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DOSIMETRY, DIAGNOSTIC MEDICAL X-RAY
PHAXKBOREBERE

EXPOSURE OF ABCC SUBJECTS IN COMMUNITY HOSPITALS AND CLINICS
ABCCHEWEE IR FRRER TCE U 2K &

BACKGROUND

In studying possible late radiation effects among survivors
of the atomic bombs in Hiroshima and Nagasaki, a number
of assessments have been made by ABCC of dose due to
ionizing radiation of the bombs. Contribution of diagnostic
medical X-ray has also been considered an important
source of exposure of populations in general, and particu-
larly among the exposed populations in Hiroshima and
Nagasaki. Determination of dose by medical X-ray is of
special importance because of the continuing studies for
detection of late radiation effects. Conceivably, the
cumulative dose from diagnostic medical X-ray might
approximate that of partially shielded exposed individuals
who were located some distance from the hypocenter
and in instances exceeds that of distant or heavily
shielded persons. It is also conceivable that individuals
who were closer to the bombs might receive more
frequent X-ray examinations than those who were at
greater distances or were not in the cities, either because
of more readily available and less costly medical care'
or because of anxiety or both.

The frequency with which subjects in the follow-up
studies conducted at ABCC receive examinations in
community hospitals and clinics in Hiroshima and Nagasaki
and the degree to which radiation therapy and occu-
pational exposure contribute to the cumulative dose
among the various exposure groups were unknown. To
evaluate these potentially complicating factors, a dosimetry
program was jointly undertaken by the ABCC Department
of Radiology and the Department of Radiation Biology
of the Research Institute for Nuclear Medicine and
Biology, Hiroshima University. An additional aim adopted
later was to determine individual doses by diagnostic
medical X-ray for A-bomb survivors and nonexposed
persons, and to compile tables by the method of Epp, et T
relating bone marrow and gonadal dose to the technical
factors used in such examinations in the community
hospitals and clinics. Data obtained in both cities
concerning radiation therapy and occupational exposure
during this program will be reported separately.
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Nearly 20,000 subjects participate regularly in the
ABCC-JNIH Adult Health Study.” This group comprises
part of the JNIH-ABCC Life-Span Study sample totaling
100,000 people selected from the populations of Hiroshima
and Nagasaki. The Adult Health Study sample was
~originally divided into 24 groups which were scheduled
for examination so that each individual is regularly
examined at least every 2 years, and more frequently if
clinically indicated.
subjects receive complete physical examinations, a number
of routine and additional
indicated. Each subject receives a chest roentgenological
examination with 14" x 17" posteroanterior (PA) and left

During these biennial visits, the

laboratory tests, tests as

lateral projections. Additional roentgenological studies
clinically indicated are also included, and are performed
The
technical factors of each exposure are recorded by the

radiologic technician on special forms filed in the ABCC

so as to contribute minimal dose to the patient.

Department of Radiology so that cumulative dose estimates
can eventually be made for each subject (Figure 1)
Average dose values based on the data of Epp, et a[,5
have already been made, and more definitive dose
estimates will eventually be calculated.

No such data were available to apply to examinations in
the community hospitals and clinics in Hiroshima and
Nagasaki. A study was therefore conducted to determine
technical exposure factors and to eventually estimate
dose from medical X-ray.
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ABCC DOSIMETRY PROGRAM

To determine frequency and location of exposure, and
individual doses to Adult Health Study participants in
community hospitals and clinics, a three-phase plan
was adopted:

1 Interrogation of patients to ascertain location and
time of exposure to ionizing radiation, for medical or
occupational reasons;

2 Interrogation of personnel in community hospitals
and clinics to determine technical factors used for the
individual exposures reported by the patients in phase 1;
and

3 Dosimetry studies in the ABCC Department of
Radiology to duplicate these exposures using dosimetric
apparatus and phantom material to measure bone marrow
and gonadal dose.

