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DOSE TO THE ACTIVE BONE MARROW, GONADS, AND SKIN FROM
ROENT GENOGRAPHY AND FLUOROSCOPY

XBBETBSLIUVEARELC LI IEEBHRE,
SEBRESIUVEERE

SHIGETOSHI ANTOKU, Ph.D. ( ##® & )", WALTER J. RUSSELL, M.D,

Depariment of Radiology
HoatsR sl

SUMMARY

-

Using phantom dosimetry, bone marrow integral,
gonadal, and skin doses were calculated for nearly all
radiographic and fluoroscopic examinations conduct-
ed in the ABCC Department of Radiology. The data
are included in tabular form for reference purposes.
They are also being used in a continuing investigation
of the contribution of medical X-ray to the total
exposure experience of A-bomb survivors. Results
obtained in this study were compared with those
published by other investigators.

BACKGROUND

In this study doses from roentgenologic procedures
in the ABCC Department of Radiology were measured
for entering into the records of each patient; for
comparing the doses from these various procedures;
and to compare these with doses reported by
other investigators.

The present study was prompted for several reasons.
In the long-term follow-up investigations of A-bomb
survivors for possible late effects of ionizing radiation
exposure, it was necessary to assess medical X-ray
as a concomitantly-acting contaminant. Radiological
examinations they receive as participants in the
ABCC-INIH Adult Health Study are one source of
such exposure. A-bomb survivors might conceivably
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receive greater medical X-ray exposure than the
general population, either because of disease or
apprehension thereof, Dose data of one institution
are not readily applicable to the examinations of
others unless the factors of exposure are gimilar.!
Epp et al>*? compiled data specifically for applica-
tion to examinations of any radiology department
within given parameters, but examinations of all body
sites were not included in their reports. Further-
more, genetically significant doses available for all
Japan4 were not readily applicable to the popula-
tions of Hiroshima and Nagasaki, nor to Adult
Health Study subjects® examined in the Department
of Radiology, and our interests center more around
individual subjects than on populations in general.
Little data are available concerning dose to the active
bone marrow in diagnostic roentgenology. We are
especially interested in bone marrow dose because of
the increased incidence of myeloproliferative diseases
among A-bomb survivors.® In the literature available
to us, we were able to find only a few reports which
included dose to the active bone marrow from diag-
nostic roentgenography.

We measured doses for nearly all our adult roentgeno-
graphic and fluoroscopic examinations. Skin doses
were included to facilitate comparison with previous-
ly published data and for a gross comparison with
A-bomb doses. The data may also be used by other
radiology departments whose roentgenologic exami-
nations encompass technical factors within similar
parameters.

EQUIPMENT

X-ray Apparatus. The roentgenographic and fluoro-
scopic units used in this study are shown in the
Appendix. Each unit was assessed for radiation
output and quality. Dosimetry was performed with
the type of unit used for the particular roentgeno-
logical examination.

Recorded Data. Figure 1 shows the technique card
(RAD 5) used since this department began in 1948,
The exposure factors are routinely entered by the
radiologic technicians at each examination in the
spaces provided. The average exposure factors used
in examinations in this department were determined
from these recorded data. Since kvp and ma were
constant for earlier fluoroscopy, only fluoroscopy
time was recorded. In our image amplifiers, kvp is
automatically varied according to body density.

Phantom. Doses obtained in this study are based on
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FIGURE 1 TECHNIQUE CARD

1

exposures of a phantom adult human. It contains a
complete skeleton, beeswax-impregnated cellulose for
lungs, and Mix-D to approximate soft tissue density.
It also contains 16 drawer-like receptacles for ioniza-
tion chambers to measure bone marrow and gonad
dose, after the method of Laughlin et al.” The
chamber positions are as follows: Skull vertex, C4,
T6, T12, L5 vertebrae, body of sternum, lateral
portions of both 6th ribs, both iliac crests, trochante-
ric regions of both femurs, symphysis pubis, and the
regions of the male and female gonads. The drawer
arrangement facilitates easy removal and replacement
of the ionization chambers before and after dose
measurements. The phantom was sectioned for
easier handling and portability, and is shown in
Figure 2.

