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DOSE TO THE GONADS AND BONE MARROW IN RADIOGRAPHIC
EXAMINATIONS AT ABCC

ABCCILB U BAXERECIIAEEEBESLIUBHEE

BACKGROUND

During recent years there has been much interest
in the exposure of populations to ionizing radia-
tion. Regarding diagnostic x-ray exposure, attention
was originally focused on the skin dose during
examinations. Subsequently, great interest developed
in gonadal dose, and particularly its genetic
significance. Bone marrow dose has become an
important consideration as a possible contribution
to leukemogenesis. These considerations, particularly
gonadal and bone marrow dose, are of special
interest to the Atomic Bomb Casualty Commission
(ABCC) program because of its study of the late
effects of radiation, and the prevalence of leukemia
in the populations which experienced the atomic
bombings. A consideration in these studies is the
contribution of diagnostic x-ray procedures to the
overall exposure of subjects under continued medical
study at ABCC.

To assess dose contribution of diagnostic x-ray
examinations, ABCC subjects were interrogated as
to frequency and location of such exposures in
community hospitals and clinics in Hiroshima and
Nagasaki. 1'2  This information plus that obtained
from the community hospitals and clinics® were
combined in an attempt to assign gonadal and bone
marrow dose by various X-ray examinations? but the
wide variations in exposure factors prevented appli-
cation of other investigators' dose data to the situa-
tions in Hiroshima and Nagasaki community hospitals
and clinics. Therefore, a dosimetry program was
undertaken and is currently in progress. The present
work consists of the application of data compiled
by Epp et al5 6 to the radiographic examinations
frequently employed in the ABCC Department of
Radiology.
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JUBRBERIIOVTOEEL, FBEEFAELZES
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PRESENT STUDY

Generally one institution’s average dose data are
not applicable to exposure situations at another. The
dose magnitude depends on several technical factors,
including peak kilovoltage (kvp), target-skin
distance, milliampere seconds (mas), inherent and
added filtration and field size. The data of Epp et
al® 8 were compiled specifically for this application,
since variations in field size, field alignment, tube
kvp and added filtration are considered. Exposure
conditions at ABCC are within the parameters
studied by Epp et al.

Using a phantom to represent the human body,
Epp et al determined gonadal dose and the dose to
the active bone marrow at a number of locations,
varying field size, tube alignment, kvp and added
' filtration for chest, spine, pelvis, and hip examina-
tions, and compiled tables showing dose to various
body sites. Gonadal dose is in milliroentgens/mas
and bone marrow dose, in gram— rad/mas. This éx-
pression accounts for the kind of film, type of
cassette, screen, and Bucky used.

Doses for various kvp values were plotted on log-
log scale forms which represent the extrapolations
of the data compiled by Epp et al to exposure
situations at ABCC. In the data of Epp et al bone
marrow dose is based on an active bone marrow
weight of 1000g for the average adult. No correction
has been made for Japanese subjects because data
are not available at the present time to support
such a correction. The average integral absorbed dose
to the active marrow is expressed in gram-rad/mas.

Dose values for each exposure are shown in Table |,
Dose values for the ‘routine’ exposures for each
examination at ABCC are shown in Table 2.

The error being insignificant, the present tables
are not corrected for the 2.5 mm added aluminum
filtration used at ABCC. Also, the ABCC apparatus
has slightly less output than that by which Epp
and his group compiled the original dose data.
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TABLE 1 GONADAL AND BONE MARROW DOSE IN RADIOGRAPHIC EXPOSURES AT ABCC

#1 ABCCIIB U AWMEREMMEREL L UEHEE

D s
Examination Position it
b L e i Gonadal mr R Bone marrow kvp mas ffd
) Male 5 Female % g-rad 7§ ineh v
Postero-anterior
3 R 0* 0* 2.9 100 5 72
Chest
EW:E Lateral
i {84 4ir 0 0 2.5 110 15.0 72
Antero-posterior (A-P)
Bl B # 360 220 64 100 50.0 40
”E':;:E Lateral
; 5 fir 1120 -7 620 120 120 80.0 40
Hip A-P B3 390 190 33 100 50.0 40
R 1% B
A-P B 3.4 150 40 100 50.0 40
Lumhbosacral Spine [ steiil
.atera
el 8l fir 25 600 120 120 80.0 40
Thoracic Spi AP Bw 0.36 4.4 44 100 40.0 40
m&racm pine e
1R £ 0.24 2.4 78 110 70.0 40
AP B 0 0 12 100 30.0 40
Ce;;rical Spine Eateral 0 0 10 78 40.0 72
= i
Abdomen AP M 2.5 110 28 90  40.0 40
(R
Intravenous Pyelogram
AR & AP MEH 2.8 130 34 110 40.0 40