EARLIER STUDIES

For phase 1, a preliminary survey of Adult Health Study
subjects in the ABCC medical clinics, Hiroshima and
Nagasaki, determined frequency and location of their
exposure to medical X-ray in other hospitals and clinics,
between examinations at ABCC.® Reliability of subjects’
responses concerning ABCC examinations was determined.
The data were unreliable, because subjects could not
recall detailed information over a relatively long period.
In that survey, 10 or 12 interrogators were employed,
and interrogation method and response therefore varied.
Similar poor reliability of response has also been reported
in subsequent studies elsewhere.”

Adult Health Study subjects were later resurveyed for
the first phase of this program, with one principal and
one alternate interrogator in the ABCC Department of
Radiology, Hiroshima and Nagasaki.8 A total of 2503
subjects were interrogated concerning diagnostic medical
X-ray during a 3-month period prior to interrogation;
any past exposure by radiation therapy; and any occu-
pational exposure. Four hundred subjects reported
medical exposure in about 100 hospitals and clinics in
Hiroshima and Nagasaki, and a large number of exposures
by stationary and mobile photofluorographic units.

In the second part of the program, responsible hospitals
and clinics were surveyed for technical factors of exposure
used in the examinations reported by the subjeets.g In
spite of good cooperation, some details of exposure were
not recorded and could not be recalled by personnel in
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these institutions. This occurred more often in smaller
clinics, particularly for fluoroscopic examinations. The
study showed a wide range of technical factors was-
used in radiological practice, and dose data of investi-
gators in other countries®*® could not be readily applied to
situations of exposure in these hospitals and clinics.

Available Japanese data concerned only gonadal dose
for the general population.'” The dosimetry study,
step 3, was therefore undertaken using the data obtained
from the patient” and hospital’ surveys.

METHOD

Using dosimetric equipment described elsewhere,!’ hone
marrow dose and gonadal doses were measured according
to the method of Laughlin et al.® It was necessary to
make a number of alterations of a phantom available in
the ABCC Department of Radiology and to construct
additional phantom material to adapt to this methodology.
Skin dose was measured with a portable X-ray dose
meter and 35cc capacity ionization chambers. The
alterations of the phantom and basic procedures are also
described in another report.'' Using data obtained
from the hospital and clinic survey,’ X-ray examinations
of the interrogated subjects were duplicated at ABCC
using the ‘human’ phantom. The following radiographic
examinations were so assessed:
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MEBRIZIFPOTHRASR T AHBNRMEIZE LD TIE
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Examination 7 o fili 4fi Subjects i ¢
Chest, PA B s, FFMHME i 103
Chest, lateral BaER, MIHE e, 4
Rib examination, AP B8, BE® A ... 3
Intravenous pyelogram W&, #FIRIE ... 4
Pelvis, AP AR, BT L. 2
Scapula A e 3
Skull BHEE e 21
Thoracic spine BT e s 4
Gallbladder AR v mnsi s 10
Knee EEPRRE v 9
Lumbar spine BB oo s 20

DOSE CALCULATIONS

Gonadal and bone marrow doses were calculated for the
above examinations. Field or direct beam size was
based on film size and by calculating focal-film-distance,
cone size, etc. The body parts located in the direct beam

were determined according to a lattice system described

wEEH

L#EomE Iz o CERBRGR S L UCEHEEORE 2
T/, BETFZYLAHB#EOKRESE, 7400
ORESH6UIIHA - 700 ATHIEHE, RBUHOKE
&, FOMOBEMICETCTHRE LUz, BRI
HE8FEOEFTEMNIIRES N TR ARBTHIZL - Tk



elsewhere.”®  The location of the gonads was also
specified in that phantom.

Bone marrow dose was measured by chambers within
bone marrow cavities; female gonadal dose at ovary
position, and male gonadal dose at testis position. Active
bone marrow dose in gram-rad was calculated according
to the previously described bone marrow distribution.'?
Gonadal dose was expressed in milliroentgens (mR).