The lower portion of the thorax and upper portion of
the abdomen have a removable Mix-D section con-
taining a likeness of a barium-filled stomach and
duodenum to assess dose during upper gastrointesti-
nal series (Figure 3).

Ionization Chambers and Electrometers. Memorial
ionization chambers were used in the drawer recep-
tacles. Their relatively small size permits their
insertion into marrow cavity and gonad regions.
These chambers are highly sensitive, and relatively
free of energy and directional cle[:venderlcfx8 They
were used with a Baldwin-Farmer type RB electro-
meter. An Electronic Instruments Limited (EIL)
dose meter, Model 37A,9 and EIL ionization cham-
bers'® of 35 cc capacity were used to estimate
radiation quality and measure skin dose.
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FIGURE 2 Entire Mix-D Phantom Contagining Skeleton
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Active Bone Marrow. A lattice describing bone
marrow location'! facilitated calculation of dose to
the active bone marrow according to field size,
location, and depth. The calculation of bone
marrow integral dose according to chamber readings
has been described pl’eViOUSly.l 2

METHOD

Skin, bone marrow integral, and gonadal doses were
determined for nearly all our exposures and examina-
tions. When low doses were encountered, as with
ionization chambers located at some distance from
the direct beam, multiple exposures were made.
Regardless of tube voltage, the maximum exposure
used was 2000 mas. If insufficient to register on the
electrometer, dose was then calculated according to
measurements of scattered radiation within a plain
Mix-D block phantom.

All doses were calculated by phantom dosimetry
except for a few examinations with similar but
slightly different projections and technical factors,
whose dose was interpolated from phantom dosimetry
data; and fluoroscopic examinations for which film

FIGURE 3 Skull, Thorax, and Abdomen of Phantom with
Insert Containing Simulated Stomach and Duodenum
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densitometry data were used to outline field expo-
sure patterns. Three ABCC radiologists examined the
phantom human with film jackets attached, simulat-
ing chest fluoroscopy, upper gastrointestinal series,
and barium enemas. Skin dose was estimated
according to film exposure, and bone marrow integ-
ral and gonadal doses were calculated from depth
dose and scattered dose data. This methodology has
been described in detail elsewhere.!3

Bone marrow integral dose here refers to the average
energy dissipated in the bone marrow during an
exposure to a diagnostic X-ray procedure, and was
obtained by weighting the measured absorbed dose at
various points in the bone marrow according to the
amount of active marrow, after the methods of
Laughlin et al.”

RESULTS

Table 1 shows the average technical factors and bone
marrow integral, gonadal and skin doses for each
exposure. .

The most important factor affecting gonadal dose is
whether a structure is within the direct beam of
X-rays. This is well illustrated by male and female
gonadal doses in abdominal and lumbar spine exami-
nations, and especially in barium enemas. Dose falls
off rapidly outside the direct beam margin. Surface
dose increases with field size, to a maximum at about
30 X 30 c¢m, then remains relatively constant.
Relatively high kvp (120) and added filtration lowered
skin dose, but use of grids required an increase in
mas by a factor as high as 10, without sparing dose to
the ovaries and active bone marrow.

DISCUSSION

Of all examinations, those employing fluoroscopy
incurred the highest gonadal and bone marrow doses -
barium enema examinations in particular. Dose from
fluoroscopy using a conventional unit exceeded that
of an image intensifier by a factor of 4-5.

There are relatively few published reports of bone
marrow integral dose from these types of examina-
tions. Results of some previous reports are com-
pared with those of the present study in Table 2.