*Gonads shielded by lead protector ‘EREER (L5 7 4 )2 k0 Bk,
All examinations performed with 2.5 mm Al added filtration. B HFEF + 2T 2.5m Al FMFHRRKEFHTEBL -,



TABLE 2 GONADAL AND BONE MARROW DOSET IN ROUTINE RADIOGRAPHIC EXAMINATIONS AT ABCC

%2 ABCCHlW XmiE T h 1 2 EMIRE s L O H SR

Examination Number of films Dose i X
B A % Gonadal mr S5l Bone marrow
Male % Female i i-vad
B
Chest B .. oonumrmmmariv asimigs . 2 0* 0* 5.4
Pelvis 7 £ &0, 1 360 220 64
Hip** BB nnminnnnani 2 T80 380 66
Lumbosacral Spine BEAlAE ... 2 28 750 160
Thoracic Spine BI#E....................... 2 0.6 6.8 122
Cervical Spine B ..o, 2 0 0 22
Abdomen BEE ... 1 2:5 110 28
Intravenous Pyelogram MARMES &........ 5

14 650 170

+ Based on exposure doses in Table 1. # 1 m#dtiz k5.
*Ganads shielded by lead protector. ‘ERUMREE T 4 02 & 0 k.
** Gonads not shielded. Two A-P views; extension, and 'frog-leg’ flexion. RIS EE S L. 203 E: BN &L T2 | BEdif.



The doses compiled by Epp et al for the lateral
cervical spine examinations are based on a 72 inch
target-film distance, whereas the ABCC examinations
are at 40 inches. Corrections were made for this

in accordance with the inverse square law.

Where exposure factors for similar examinations
Epp et al
doses for

were within the parameters used by

dose has been calculated. Therefore,
abdomen examinations and for intravenous pyelo-

graphy have been included.

Epp et al have not published dose estimates for
examinations of the skull and extremities. Gonadal
dose and active bone marrow dose are very small
during most such procedures, and In many cases
negligible. Under conditions at ABCC, dose cannot
be detected in these regions using sensitive dosimet-
ric apparatus and phantom material, unless multiple
exposures are made. In examinations of the femur,
the gonads are shielded.

DISCUSSION

Average dose incurred during radiographic pro-
cedures at one institution cannot be readily applied
to the factors in another institution, because of
variation in technical factors of exposure. Epp et
al have compiled data considering the most important
factors and their variation, and these are applicable
“to radiographic exposures performed in the ABCC
Department of Radiology. A dosimetry study is
being conducted concerning exposure in the com-
munity hospitals and clinics in licu of applying the
data to the latter. Following such dosimetry, similar

measurements will eventually be made at ABCC.

SUMMARY

Based on the investigations of Epp et al average
gonadal and active bone marrow doses have been
compiled for some of the more frequent radiographic
procedures used at ABCC. These dose values are
expressed for each exposure, and for each examin-
ation including those requiring multiple exposures.

Epp & ZSEHEM Hriudgsz co v TRk 2R E
HT7ANLEHEER, v F 2B EBELAELOTHED

lxb L, ABCC #1387 4 W 4 [ BEAE 1340 4
YFTHEDL. IOHAIZOVTIREEY Rkl CiE

o> THIEZ A 7=,

ZITUHREoOMETE 0B EREA Epp s A H
WS A— s —EHEANIISAZLEOIIOVWTLEES
o, oT, EHHREX PV ISTEEELEXERE
DEOHEL 5.

Epp 6 2TEFE B L UTUHE O X #EEIC &1 2HEE
MBERELTVAL., KESOZ0EORETILE
MR IS NS A T2 EHOMEIIED T
LERTHY, EL{OBHFLALVERLTELEXZ .
VB, ABCCOEMo FTifNeBasiioEs L v
IRY, ez FEosuwEBitbL 77 v 4%
HukeLtd, 2henSoroBREeskpasZ 101
AHHETHD. KRB OMIE IS LR 28R LT
fThbhbhsb.

£ %

WM OEMNERIRL 25, H2MHROKRS
BRECFLOTHEDSN - FHEEHH Lo
BT AAFIILNTEBTELZ DT IR,
Epp 6 HBFEELEREFIZZ20EREERIIAN
TEBONELXTLE-TWE 2L, Z20HEKIZABCC
HARHORECL IO TEILZILFTES.
TmERIcE T AR IIo>wTIE, BB+ EH
TAHRVIIRAERBOBRUEOHEIEDH 5L T W
. ZOMEBAESERA RE, LHATERBEORE
CEAHBRAIENABCCIZIEV T T b3 &2
A9,

® R

Epp 5 &R & M2 L L, ABCC TH B
BT OB XBMEZRFF I TEMBRE LU
EMERE L H T 208612300 6 1 5 PR ERD L.
CHLBEME, 1HOBSE I 1EoME (10
PEnEREENELTIL0EE5T) IZD2VWTRLE.
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