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BONE MARROW AND GONADAL DOSE IN ROENTGENOGRAPHY
EXCLUDING POSTEROANTERIOR CHEST EXAMINATIONS
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INTRODUCTION

A program in medical X-ray dosimetry is in progress
at ABCC to assess relative contribution of this
source to the overall exposure of atomic bomb
survivors and comparison subjects. The ABCC-
JNIH Adule Health Study! is the focus for this
program.

Bone marrow and gonadal doses from diagnostic
procedures have been reported for examinations
performed within certain parameters of exposure.?2.3
Doses can be determined in institutions employing
technical factors within these confines.

We had little knowledge of factors of exposure used
in hospitals and clinics in Hiroshima and Nagasaki,
and it was not proper to apply the dose data of
others2:3 to these procedures. We therefore surveyed
Adult Health Study subjects4-0 and the hospitals
and clinics7:8 at which they reported exposure,
and by phantom dosimetry calculated individual bone
marrow and gonadal doses to these subjects.?,10

In addition to trends of exposure of participating
subjects,4-6 characteristics of radiologic practice
have been evaluated by surveys of all large and
randomly sampled relatively small institutions in
Hiroshima and Nagasaki,!l and in a large general
hospital in Hiroshima.l2

Procedures in these surveys of subjects and
institutions were similar to those of other investi-
gators,13,14 and equipment and methods used in
other studies2:3 have been adopted in our program.
Rather than with large population doses, these
studies have dealt mainly with doses to individuals
participating in the Adult Health Study.l! To fulfill
these purposes, two series of subject surveys,
hospital and clinic surveys and phantom dosimetry
were completed in 1964, and in 1966.5-10 This is a
report of part of the dosimetry in the latter series,
the remainder being published separately.10
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FIGURE I ENTIRE MIX-D PHANTOM CONTAINING SKELETON
Bl BEE2EAXEMix -DAK7 v A

MATERIALS AND METHOD

Phantom Materials A Mix-D phantom containing a
human skeleton, beeswax-impregnated cellulose to
represent lung tissue, and accommodating small
ionization chambers within marrow cavities and at
gonad positions was used according to the method
of Laughlin et all5 (Figure 1). Thirteen sites were
used for bone marrow dose measurements and three
for gonadal dose as follows:

Bone Marrow Dose

1 Vertex of skull

2 Fourth cervical vertebral body
3, 4 Both sixth ribs laterally

5 Sixth thoracic vertebral body

G Sternum (manubrium)
Twelfth thoracic vertebral body

8 Fifth lumbar vertebral body
9,10 Both iliac crests
11,12 Both femoral necks

13 Pubic symphysis

Gonadal Dose

1, 2 Both ovaries
3 Testes
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Plain Mix-D block phantoms were used in depth
dose measurements inside the X-ray beam, and to
measure dose by scattered radiation.

Dosimeters Memorial polystyrene ionization
chambers16,17 were used with a Baldwin-Farmer
type RB electrometer, to measure bone marrow and
gonadal dose. An Electronic Instrument Limited
dose meter, model 37 A, 18 equipped with a 35 cc
polystyrene ionization chamberl? was used to
measure surface dose and monitor X-ray output.

Radiographic Unit A General Electric diagnostic
radiographic unit (130 kvp, 500 ma) with full-wave
rectification was used to expose the phantom. A
detailed description of other dosimetry equipment
usedhas been reported elsewhere.20

Experimental Procedure Experimental conditions
and procedures used here were similar to those in
a study of posteroanterior chest- exposures.l0
There was variation in focal-film distance in these
exposures, but 100 cm was most often used. Kvp
and other factors also varied. Kvp, filtration, cone
and field-sizes used in exposures of these subjects
were reproduced by exposure of the phantom.
Depth dose and dose from scattered radiation was
assessed using a Mix-D block phantom as in the
previous study.1? Procedure for calculating doses
inside and outside the direct beam was essentially
the same as in the previous study.l? Bone marrow
integral dose was calculated according to a lattice,
details of which are published elsewhere.?l To
minimize discrepancies between the output and
nominal voltages, and thar of the experimental unir,
practically all X-ray apparatus represented in this
study was assessed for output and radiation
quality. 22

RESULTS AND DISCUSSION

Table 1 shows mean bone marrow integral doses in
gram-rad and male and female gonadal doses in
millirad per exposure, by body site and projection.
Table 2 shows bone marrow integral and gonadal
dose with standard deviation, for five of the body
sites examined. Other body sites are not included
because of their relatively small number. Data for
Hiroshima and Nagasaki are combined in Tables 1
and 2 because Nagasaki exposures and examinations
were relatively few compared to those of Hiroshima.

