including pelvimetry
and 0.21 million for abdomen and pelvis, with a total of 0.82 million.

The absorbed dose in fetus was measured with an ionization chamber placed at the hypothetical
center of fetus in an average woman Rando phantom which was simulated for a maternal body by ad-
ding MixDp materials, “The collective dose’ to the fetus in the pregnant women receiving a given
type ol examination was calculated from the number of radiographs per year connected with the pregnant
women and the fetal doses. The per caput mean marrow dose (CMD), the leukemia significant dose
(LSD) and the genetically significant dose (GSD) for the fetus were determined {rom the collective dose
taking account of the birth expectancy, the child expectancy, life expectancy and significant factor for
the fetus.

The collective dose to the [etus was estimated to be 9.3 % 10* man rad per year. The resultant value
of CMD, LSD and GSD was 0.81 mrad per year, 0.79 mrad per person per year and 1.44 mrad per person

per year, respectively.
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Table 1. Number in thousands of X-ray radiographs by maternal age and type of examination.
| E‘ype of Size of Me dicallé Maternal Age Group (yr-old) Sub-Total
: inati Installation®#**
xamination | Installation 15—19 90—24 9529 30—34 95—
A . 43.0 60.8 22.8 4.4 131.0
Chest* B — 11.7 15.7 12.0 = 39.4
C . 20.4 68.4 63.5 — 152.3
Sub-Total — 75.1 144.9 98.3 4.4 322.7
A = 33.6 30.4 5.0 3.8 72.8
Abdomen B - 17.3 15.6 4.6 0.6 28.1
C e 13.0 13.0 — = 26.0
Sub-Total = 63.9 59.0 9.6 4.4 136.9
A - 6.3 14.5 = 2.5 23.3
. B 3.5 20.5 h.2 6.9 i 36.1
Pelvis
C - 8.7 — = i 8.7
Sub-Total 3.5 35.5 19.7 6.9 2.5 68.1
A = 8.2 22.8 25.3 3.8 60.1
Obstetric** B - 8.7 31.3 3.3 —p 43.3
C . 85.8 87 8.9 g 182.5
Sub-Total - 103.7 140.9 37.5 3.8 285.9
Total 3.5 278.2 364.5 152.3 15.1 813.6

* excluding mass survey of the chest.
#k including pelvimetry.
#%% The medical installations on which the radiological survey were made were categorized by bed numbers

as follows: A; 300 beds and more,; B: 20 beds to 299 beds; C: 19 beds and less.

Table 2. Technical factor used for a given type of examination® and Fetal dose®*

tyot (St | T | B | St H oo | Foal”
Examination | v a1)ation ! Distance PA | AP |L(gp| DO
(kV) (mAs) (em) Cem % cm) 704 (mrad)
A 114 12 180 36 % 36
Chest B 116 16 190 0x40 | 7 | 8 | 17 0.32
C 60 19 165 34%35
A 77 4 105 34X 30
Abdomen B 78 45 100 35%35 | 60 | 40 60
c 79 30 99 29% 32
A 72 72 9% 32X 33
Pelvis B 81 78 100 3534 100 110
c 67 70 95 33% 35
A 77 114 100 3131
Obstetric B 78 111 100 34x34 | 20 | 63 | 17 | 270
c 83 80 100 35X 35

# The technical factors were obtained from the hospitals and clinics randomly sampled in the frequency
survey. The technical factors were those under average conditions for each type of examination.

#k The absorbed dose in fetus was measured with an ionization chamber in a phantom exposed to diagnos-
tic X-rays according to the technical factors. Taking into account of the nuraber of radiographs by the
size of medical installation and the frequency of incident field projection, the average fetal dose was
determined.

w4k PA: Postero-anterior; AP: Antero -posterior; L: Lateral
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Table 3. Collective dose to fetus by maternal age and type of examination (man rads)

E};ap;ﬂ?‘lfaﬁm I Maternal Age Group (yr-old) O
15—19 | 20—24 25—29 30—34 35—

Chest - 24 46 32 1 103

Abdomen — | 3,81 3,540 576 264 8,214

Pelvis 385 | 3,905 2,167 759 275 7,491

Obstetric — fhzagm i 38,03 | 10,125 | 1,026 77,193

Total 38 | 35,762 | 43,79 | 11,492 | 1,566 93,001
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Table 4. Population dose from diagnostic
medical X-ray examinations in Japan, 1974

Population Dose (mrad
per person per year)
Type o[f)o Es’gpulanon General Fetus™*

Radio- | Fluoro- | Radio-
graphy | scopy | graphy
per Caput Mean

Marrow Dose (CMD) 37.0 70.0 0.81

Leukemia Signifi- i
cant Dose (LSD) 3.1 | 6l.2 | 0.79

“Genetically Signifi- 1.1
_cant Dose (GSD) 5

# Refs (3) and (4)
#*# Present Data

5.4 1.44

Table 5. Genetically Significant Dose from fetus
exposed in Utero to Diagnostic X-rays by Coun-

tries®
Genetically Significant
Country Dose (mrad per person
per year)
Czechoslovakia 1.39
Finland 3.88
Germany 0.02
New Zealand 2.21
U.K. 1.69
U.S.A. 0.9
Japan (present data) | 1.44
* Ref, (11)
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