RESULTS

The largest number of examinations experienced by the
subjects were PA chest examinations. Individual gonadal
and bone marrow doses for PA chest examinations are
presented in Table 9,

The ranges of gonadal dose are shown in Table 1. The
majority of male subjects received from 0.001-0,099 mR;
the majority of female subjects received 0.01-0.99 mR.

The range of bone marrow dose for PA chest examinations
is shown in Table 2. The majority of subjects received
from 1.00-3.99 gram-rad per exposure.

TABLE 1 PA CHEST EXAMINATION DOSE RANGE
F 1 DR R JTm X A5 T A B o i D

GONADAL DOSE

He Tl DA Bt

Dose Range (mR) Male Female
R ] £
<0.001 14 3
0.001-0.0099 18 6
0.01 -0.099 12 23
0.1 -0.99 5 18
1.0 -9.9 - 4
Total it 49 54

The mean gonadal and bone marrow doses received by
subjects are shown in Table 3 by sex and by type of
institution. Gonadal dose is shown according to whether
the gonads were located within or outside the direct
beam of X-ray. When in the direct beam, female gonadal
dose was higher than male gonadal dose, for both large
and small institutions. This is consistent with shielding
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TEHNVTHL, AEMREO AL 12 1 [ BATY £~
N1.004 53.99 gram-rad OFEEOMBEAIED SN 5.

TABLE 2 PA CHEST EXAMINATION DOSE RANGE
# 2 BOHBE A X A AR I oo i B
BONE MARROW DOSE

il i
Dose Range (g-rad) Subjects
it W B
- 0.99 14
1.00- 1.99 21
2.00- 2.99 22
3.00- 3.99 20
4.00- 4.99 8
5.00- 5.99 11
6.00- 6,99 1
7.00- 7.99
8.00- 8.99 :
9.00- 9.99 2
10.00-19.99
20.00-29.,99
Total #t 103
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TABLE 3 PA-CHEST EXAMINATIONS, MEAN GONADAL AND BONE MARROW DOSE PER EXPOSURE
#3 MEEE M XA, BRAT L[ 2 ) P ERIRG R 5 X OV Bk R

Dose Hospitals #i iz Clinics [Ept
gt Male Female Male Female
5B % & %
Gonadal Inside beam
(mR)  #EMA ........... Mean dose FHH it 0.023 0.27 0.33 0.66
SRUELL S Exposures i it 0] # 3 9 4 16
Outside beam
AREES Mean dose 4 # it 0.0029 0.053 0.034 0.0046
Exposures MESf[E%% 20 18 22 11
Bone marrow (g-rad)
BHRE i Mean dose T##fit  3.70 3.22 4.09 2.86
Exposures B 4F [0l % 23 27 26 27

by a greater thickness of tissue in male subjects in the
PA projection. In cases where gonads were located
outside the useful beam, it was the larger institutions which
incurred the greater gonadal doses. This is attributed
to the ‘harder’ quality X-ray of the larger institutions.
However, smaller installations incurred a larger bone
marrow dose, and this is probably due to a better
collimation generally used in the larger institutions.

Table 4 shows gonadal and bone marrow doses for other
than PA chest examinations. No reliable dose ranges
were compiled, because of the small number of exposures
for each type of examination.

Sufficient numbers of PA chest exposures allowed
compilation of curves for gonadal dose and integral
absorbed bone marrow dose by the method of Epp et al.”
These doses were a function of filtration, peak kilovoltage,

cone and field size. Technical factors are shown in Table 5.

The curves are shown in Figure 2, plotted on log paper
for integral absorbed bone marrow dose, in gram-rad per
milliampere-seconds (mas). Gonadal dose in mR per mas
is shown in Figure 3.

These data are intended for application to practice in the
Hiroshima and Nagasaki community hospitals and clinics.