In general, doses obtained in the present study were
lower. Tube voltages, milliampere-seconds, added
filtration and field sizes vary, but no such factors
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TABLE I DOSE FROM ROENTGENOGRAPHY AND FLUOROSCOPY, ABCC DEPARTMENT OF RADIOLOGY

#1 X HhE

B & UEBRBEIC L AR, ABCC HaHRES

Average

Added

Site of O hick- : ; s Bone Marrow adal 5 Surface
Examination Erojection Tnelgsk Fll{;:ic?lljze VD mAS Ftl_ligrlf. (Ilrfcg} Intezgral dD = Gﬁ&ed ose (mﬁl‘-elilll.le DOSE
(cm) (mmAl) g-rad) (mrad)
Skull x+ PA 19 10 X 12 84 20 3.0 36 8.56 0.93 O 0.11 0 111
Lateral 16 10 X 12 74 20 3.0 36 10.2 0.04 O 0.05 0 96.6
Occipital 23 10 X 12 90 20 3.0 36 12.6 0.38 O 0.32 0 171
Submentovertex 23 10 X 12 90 20 3.0 36 12.5 0.04 O 0.13 0 147
AP* 19 10 X 12 84 20 3.0 36 5.7 0.93 0 0.11 0 110
Paranasal sinuses x Caldwell, Waters 19 8 x 10 78 20 3.0 36 3.07 <0.01 © <0.01 O 117
Lateral 16 8 X 10 66 20 3.0 36 3.25 <0.01 O <0.01 O 90.2
Submentovertex 25 8 %X 10 B6 20 3.0 36 2.19 <0.01 O <0.01 O 120
Mastoids x PA 22 8 X 10 74 20 3.0 36 0.86 <0.01 O <0.01 O 60.8
Stenvers, Law's 16 8 X 10 78 20 3.0 36 1.27 <0.01 O <0.01 O 65.7
Occipital + 25 10 X 12 90 20 3.0 36 1.96 0.38 O 0.32 0 171
Mandible PA*x+ 19 10 X 12 84 20 3.0 36 3.1 <0.01 O <0.01 O 120
Oblique* 16 8 X 10 68 20 2.5 40 3.1 <0.01 0 <0.01 O 120
Lateral*x+ 16 10 X 12 70 20 3.0 36 1.3 <0.01 © <0.01 O 66
Neck (soft tissue) AP 13 8 X 10 100 5 5.5 72 0.34 <0.01 O <0.01 O 7.94
Lateral 13 8 X 10 100 5 2.5 72 0.39 <0.01 O <0.01 O 6.92
Cervical spine AP 13 8 X 10 90 20 2.5 40 2.87 0.02 O 0.02 0 98.1
Lateral 13 8 % 10 92 40 2.5 72 1.40 <0.01 O <0.01 O 34.6
Oblique* 16 8 X 10 80 40 2.5 72 2.1 0.01 O 0.01 O 66
Thoracic spine AP 20 11 X 14 100 30 2.5 40 18.2 0.19 0 0.26 O 249
Lateral 30 11 X 14 110 60 2.5 40 55.3 0.17 0 0.5¢ O 707
Oblique* 25 11 X 14 100 40 2.5 40 31 0.18 O 0.35 0 400
(small cone) AP* 20 8 X 10 100 30 2.5 40 13 0.14 O 0.19 0 250
(small cone) Lateral®* 30 8 % 10 110 [5)] 2.5 40) 40 0.12 0 0.39 O 710
Lumbar spine AP 17 11 X 14 100 30 2.5 10 25.7 14.7 O 0.4 @ 221
Lateral a7 11 X 14 120 60 2.5 40 57.2 9.77 O 61.5 @ 820
(small cone) Lateral* 27 8 % 10 120 70 2.5 40 39 570 7 e 820
Oblique* 24 11 X 14 120 40 2.5 40 34 20 O 94 @ 200
Lumbosacral spine Lateral® 30 11 X 14 120 70 25 40 41 55 O 82 @ 1100
Pelvis AP 17 11 X 14 100 30 2.5 40 28.9 83.0 @ 79.0 @ 219
Lateral* 30 11 X 14 120 70 2.5 40 64 55 @ 82 @ 1100
Oblique* 22 11 X 14 100 40 2.5 40 47 110 @ 110 @ 660
Sacroiliac joint Oblique* 22 11 x 14 100 40 2.5 40 39 110 @ 110 ® 660
Sacrum AP* 19 10 X 12 100 30 2.5 40 26 83 @ 79 @ 220
Lateral* 27 10 X 12 120 60 2.5 40 41 5 @ 82 @ 1100
Shoulder AP 16 8 X 10 80 20 2.5 40 2 .81 <0.01 O 0.02 0 68.9
Arm AP, lateral 10 11 X 14/2 70 5 2.5 40 <1 <0.01 O <0.01 O —
Forearm AP, lateral 8 10 X 12/2 66 5 2.5 40 <1 <0.01 O <0.01 O e
Hand, wrist PA, oblique, lateral 4 10 X 12 54 5 2.5 40 <1 <0.01 O <0.01 © _—




TABLE 1 Cont.