Table 3 shows bone marrow integral and gonadal
dose per examination, and the number of exposures
per examination, for each projection. Exposure para-
meters shown were obtained from a previous study.8

Technical factors used in the exposures of the
subjects represented in this study varied widely,
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TABLE 1 MEAN BONE MARROW INTEGRAL AND GONADAL DOSE PER EXPOSURE FOR X-RAY EXAMINATIONS OF
ABCC-J NIH ADULT HEALTH STUDY SUBJECTS (EXCLUDING POSTEROANTERIOR CHEST)

Bl AR EESEREC A EE RS X S0 X EREN RS 2D O

R A & R R T P i
Exposure Gonadal Dose
Examination Projection B 5 |n] % Bone Marrow A TA N s N
e BB 91 s faotes Dosc £ e
Male Female A fedi Y T4 it Male Female
L] i L i
g-rad mrad
Skull wEY PA TR 3 2 12.7 <.01 <.,01
AP WH 1 10.5 <01 S
Lat {f i 4 3 22.5 <.01 <.01
Ventriculography fHid S it i PA AT 1 43.4 <.0l -
AP B AT 1 28.3 <.01 G
Lat {4 0 2 14.2 <.01 -
Sinuses il B PA A 3 6 7.90 <.01 <.01
PA obl #Ii i - 2 9.86 - <.01
Lat filH0m 1 - 6.71 <.01 -
C-spine it AP I 3 2 10.7 <.01 <.0
Lar fil #i1i 1 2 13.2 <.01 <.01
Shoulder Kb AP A 7 5 4.77 <.01 34
AP obl Bi# 8 - 2 8.72 - 9.39
Rib i PA, PA obl :, 3 1 41.9 .60 .03
W A, WA
AP BT KA - 1 58.3 - 7.44
Chest lg & PA obl 7567 Hirm - 6 9.07 - 0.47
Lat @l A 4 6 16.9 <.01 2.92
Chest tomography 58 i 1 B 38t i AP B i 59 56 13.9 0.15 0,25
T-spine 4 #E AP, AP obl 3 7 11.9 46 1.58
W5 ik, B R 0
Lat I J50 1 5 51.5 .01 0.34
Gall bladder 2% PA, PA obl 28 51 11.9 2.77 5.93
W, WA TN
VP P R 11 T O AP AR 9 23 45.4 8.55 144
L-spine [ AP TEHE Him 23 30 39.8 12.1 127
AP obl IH ¥ #Hi i 12 6 43.0 8.17 126
Lac {1l 771 24 30 71.4 7.81 73.3
Abdomen 1% &6 AP TEIE 5 16 34.0 11.9 123
Lat il ki - 1 52.8 - 52.8
Myelography # i B4 i AP I3 Hinm - 2 31.0 = 310
Lac %A - 1 8.71 - 38.0
Pelvis &4t AP I HE 5 8 47.1 98.6 144
Lat {4l 1 - 5 22.0 - 46.7
Knee joint MEME AP, Lat 20 15 <1 .25 0.07

LR o O s R
Other (Elbow joint, leg, hand &
wrist, etc.) 25 32 <1 <.,01 <.,01
@i (R, W, F, FE, 2 ofb)

Mean values for left & right ovarian doses are used for lateral projections. 4 M oFHEa e fan@E i rsenThdd,
< undetectable < il E A~ i
PA= Posteroanterior. AP = Anteroposterior. Lat= Lateral 0Obl= Obligque.



TABLE 2 MEAN BONE MARROW INTEGRAL AND GONADAL DOSE WITH STANDARD DEVIATION FOR X-RAY
EXAMINATIONS OF ADULT HEALTH STUDY SUBJECTS, HIROSHIMA AND NAGASAKI HOSPITALS

L gt

B s L UEREBOREEICE

#2

VTN AL R A AR X

B

Hfm o

i e

Wk UCEE IR T A & R

Examination
f AT

Projection

&

1

Exposure

1 & [u] £

Bone Marrow
Integral Dose

Gonadal Dose (M + o)
R E (TEfEe )

1 4

Male Female Mt Male Female
] i (Pl o) % &
g-rad mrad

Gall bladder 104 PA, PA obl 28 51 11.9 +10.5 2.77 £ 4.40 S99 512

B A, RS
IVP IR LR AP MW AR 9 23 45.4 +35.7 8.55 + 18.1 144  *45.2
L-spine HEfi AP WHEHME 23 30 39.8 +29,2 Tl v s a0 127 529

