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EXPOSURE TO MEDICAL X-RAY

CHEST X-RAY EXAMINATIONS IN COMMUNITY HOSPITALS AND AT ABCC
BONE MARROW AND GONADAL DOSE ESTIMATES
A X BB
HTHEBREABCC LB 2B XBERE
EHBEELASUVICEREBREREOHT

INTRODUCTION

From July to November 1962, the Department of
Radiology, Atomic Bomb Casualty Commission
(ABCC), Hiroshima and Nagasaki, conducted a
survey in which subjects routinely examined at
ABCC were interrogated regarding medical X-ray
examinations received in the community hospitals
and clinies.! Technical information regarding the
exposures was obtained November 1962-January
1963 in a survey of the responsible community
hospitals and clinies. The latter survey provided
detailed information including manufacturer, type
of X-ray apparatus, and in many instances exposure
factors used by each facility covered by the survey
and the results have also been reported.? A total
of 2503 subjects were involved inthe above surveys
inthe 2 cities. In Hiroshima, the number of subjects
in the surveys totaled 1738. Of these, the
conditions of exposure to chest examinations of
130 individuals in community hospitals and clinics
and 148 chest exposures at ABCC were used in
this study to compile dose to the bone marrow and
gonads. Figure 1 shows the body sites examined
in the Hiroshima subjects, as determined in the
survey of community hospitals and clinics.”

METHODS

Epp et al have compiled tables to show in
milliroentgens/milliampere seconds (mr/mas) the
dose to the gonads and bone marrow for the most
frequent roentgenographic examinations.? The
common positions used for such examinations,
various qualities of radiation, and various conditions
of collimation are included. The tables are
specifically designed for application to diagnostic
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X-ray examinations and can be accommodated to
different qualities of radiation with acceptable
accuracy. In the present study, the dese values
in these tables are applied to chest examinations
at ABCC and in the community hospitals in
Hiroshima. An example of these tables is shown
in Figure 2.

The majority of examinations were of the chest
(Fig. 1). At ABCC, lateral and posteroanterior
(PA) views were obtained routinely, at 72 inch
focal-film distance (ffd). The PA exposures are
made using 100 kilovolts (kvp), 300 milliamperes
and 1/60 second. In the community hospitals,
however, very few subjects received lateral ex-
posures. Therefore, in this study, doses are
determined on the basis of chest examinations only,
including PA and lateral projections for ABCC
examinations, and only PA projection at the
community hospitals and clinics. At ABCC, lead
aprons are used routinely to shield the lower
abdomen and pelvis in all chest examinations arid
measurements indicated no gonadal dose for all
females, and almost all males. Therefore, only
bone marrow dose was determined for these
individuals. However, interrogation of personnel
in the community hospitals and clinics revealed
that no such protective shielding was employed at
these institutions in examining the subjects in this
study.

At ABCC, all technical factors for each exposure
are recorded on cards(Fig. 3)in the Department of
Radiology at the time of examination. For the
present study, the original technique card data
were transferred to the radiography and fluoroscopy
forms (Fig. 4).

Most of the community hospitals and clinics do
not record exposure factors for each examination
and techniques vary widely. This restricted the
application of data from the dosimetric tables.
However, exposure factors were more easily
recalled for chest examinations and this technique
varied less than any other.

In this study, only exposures by transformer type
apparatus were included because exposure factors
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FIGURE 1 NUMBER OF EXAMINATIONS PER SITE OF BODY
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EXAMPLE OF TABLE
zO—H

50°

EXPOSURE DOSE MEASUREMENTS FOR POSTERO-ANTERIOR CHEST X-RAY EXAMINATION
ARRANGEMENT A: 14 x 17 IN. FIELD SIZE AT TARGET-TO-FILM DISTANCE OF .72 IN. HORIZONTAL ALIGNMENT