Average Added
Site of i, Thick-  Film Size Filtrs- BED  Done Mamow Gonadal Dose (mrad) Surface
Examination Projection ness (inch) kVp neh tion (inch) Integral Dose Male Female Bose
(cm) (mmAl) (g-rad) (mrad)
Upper gastroin- Fluoroscopy 17 90 2.5 34.0/min 12.4/min O 81.1/min O 1220/
testinal series (conv)** min
Fluoroscopy 17 90t 3.0 7.21/min 0.348/min O 12.8/min O 328/
(image)** min
Spot** 17 8 X 10 90 PHT 3.0 1.35 0.07 O 2.68 O 101
AP (survey film) 17 14 X 17 100 20 2.5 40 17.7 11.6 (6.59) 0 51.1 @ 159
PA 17 14 X% 17 120 20 2.5 40 39.0 7.54 O 33.1e 265
RAO 45?} Flx. 22 11 X 14 120 30 2.5 40 46.5 3.20 0 29.6 @ 400
RAO 60° 26 11 X 14 120 40 205 40 34.7 3.65 O 247 @ 413
Small-bowel series Fluoroscopy 17 90 2.5 73 /min 37/min O 320/min @ 1800/
(conv)* min
Fluoroscopy 17 90t 3.0 19/min 5.7/min O 77/min @ 400/
(image)* min
Spot* 17 8 X 10 90 PHT 3.0 7.3 15 O 52 @ 440
AP* 17 14 X 17 120 20 2.5 40 22 30 O 68 @ 260
Gallbladder series PA prone 17 14 X 17 120 20 2.5 40 41.4 11.0 © 389 e 223
Prone oblique 22 8 x 10 120 30 2.5 40 28.8 5.59 © 380 322
Erect oblique x 22 8 X 10 90 20 3.0 36 11.1 0.80 O 5.69 O 139
Fluoroscopy 17 90 2.5 20/min 0.2/min O 1.8/min 0 1200/
(conv)* min
Fluoroscopy 17 901 3.0 6.7/min 0.1/min O 0.6/min O 400/
(image)* min
Spot* 17 8 x 10 90 PHT 3.0 11 1.00 7.10 173
Barium enema AP (Survey film) 17 14 X 17 120 20 2.6 40 75.5 60.2 O 132 @ 675
Fluoroscopy 17 90 2.5 112/min 62.0/min O 562/min @ 2410/
(conv)** ) min
Fluoroscopy 17 a0t 3.0 30/min 11/min O 140/min @ 480/
(image)** min
Spot** 17 8 X 10 90 PHT 3.0 5.90 3.20 O 28.00 110
Intravenous AP abdomen 17 14 X 17 120 30 2.5 40 75.5 60.2(17.990 132 @ 675
urogram (KUB)
AP bladder 20 14 X 17 120 30 2.5 40 102 181 @ 105 @ 659
Intravenous
cholangiogram PA* 17 14 X 17 120 20 2.5 40 31 8.3 0 20 @ 170
Oblique* 22 11 X 14 120 30 2.5 40 47 12 0 4 @ 250
Myelogram Fluoroscopy 17 90 2.5 54/min 25/min O 200/min @ 1500/
(conv)* : y : min
Fluoroscopy 17 90f 3.0 13/min 3.0/min O 45/min @ 360/
(image)* min
Spot* 17 8 X 10 90 PHT 3.0 28 16 O %0 820




TABLE 1 Cond.