AP obl W& 12 6 43.0 £27.2 87 5370 126 o ked

Lat il Jim 24 30 71.4 +51.7 Fe Qi 24422 73.3 151.4
Abdomen I3 & AP I HmE 5 16 34.0 +23.2 11.9 + 21.9 123 £83.0
Pelvis 8 AP 14 5 5 i 5 8 47,1 33,0 98.6 *116 144  +86.8

TABLE 3 MEAN BONE MARROW INTEGRAL AND GONADAL DOSE PER X-RAY EXAMINATION OF
ADULT HEALTH STUDY SUBJECTS, HIROSHIMA AND NAGASAKI HOSPITALS
£3 BB EUCERMORRECECTRAEEMNENREAE T 2 X SR o 5 ERE 5 & OERIIRCTE iR

Gonadal Dose

= s b — P T R Bone Marrow s .
fxarilf?tlxon Num ,.m, Pr‘ol]e,c"t_lclmfﬁxd}mmauon Intseal Doge B g E
i s 0T B H 288 2 7 ) 9 o B[] : :
4l T A Bt Male % Female i
g-rad mrad

Skull 9R AT 5 PA W IE A il 0.8 41.4 < .01 <.01
AP T3 A 1l 0.4
Lat {8l K 1.2

Ventriculography WS4 ¥ 1 PA 1 7 a) 1.0 100 <.01 e i
AP 3% 75 i 1.0
Lat il 7 101 2.0

Sinuses Ml GLIE 10 PA, PA obl ¥l Hm, WHHEHm 1.3 10.9 <.01 <.01

C-spine  #ifE 3 AP i 3 5 11 1.7 30.2 <.01 <.01
Lat ) 4 16 1.0

Shoulder & 10 AP, AP obl B N, WWHEEm 1.1 5.65 .01 1.86

Rib i 5 PA, PA obl liJm, WHHNE 0.8 5.2 .60 3.74
AP BEA% 10 0.2

Chest e B 360 PA, PA obl FEIim, #HEHHE 1.1 5.00 .16 .61
Lat {1 5 1 0.02

Chest tomography MSIETE@mE 22 AP W H i 4.6 64.5 .69 1.13

T-spine it 9 AP, AP obl MM, W¥HHE 1.1 53.3 -46 2.13
Lat  {#7%m 0.8

Gall bladder #H%§ 28 PA, PA obl ¥ im, WEBEAm 2.5 30.3 739 14.3

VP R R T A R 9 AP BB 3F A7 1E) 2.6 116.0 15.3 505

L-spine 1% 40 AP, AP obl M m, MHEE LN 1.4 134 25.9 234
Lat {8l 45 1 1.1

Abdomen 1% 13 AP 153 75 5 i 152 39.2 11.9 150

Pelvis i 8 AP LAY i1k 1.1 66.7 98.6 239
Lat il 4 151 0.6

Knee joint BERMJE 10 AP B35 S0 2.0 <1 0.50 0.12
Lat R0 X5 1]




and the standard deviations shown in Table 2 were
Results obtained in this study
with those obtained by

relatively large.

are at variance other
investigators,3 though some of them are of the

same order.

Gonadal doses in this study were generally lower

than those of Heller, et al23 and the Adrian
Committee,!3 but those were studies of large
populations. Gonadal doses in this study were

similar to those of Epp et al,3 who used similar
methods Depth doses
studies

and in some
obtained from
Methods and instrumentation may

be partially responsible for all of these differences.

apparatus.
reported
surface doses.

previously were

Variations in body build and their relation to field
sizes may also be contributing factors. i

These doses per exposure and per examination, and
those obtained in other studies?:10 will help assess
total medical X-ray dose to Adult Health Study

subjects. All of these dosimetry studies and
surveys assessing radiologic practice!l will be
used to estimate dose to Adult Health Study

studies
All of these srtudies may preve
useful in of dose to the
populations of Hiroshima and Nagasaki.

subjects for periods when no dosimetry
were conducted.

further examinations

SUMMARY

Bone marrow and gonadal doses were measured for
all examinations other than posteroanterior chest
roentgenography Adult Health Study
subjects in Hiroshima and Nagasaki hospitals and
clinies. Results of this study will be used to
total exposure of these
These results, combined with those
studies, will also be useful
estimates of dose to the populations of Hiroshima

received by

determine
medical X-ray.

subjects to
of other in future

and Nagasaki.
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