DISCUSSION

Gonadal and bone marrow dose values for all examinations
in this study are generally lower than those reported
elsewhere. [or comparison, gonadal dose in milliroentgens
in the Second Report of the Committee, Ministry of
Health, Scotland,'® are shown in Table 6 and gonadal
doses submitted to the UN Scientific Committee on the
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TABLE 4 GONADAL AND BONE MARROW DOSE
4 ERRARR S &S B

Gonadal Dose “Enifjg##t DBone Marrow Dose

MFE Number FExamination Projection A i it
Wk 4 B i BY A B Male % (MR) Female % (g-rad)
Chest 4 & Lateral {8 5 m) 0.015 - 1.50
. Lateral {f %1 0.08 . 9.27
Lateral {il % 0.225 - 10.0
Lateral il % @ - 1.81 1.19
Rib  fh & AP B Jim 0.09 . 50.2
AP M¥Hm £ 0.11 17.3
AP MW @ - 0.11 17.3
IVP AR S & AP M#HHm 2.55 - 20.3
AP B Jim 2:55 - 20.3
AP BEF Him - 29.1 20.8
AP BN Filh . 29.1 20.8
Pelvis it AP B Hin 314 . 32.3
AP B JiE 314 - 32.3
Scapula 7 & AP W Hm 0.108 - 31.8
AP WH Hm 0.108 - 31.8
PA #HH® 2 0.00162 0.355
T-Spine Ko AP B¥ Hm 0.4 - 26.1
AP M¥ HmE - 0.35 28.3
Lateral ] 7 i 0.3 - 52.8
Lateral {il i i - 0.015 37.1
Gallbladder #o# PA M@ 1.25 3.57
PA WM m 1.25 3.57
PA oblique ¥ B #1518 3.20 7.99
PA oblique I 2 4 i 3.20 7.99
PA oblique #F B &} 2 i 8.25 21.5
PA oblique 3 84 #1 4 1m 8.25 21.5
PA oblique # B &} 7 1A 8.25 21.5
PA oblique B #1 K51 9.60 14.5
PA oblique # B %} %5 1@ 9.60 14.5
PA oblique # B #} 75 1 10.90 14.5
Knee fif 415 AP B HiiE 0.011 0.000146
AP B A 0.035 0.000146
AP B Hm 0.085 0.0327
AP B i 0.138 0.0489
AP HW# him 0.384 0.122
Lateral ] 75 1m 0.003 0.00000418
Lateral {i 7 1 0.011 0.00000418
Lateral {fl 1m 0.138 0.0498
Lateral i #1a 0.384 0.0498
Skull ## PA W HiE . 5.52
PA #WHH@ - 8.50
PA #H A - 16.8
PA WA 0.06 15.8
PA WM Hm - 24.5
PA 31 J5 1 0.41 4.74
AP H A - 4.19
AP M Hm - 7.70
AP B¥H Hm - 16.5
AP B3 F i - 19.0
AP B K@ . 1.31
AP M3 . 8.60




MF Number Examination Projection Gonadal Dose “: i % 42 fit Bone;‘f\l‘larrow Dose
RAEAES e ¥ M R P Tanx
Skull ¥ # Lateral i Jif 5.18
Lateral {f J51a 6.53
Lateral 8 #1a 7.26
Lateral il i1 16.5
Lateral {1 #7 i 1.90
Lateral {8 7 4,69
Lateral il iy 4,69
Lateral {8 7 1f1 : 8.47
Lateral {8l 47 i 0,156 21.1
L-Spine §# ft AP M A 2.2 20.2
AP ¥ FmE 4.5 25.0
AP BEwhm 30 19.5
AP i 5 69.6 2.16
AP M A 103 36.8
AP B Al 120 23.9
AP MW Hm 170 65.7
AP ¥ Hm 180 34.7
AP oblique B3 %} 41 145 27.1
AP oblique 4§55 #51h 145 271
AP oblique %% 4 147 57.1
AP oblique 8 # & 41\ 147 57.1
Lateral il /1A 0.5 10.4
Lateral {1 4 14.9 46.9
Lateral {8 #7 i 17.3 53.8
Lateral (% @ e 37.8
Lateral {3 51 28.2 32.0
Lateral {il 4 39.0 32.6
Lateral {i # i 66.8 35.1
Lateral fif % f 67.2 38.1