Average Added
Site of a0 Thick-  Film Size i . Wligss PRy poneMemow Gonadal Dose (mrad) Slxice
Examination Projection ness (inch) kVp mAS tion (inch) qategral dDose Male Female (D;)asg)
(cm) (mmAl) (g-rad) B
Thigh AP 17 14 X 17 100 20 2.5 40 20.4 108 (16.7) @ 60.0 @ 153
Iite_l'a_l 17 14 X 17 100 20 2.5 40 8.2 16.7 @ 139 @ 175
Leg (tibia, fibula) AP, lateral 12 14 X 17 74 5 2.5 20 <1 <0.01 O <0.01 O —
Chest P_A 21 14 = 17 100 5 2.5 2 1.7¢ 0.02 0 0.04 O 9.21
Lateral 32 14 = 17 110 15 2.5 T 3.29 0.03 0 0.08 O 37
Lg_rdotic_* 23 11 x 14 100 10 2.5 72 1.6 0.02 0 0.02 0 18
Oblique* 27 14 X 17 100 10 2.5 72 2.3 0.02 0 0.04 O 17
Bucky PA 20 14 = 17 100 4 2o 72 14 0.16 O 0.32 O 74
Bucky lateral 30 14 = 17 110 80 2.5 72 18 0.16 O 0.43 O 200
Bucky oblique* 25 14 = 17 100 i) 2.9 72 17 0.18 0 0.40 O 130
AP 20 14 X 17 100 5 +.5 60 1.0 0.03 O 0.050 9.21
Barium lateral 30 14 X 17 110 15 2.h 72 3.3 0.03 © 0.08 O 37
Barium oblique* 25 14 x 17 100 10 2.5 72 2.3 0.02 0 0.04 O 17
Stereoscopic* 20 14 = 17 100 5 2.5 72 1.7 0.02 0 0.04 O 9.2
Decubitus* 20 14 x 17 100 5 2.5 72 1.7 0.02 O 0.04 O 9.2
Abdomen AP 17 14 X 17 100 20 2.5 40 17.7 11.6(6.59) 0 51.1 @ 159
PA* 17 14 X 17 100 20 2.5 40 33 3.30 16 @ 160
Lateral* 27 14 % 17 120 60 2.5 40 57.2 9.77 O 61.5 @ 820
Oblique* 22 14 X 17 100 30 2.5 40 27 17 O T e 240
Rib PA 20 14 X 17 100 5 2.5 T2 1.73 0.02 O 0.04 O 9.21
PA oblique 25 10 X 12 90 10 2.5 36 14.9 0.13 0 0.37 0 151
Chest Fluoroscopy 90 2.5 37.2/min 0.34/min O 1.52/min O 1270/min
(conv)**
Fluoroscopy 90t 3.0 4 _80/min 0.03/min Q 0.38/min O  150/min
(image)**
Spot** 20 8 X 10 90 PHT 3.0 4.20 0.04 O 0.06 O 46
Bronchogram Fluoroscopy 90 3y 30/min 0.30/min O 1.4/min O IOOQ/
(conv)* : . ) min
Fluoroscopy 901 3.0 3.9/min 0.03/min O 0.35/min 0 120/
(image)* min
. 20 14 X 17 100 7 2.6 T2 2.42 0.03 © 0.06 O 12.9
Lateral* 30 14 X 17 110 15 2.5 72 3.29 0.03 0 0.08 0 37
Oblique* 25 14 X 17 100 10 2.5 72 2.3 0.02 0 0.04 O 17
Pharynx Fluoroscopy 90 2.5 30/min <0.01/min © <0.01/min O 680/
conv)* min
Flt(lorosc)apy 901 3.0 5.3/min <0.01/min O <0.01/min O 11Q/
(image)* min
Spot* 20 8 X 10 90  PHT 3.0 -3 <0.01 O <0.01 0 15
Barium swallow Fluoroscopy 90 2.5 30/min 0.30/min O 1.4/min 0 1000/
* min
Fll':g;z:gopy 90t 3.0 3.9/min 0.03/min O 0.35/min O IEQ/
(image)* min
Spot* 20 8 X 10 90 PHT 3.0 - 4.2 0.04 O 0.06 O 46.0
Esophagram PA* 20 14 X 17 100 5 2.5 72 1.7 0.02 0 0.04 O 9.2
~ heart - -
;:ri‘::f e Lateral®* 30 14 »x 17 110 15 2.5 72 3.3 0.03 © 0.08 0 37
Oblique* 25 14 X 17 100 8 2.5 72 1.84 0.02 0O 0.03 O 13.8

——



TABLE 1 Cont.