TABLE 5 CONDITIONS FOR PA CHEST EXPOSURES

#5 ORI H i XSG oEESF
Filtration Cone Size Field Size
Arrangement et WMEROKE X HHEOKE Rerfmrks
A2 71 (mm Al (em ¢ ) (em #) &
Ay 0.5 No cone Bagtfis # L 110.0 Testis and ovary inside beam A3 & DR & ¢ (2 ERGEN
Ay 1.0 No cone #a#f# # L 110.0 Testis and ovary inside beam 3+ & OURNE & & (408
Ag 2.0 No cone BE&FH 2 L 110.0 Testis and ovary inside beam 3% & UUPNE & & 124 8ER
By 0.5 18.5 79.3 Testis outside but ovary inside %3, 12804408, 004 1 E5EN
Bo 1.0 18.5 79.3 Testis outside but ovary inside S AL 11§35, I0% (50 5EA
Bg 2.0 18.5 79.3 Testis outside but ovary inside 27 X888/, IP UL LB IHER
Cy 0.5 13.5 58.0 Testis and ovary outside beam 23 4 & 0N - & (- g0 45
Co 1.0 13.5 58.0 Testis and ovary outside beam %2 & & (R & & |2 &gl b}
C3 2.0 13.5 58.0 Testis and ovary outside beam #2314 & (M I4L & & 1245 a4t

Focus-Film-Distance #

Soe7 4 LH2ERE: 183cem

W

Conversion factor J# 3L {7 ¥ .

0.93 rad/R



TABLE 6 GENERAL DIAGNOSTIC RADIOLOGY: NATIONAL SURVEY, 1957.58
MEAN GONAD DOSE PER EXAMINATION (mR)

#6  —MRBWTE MRS SEMMT, 1957 -S8EMAE 1 @Y 4 ) OFHERERSRE ( mR)

Type of Examination Male Female Foetus
At oo F0L A e E's Bé R
1. Chest, heart, lung (excluding mass miniature radiography)
Badh, (Lo, BB (U ER B A R () 2.75 5.4 5.5
2. Barium meal FHY RO TEE s e s 44 333 448
3. Abdomen BOEBIR om0 R B e s 105 183 281
4. Obstetrical abdomen B EEF! i - 367 723
5. Intravenous pyelography MFIRIEE EIER e, 765 585 843
6. Pelvimetry TR .o it s s s 745 885
7. Pelvis, lumbar spine, lumbosacral joint 8%, REH, MEAUBAE . 370 392 536
8. Hip, upper femur X, REBER .o s 740 102 154

Effects of Atomic Radiation'’ are shown in Table 7.
Some reported marrow doses by diagnostic examinations

are shown in Table 8 for comparison. '’

The equipment, materials and methods used in this study
were reevaluated because of the relatively low bone
marrow and gonadal doses, but no source of error was
detected. Phantom thickness or density could conceivably
decrease dose, but the phantom material closely approxi-
mates the density of a patient on radiography. Position
of the anode of the X-ray tube was also considered as a
possible source of error, but this could not be substantiated.
In addition, the bone marrow dose, and not only the
gonadal dose, was relatively low. Wide variations in
dose have been found by various irn.'estigatm's14 elsewhere;
in many cases dose in such studies is not sufficient to be
detectable, for examinations, such as those of the chest.

Plans for a more extensive study have been made, so
that a wider range of dose values may be obtained. Data
for a greater number of diagnostic exposures are especially
desirable for Nagasaki subjects, particularly for other
than PA chest examinations. A longer survey of subjects
than the one which was used as a basis for the present
dosimetry study will provide this. In future studies, dose
estimations for photofluorographic examinations are
planned. Frequency of radiation therapy and character-
istics of radiological practice will be determined.