Average Added
. : : X : Bone Marrow Surface
Site of 3 i Thick- Film Size Filtra- FFD Gonadal Dose (mrad)
Examination Projection ness (inch) kVp mAS tion (inch) Integral dI})ose Male Female (E?asg)
(cm) (mmAl) (gra
Hysterosalpingo-
gram Stereoscopic* 17 10 % 12 120 30 2.5 40 31 3 e 210
Oblique* 22 10 X 12 120 30 2.5 40 31 110 @ 680
Fluoroscopy 17 ] 2.5 110/min 560/min @ 2400/
(conv)* min
Fluoroscopy 17 901 3.0 30/min 140/min @ 480/
(image)* min
Spot* 17 8 X 10 90 PHT 3.0 19 61 @ 200
Skull tomogram AP* 19 8 X 10 120 20 2.5 40 16 <0.01 O <0.01 O 210
Pneumoencephalo-
gram PA* 19 10 X 12 84 20 2.5 36 8.6 0.93 © 0.11 0 110
Lateral* 16 10 X 12 70 26 2.5 36 10 0.04 © 0.50 O 97
Paranasal sinuses Tomo PA* 19 8 X 10 120 20 2.5 40 16 <0.01 © <0.01 O 210
Tomo submento- 25 8 X 10 120 20 235 40 16 <0.01 O <0.01 O 210
vertex*
Thoracic spine Tomo AP* 20 8 x 10 110 20 2.9 40 18 0.17 O 0.21 © 190
Tomo lateral* 30 8 X 10 80 150 2.5 40 24 0.07 O 0.24 O 310
Chest tomogram AP 20 8 X 10 90 20 2.5 . 40 8.47 0.080 0.10 © 91.6
Lateral* 30 8 X 10 120 20 2.5 v 40 16 0.12 0 0.20 O 370
Lumbar spine Tomo AP* 17 8 X 10 80 150 2.5 40 54 310 148 @ 470
Pelvis Tomo* 17 8 X 10 120 20 2.5 40 21 8 e Bl e 220
Gallbladder Tomo PA* 190 8 % 10 120 20 2.8 40 51 560 38 O 470
Intravenous
urogram Tomo*, kidneys 17 11 x 14 120 20 2ud 40 33 120 80 @ 450
Routine projections per examination are underlined. #7123 17 50K 0 Mg i@ 1203 TFa#Ef LA
Collimators were used in all radiography, except with skull unit in which cones were used unless otherwise indicated.
TANTORBIEDSFREATVLA, AX LESREER TR, FoEFA BRI BHERAERE TS,
Image Image-intensifier luoroscopy. 4 A — % A ¥ 7 ¥ ¥ 7+ 4 7T —BHHHE x  Skull wunit. SEHBEERE
PHT  Phototimer. A e + Nocone. BEGER 2 L
t kVp for fluoroscopy with image intensifier varied as automatic brightness control. Conv. Conventional fluoroscopy. % &M E

AA=Y 427207247 -ERTEAMBEEREIZE > Thvp & D
mA for fluoroscopy with image intensifier was0.50r1.0. { A —-% 4 2722774 7—BEOma 1$0.5F2121.0
mA for fluoroscopy with conventional unit was 3.0. S OER O ma (33,0
All doses were calculated by phantom dosimetry with ionization chambers in the phantom except:
*Dose from phantom dosimetry data of examinations with similar conditions and technical factors of exposure
**Dose calculated from surface dose obtained by film densitometry and ionization chambers.
Doses in parentheses indicate.male gonads were shielded with lead apron.
REFRTLOEBOTTXNTOHRBE 7 > v F- L pO@BNCE - THenAMEMASFH S AL
* HMREZFOMAFUTOEIHRED 7 > ¥ b— L OMEMEA, 53 H & h g
k% 74 L AOBAES FUESHEE B oA RESKS S TR S NLER
Ao ZHOBREBHEEMBIBERIA TS EDMERT
Gonad locations with respect to the direct x-ray beam: O outside; @ inside during some of the exposures; @ inside.
Radiography x-ray beams were collimated to a field slightly larger than the film size. The mean "overlap’ of the x-ray beam beyond the film on a side was 1.5 and
1.3 c¢m for the long and short dimensions for all film sizes.
BEX T A ERMBOME: OB O LSBT THEERN; o BMikN
BRI BT AX S 7 LA L L0 bFrohksulBECEsAl. 7ILLAZHIAXBEORESRIRTO7 VA2V TRES L FEGO LT, £AFR1E
FEU1L.3 emTh - 7=,



TABLE 2 COMPARISON OF MEAN BONE MARROW DOSES (mrem)

#2 FEHEMESEROLE (mrem )
Number of Investigators ®&#
Examinations Exposures* Hiroshima Present
B 58 51 8 UN Report'® Buhl'* Eppetal’® Adrian**'® Nagasaki***  Study
[ 34 9 05 HE - & 7 B %
Skull 1PA + 1AP + 2Lat.
50 - - 32 70 25
Cervical spine Fiff 1PA + 1AP + 2Lat.
50 = 5 54 48 7.8
Chest K 1PA + 1Lat. 40 20 5.8 12 22 50
Thoracic spine i 1AP + 1Lat. + 10bL
400 200 170 200 76 110
Abdomen M# 1AP 50 30 = 120 34 18
Lumbar spine %1 1AP + 2 Lat. 400 100 440 270 180 150
Entravenous pyelogram 5AP 200 . - 580 230 400
;eﬁis B8 1AP 20 30 38 130 47 30

*For comparison, present study doses were calculated according to number of exposures given by the UN Report, !

4

hEorn, AFEOSRIEESEEY CRLTHIBHEEB M THES A,
**Nyumber of exposures per examination is not given in this report.

IHMEYS AN ORI OWME ML T L.

*** Average doses of hospitals and clinics surveyed in Hiroshima and Nagasaki.

B, BMoR - BREMECL - TR FHRR" "

were given in the United Nations’ report,'* or those
of Buhl, published by the United Nations.!* Lower
kvp may have been used in their examinations than
ours. Values of Epp et al were designed for
application to various radiology departments’ proce-
dures,® but did not include all roentgenological
examinations. In previous studies, Hiroshima and
Nagasaki community hospital and clinic doses were
calculated as averages from surveys conducted in
1965.1% 15  Doses in those and the present study
were compared according to the number of exposures
indicated in the United Nations’ 1"eport‘1 5

Skin and gonadal doses from our examinations using
relatively high kvp technique were compared with
those of other investigators (Table 3).

In general, skin doses were lower with relatively high
kvp techniques, such as Billings et al'” and ours.
Lack of a trend makes comparison of gonadal doses
difficult. Billings et al gave no gonadal doses for

12,15

REL S TVEEBbRIHF, 2 60EF EEER
M o rEEII L THESNT WS Buhl o#iE!
ZEmEshTwadhshk. BEL{bhbhiDiEY
kvp RS TWwA EELLNSD. Epp 520 Off I,
WENROREESI P MECLBEHTESL YL
STWV3H, TRTOBEEEATV V., Hlo##E
EEVnTIE, LS, EloR  EROSEIZ1966FI2E
LK EISOHEEROTFHEIEL . EH
EEES TR L TH 5 BEMEIIHE -, T, LXOWESR
CEAEBBELUAMERICETSFAEHEL .

RS UERSHERIIoVTIE, HEMEVkpiEE
fFHLTVUEhhbhOBREOHEE L MOMESEOME L
Ml hrwa (£3).