Rediological hazards 1o patients 13
B B0 B MR

A XFREA 2 BE D < Bl o= TH & ko -0 k8
U it

BEHHEES L OERMIRE R HE gL - 20, =
OWRBTTHVAER, RS IOHECBERFEZMA 2
A, BROFELL N ELORBDLAEP . A
RO E -IFEIGERAFE T L LN
2, XFEHIZE - THNRALEZZ TR AKEBE DM
Wik, NMEOEBEEIZELOTEMLAZLDTES . X
FEROBHBOMNBELBRBROBEREBD I3EE2605
A, TNEELESNBIZESL &d o . LRSI L
& &0 B LM IES 5 2 AR IZ B VT AT
REFERLNWESRECEEEI:H A ZBEEIBD SR
5.9 MEXEMmEL 0Bz AShE LSz, Zof
OB TCIHMBAEL THREOLAREZHENE 0.

FRMEERFE S EEVHEERICbAESTAFTES LS
LA AEEHE 2 TohTWwa., ZEiZEH
DFEBEMBHEIZIOOTIZRIA XBHEERN L 5 & %
CHE L, BRIz e SR B i X AR A L2k oo Mt 12 -
WTE3Th3. SA0HBRFEORAEE LEEELED
LEMIIbA s THERELREANRSILIZEST, ZThA
TEBA3THAS. SHBOPETI XHEMBERBEIC L2 H
S ROBMELERTIHE TS 5. REBRFEI TS
bh7-HE s L UHMBEEHFHOBOEHAL ISR
3TH59.



TABLE 7 GONAD DOSES AS SUBMITTED BY COUNTRIES AND EXAMINATIONS

BT WS ITET CEHD B & OB O R 4 I AR R

MALE % (meem)
Mass Chest, Stomach, Retrugrade Colon, Hip,
survey, Heart, Cholecys- Barium Urogra Pyelo Abdomen Barium  Pelvis Lumbar ~ Lumbo-  Upper  Femur
hist ﬁ[é;ng tography meal desce;lt ng graphy © enema spine sacral femur
B ag v g W, 2N REEE WESE KHg, /%Y W
BB: 2 5 s o 5] B A e ' K
wEkE B Y e wax e 0 Lo T R
Argentina (Buenos Aires)?
TN+ F »( Buenos Aires ). .. 10 5 60 60 700 600 150 300 600 200 230 600
Denmark
s At 0.3 0.4 - 20 1019 2580 610 40 567 104 980
Federal Repubhc of Germany (Hamburg)
KA 2B mE( Hamburg ) . 0.2 0.5 4 65 241 311 88 890 275 63 565 1520
France
i S 30d 45 90 390 1900 250 134 1500 250 1200
Italy
A 2P s & 0.5 12 123 940 141 239 1130 234 —586 —
Japan
g 0.1 1 2 13 631 220 1310 1490 767 1700 691
Netherlands (Leiden)
* 7 ¥ ¥( Leiden ) ...ooovvvernn, 0.4 2 3 4 512 423 92 25 157 16 60 3233
Norway
EAE a7 B S ORI 0.1 1 3 3 15 217 65 185 376 —130b 384 407
Sweden©
P D T s 0.8 2 6 14 1240 3700 1360 310 870 —940b _ 1090 830
Switzerland
A4 A, 2 0.4 10 20 1000 1000 150 1200 150 100
United Arab Repuhhc
TG 5 5 70 500 100 255
United Kingdom
E 0.1 3 8 44 —765 — 105 146 — 37 740
FEMALE % (mrem)
Mass  Chest, Stomach, Retrograde Obstetrical Colon, Hip,
Survey, Heart, Cholecys- Barium Urography Pyelo- Abdomen abdomen Pelvimetry Barium Pelvis Lumbar Lumbo-  Upper Femur
hest Lung tography  meal descengmg graphy ® enema spine  sacral femur
Wik B, U oy W S0 RESER REGE e e e C0 g ome omor  E®
WEHE W, AR T L m i FiTA M HBR RN Liemar P % 3 Sl
Argentina (Buenos Aires)®
7 L4 ¥ 7 ¥ ( Buenos Aires ) 15 10 90 90 900 800 200 800 900 450 700 400 600 600
Denmark
Frw—2 0.2 0.1 16 9 565 1136 85 190 822 20 210 222 58
Federal Republic of Germany (Hamburg)
B A ol A Hamburg ) 0.3 07 35 67 439 657 128 680 600 2530 94 183 402 214
France
R e T R R S 30d 105 300 4500 1800 376 1600 1200 264 1300 700 180
Ttaly
A9 Wi amsnaresunssssnain 11 1.0 156 411 1060 210 399 1250 1050 330 570 )
Japan
= R T TR Y 0.4 13 80 1108 92 49 162 322 2200 80 121 116 31
Netherlands (Leiden)
F T F( Leiden ) wainisiin 0.4 2 4 6 604 1608 132 100 613 142 47 790 140
Norway
VLU B A (R ———— 1 2 8 18 125 403 178 400 800 2050 135 —592b _ 159 10
Sweden ©
AL = F Y i L6 4 17 29 925 1940 1150 265 1080 1520 200 —agob 260 35
Switzerland
A4 A, 1.0 5 50 1000 1000 1500 1500 200 300 500 300
United Arab Rapuhllc
TITHAE ... 5 b 470 320 600 270
United ngdom
® E. 0.1 5 299 333 —585 — 183 367 745 464 —_— 392 —— 102
a Radiographs, not examinations i1z, R T4

b In these countries the two types of examinations are combined CH S NE TR Z>OMR OB FELI2 AL TIT LTV 3

¢ Hip only; femur only 8D 4 ; KEE &
d

e

Including urethrocystography Rt B Bt i B &

RS

10

Estimate from contribution due to flusroscopic examinations in private practice M EE D EHERE AT TR L AR ROKE

United Nations!0  [33%



TABLE 8 MEAN MARROW DOSES FROM DIAGNOSTIC X-RAY EXPOSURE (excluding Mass Surveys of the Chest)

£ BT XML 3 T B SR (RS XEREOHRSEBR )
Mean Marrow Dose (mrem) Epp et al. U.S.A **+*
Examination FaRuAR AE. Ep5ick3
BEoRY the Comptiecs Demmarkse AP Lat,
1958 E Z A 2WME 1 % {81 H
Head U= 50 s 5 .
Spine  Cervical ¥if 50 2 10 3
# M Dorsal B 400 200 30 90
Lumbar FEHE .. 400 100 50 180
Lumbosacral vegion IBEER oo inis s 300 - 2 .
Pelvis A 20 30 70 180
Hip, including upper femur %4 & & O AR B85 oo, 30 20 35
Armiand hand!  BFE IR i s s o 2 0.2
Thorax (ribs and sternum) BRSO & & OB E) oo 200 150 - .
Chest (regular) B85 CHMA R ) e 40 20 PA 1.3 4.5
Gallbladder Jii¥ 3 400 150
Stomach (barium meal), upper GI B (/%0 % A@ F i), LW AW 500 200
Calon (barium enema), lower GI kM ( 280 & AEIBiE), FTHEBE 700 200
Abdomen MR cmmmsempan e 50 30
Urography BRI T vttt S R RS 200 80
Retrograde pyelography 3 471 % & & i 100 30
Urethrocystography BB BESE R oo, 300
Pelvimetry TAEREI s 800
Obstetrical abdomen BEEEZETH ..o, 100 :
Hysterosalpingography - & 8045 it 2 100 25
Dental TR v o s A B A 20

*  Radiography only. E{{EHE D &,

o

In Buhl's investigation the dose caleulations are based upon the figures for the distribution of active marrow presented by the Committee.

Buhl D MBECUHMBUHTREFAZRB A2 2FEHOFTHICMT I RFEIXTOTHF L bR

The technical factors used are those of the Memorial Hospital, New York. The doses are those that arise from well collimated and aligned fields.