Billings 67 hhbhofEizashnd k0, —H#iC
EmukvpiEloE 0T, EEHERIIES, 2 EMIRGE
lZowTld, —EOEArELREVwOT, 7Okl
Fitw & 5. Billings 51, HFOMREIZE T2 BMHEE
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TABLE 3 SKIN AND GONADAL DOSES
£3 EERLUEMRRGR

Medium and Low KV

Medium KV Technique

High KV Technique

High KV Technique

Technique o
B TE 5 & HETE ik A E & o Present Study
Ardran & Crooks'® Webster & Merrill! Billings, et al” A FE
Examination & Projection (mR) (mR) (mR) (mrad)
Hoes v Gonad 58k Gonad LA Gonad % i Gonad %A
SKin Skifi ———=—— 8k ———————— Skin
2 Male Female k%  Male Female #  Male Female Er  Male Female
B i H ** ] Y 5 £
Chest PA Baft FFlEAm 8 0.01 0.02 20 0.04 0.2 3 0 0 9.2 0.02 0.04
Thoracic spine AP -a
e B AT 480 1.0 1.3 60 0.4 0.2 - - - 250 0.19 0.26
Abdomen AP IE8 BE¥AHm 360 0:5% &5 600 12: 125 210 0 75 160 12(7%) 51
Lumbar spine AP 480 0:5% 95 850 12 150 250 0 95 290 20 94
IEHE B3 A
Lumbar spine Lateral 2000 2.25 270 2900 40 240 1500 0 300 820 10 62
FEHE W

Intravenous pyelogram AP
B EE A

Intravenous pyelogram
Urinary bladder

BiE AR

Pelvis AP 8 I3 Fii
Sacro-iliac joints AP
W 8

480 0.5 495

480 10.0* 80

480 20% 80

600 0.4 40

600 12, 125

650 430 115

700 1.0 13

350 350 155

360 50 155

680 60(18%) 132

660 180 105

219 83 79

660 110 110

*I.ead protector. &



some examinations; some male gonadal doses may
not have been measurable by their dosimetry
apparatus.

The results obtained in this study will be used in
evaluating medical X-ray exposure as a concomitantly-
acting contaminant in the ongoing investigations of
A-bomb survivors. They are reported here for use as
reference data.

IR E A E 0 THE LHELTVEY, H5MMOHRE
22w TlE, PNEoOMBHTRMELLIZ A 2H L
Bbhhs.

AMFETHLONERE, FRERHECOVTERENS S
bhtwa@EIZHVT, OB ERREE: LTO
ERBXSE2FMTrooc@io. £$422E8F LT
RT3z zic@mEanit.

APPENDIX. X-RAY APPARATUS. A - General Electric radiography-fluoroscopy unit, type 8,
130 kvp, 500 ma; KX-8 transformer; Regent table with Scholz spot-filmer; side-rail suspension

of overhead radiography tube with tomography and stereoscopy capabilities.

B - General

Electric radiography unit, type 8, 130 kvp, 500 ma; KX-8 transformer; side-rail suspension of
overhead radiography tube. C - General Electric Fluoricon Il image intensifier, 6-9 inch, with
mirror; vidicon closed-circuit television, 0.5, 1, 2, 3 ma fluoroscopy. Variable fluoroscopy kvp
for automatic brightness control. Overhead radiography tube, crane suspension; 150 kvp, 500
ma. D - Franklin head radiography unit, 100 kvp, 200 ma.

i X SESE.

Kl, 130 kvp,

A —General Electric % — & #HH % &,
KX — 8 Z[E%; Scholz AKX 5 b7 1 L AED{ % Regent B EH; M,
BEZ A — %~ o FIREHEERTA FL — L EHR.

C —General Electrie Fluoricon [[ {4 # =37 -

ftx, EvVayBEREEBFLEY 2, 0.5, 1,
AEER kvp. A=/ FEERSOY T RS 150kvp, 500ma .
BEHESE, 100kvp, 200ma .

12

8 %1130 kvp, 500 ma

DAL Al
B —General Electric 2% E, 8

500 ma ; KX — 8ZFERN; A—/Sny FIBEHETEHTA FL— LS.
4 PR T

6-94vFE %

2, 3maERMEE. BEHEIEHIEERN

D —Franklin 8%
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