The dose due to the scatter outside the direct beam has been included but not the effect due to the photo-electrons from the bone.
CZTHO LN AT RAE New York REMIECHRBALTVAS4 0. MBI 25V CRROT Ch BB F L THEELY
DT, BELHOIBMERCLEIBREEETN Y, Ao RF3RAF L3RBT EEE 20,

SUMMARY

A dosimetry study involving the exposure of partici-
pants in the ABCC-JNIH Adult Health Study to
medical X-ray in Hiroshima and Nagasaki community
hospitals is described. Bone marrow and gonadal doses
for a variety of diagnostic examinations are given, as
well as ranges of dose for PA chest examinations. Also
included are graphs from which bone marrow and gonadal
doses can be computed according to certain exposure
factors used in community hospitals and clinies. Individual
doses by PA chest examinations are appended (Table 9).

11

United Nations!? [E8

® B

ABCC — Fif o AMEHFERETE O S &4 H, Lk X
UM B Wi ) b JC R R B TRRST & 2 0 2 BT o W3R 12 -
WOHE LA, EMOBHHEXEEICH 5 TR
Bk UE R IRAREL &, BOEREE I 50 XARFRT D 0 B
BERofEE e b RE L. WITRER THRBT 2
—EOBEBSEFIIED EMAE S £ UM RO H
WHZ 7 7 &8, BEWE TN XEREIZSTS4
Ao@BgmiftRIoRLAE(F9).



TABLE 9 PA-CHEST EXAMINATION Master File Dose it

Number

%9 JaspIFm Fim X R KA e e Rl
Female #
Master File Dose #iit < 0.001 1.1
Number - ; - "
Sk LR Gonad (mR) Bone Marrow (g-rad) <0.001 0.878
. B SRR g <0.001 0.867
<0.001 1.01
Male 2 0.0015 1.23
< 0.001 0.230 0.0015 1.23
< 0.001 0.637 0.0015 1.23
< 0.001 0.867 0.0021 1;:19
< 0.001 1.01 0.0038 2.55
< 0.001 1511 0.011 2.24
< 0.001 1.19 0.012 1.81
< 0.001 0.564 0.012 1.81
< 0.001 0.732 0.015 0.888
< 0,001 0.732 0.016 3.09
< 0,001 0.742 0.017 3.43
< 0,001 1.99 0,021 2.28
<0.001 3.15 0.021 2.28
<0.001 3.02 0.022 3.26
<0.001 1.31 0.028 1.14
0.00125 2.36 0.029 4.37
0.0013 4.78 0.032 3.99
0.0020 2.28 0.033 0.899
0.0025 1.18 0.046 5.77
0.0027 4.80 0.046 5.77
0.0027 4.80 0.046 5.77
0.0028 4.36 0.046 BT
0.0028 4.36 0.046 BT
0.0029 3.51 0.058 2.97
0.0035 5.45 0.089 0.961
0.0036 6.00 0.096 1.87
0.0039 1.33 0.096 1.87
0.0045 4.23 0.096 1.87
0.0047 5.77 0.11 2.84
0.0069 3.20 0.11 3.18
0.0079 3.97 0.14 1.87
0.0079 3.96 0.17 3.38
0.0083 3.27 0.22 3.38
0.015 2.20 0.29 1.56
0.015 2.20 0.34 2.70
0.015 2.20 0.38 3.35
0.018 14.0 0.39 3.00
0.020 2.00 0.41 3.00
0.021 5.29 0.46 L1
0.022 10.3 0.46 2.83
0.024 3.00 0.56 4.37
0.025 3.00 0.59 2.55
0.035 11.5 0.76 3.51
0.035 1.53 0.76 2.84
0.085 4.02 0.78 3.15
0.10 22,6 0.79 3.77
0.36 2,22 1.00 3.26
0.37 2.75 1.00 3.26
0.42 9.58 1.50 5.80
0.58 6.37 1.80 13.1

12
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FIGURE 2 PA-CHEST EXAMINATION - BONE MARROW DOSE
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Gonadal Dose (mR/mAs)

FIGURE 3 PA . CHEST EXAMINATION GONADAL DOSE
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