60kVp 80kVp 100kVp 120kVp
Added Added Added Added Added Added Added
Chamber position filtration filtration filtration filtration filtration filtration filtration
1.1 mm Al 2.1 mm Al 1.3 mm Al 2.1mm Al 1.3mm Al 3.2mm Al 3.0 mm Al
H.V.L. H.V.L. H.V.L. H.V.L. H.V.L. H.V.L. .
1.7 mm Al 2.1mm Al 2.1mm Al 2.8mm Al 2.5mm Al 3.9mm Al Loamm o
mr/mAs mr/mAs mr/mAs mr/mAs mr/mAs mr/mAs mr/mAs
Skin 1.8 1.2 3.2 2.4 4.8 3.0 45
Exit 0.028 0.023 0.086 0.082 0.18 0.15 0.31
C-4 0.25 0.20 0.63 0.55 1.2 0.89 1.5
Sternum 0.085 0.074 0.24 0.20 0.49 0.39 0.76
T-6 0.42 0.36 1.0 0.86 2.0 1.4 2.3
T-12 0.42 0.35 0.95 1.:].83 1.7 1.3 2.1
L5 0.002 0.002 0.007 0.007 0.016 0.014
Iliac 0.002 0.002 0.007 0.007 0.016 0.014 -
Ovary 0.001 0.001 0.005 0.004 0.011 0.010 0.027
Serotum 0.001 0.001 0.003 0.002 0.005 0.004 0.007

X-ray machine exposure dose-rate: Targetchamber distance, 50 em. Field size at chamber 8cm diameter circular field. Kilovoltage 80 kVp. Added filtration 2mm

aluminium,

Tube current 25 mA pulses. Measured exposure dese-rate 21 mr/mAs.

Epp, e al 3
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concerning condenser type apparatus were not avail-
able. No correction for field size was made in
the present study; film size varied in the community
hospitals and clinics and was usually 11 x 14 inches
or less.

The relation of the gonads to the direct beam
during exposures in community hospitals and clinics
as calculated from sitting height, standing height,
tube height and cone size, for each exposure(Fig. 5).

For PA chest examinations with transformer
type apparatus only, there were 29 males and 35
females; 12 females examined at 5 hospitals

and 6 clinics had direct exposure to the gonads.

Although some hospitals - examined only males
calculation showed that with identical techniques
and collimation, female gonads would have been
in the direct beam.
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FIGURE 5 COMPUTING CARD FOR SUMMARY OF EXPOSURE TO X-RAY
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dimensions of the fields used in the community
hospitals and clinics during exposure of subjects
in this study were obtained in an earlier survey?
for Hiroshima and Nagasaki (Fig. 6).

The ffd used in the community hospitals was
usually around 200 cm. Since Epp’s tables gave
values for ffd of 180cm, and ffd varied for
examinations in the community hospitals and clinics,
a correction factor based on the inverse square
law was applied (Fig, 7).
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FIGURE 7 CORRECTION FACTORS Continued

BI7 HiEFE fiz
L LA T T T
- PA und Lateral Chest .
s5.0F O £ e UFOM 7 e R
ea | J
-
=
A 3
E
]
]
1oL ]
[ !
- y
[ 8 Bone marrow dose 3
A AR
- .
RN POV 0 L O (R ) L
50 100 200 400
fid jomi
RESULTS m R

Based on Epp's tables, gonadal doses in mr/mas
for the chest examinations using various energies
and amounts of added filtration are shown in
Figures 8-9.

Using Epp’s tables, integrated bone marrow
doses were determined for PA and lateral chest
examinations at the Department of Radiology,
ABCC. These tables provide values for 90 kvp
for lateral chest examinations, but ABCC employs
higher kvp for lateral projections. However, the
data of Epp do not take into account other energies
for lateral chest examinations. Figures 10-11
show bone marrow dose in gram-rad/mas, for
chest examinations with varying energies and
added filtration.

Because of the very few lateral examinations, only
PA chest examinations were considered for
community hospitals and clinics in Hiroshima.

A card was used to record exposure factors and
dose data based on Epp’s tables for each exposure
of each subject (Fig. 12).
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Estimated gonadal and bone marrow doses were
thus calculated for average exposure to PA chest
examinations of the survey subjects in community
hospitals and clinics in Hiroshima (Table 1). The
estimated female gonadal dose differed between
hospitals and cliniecs. In hospitals, females whose
gonads were located in the direct beam received
relatively high (110) kvp; whereas, in clinics
relatively low (60) kvp was experienced. This
may partially account for the difference in the
doses.

For 148 ABCC Hiroshima subjects, only bone
marrow dose was calculated because the gonadal
dose was rendered nil by protective shielding.
Dose is given per exposure, for each projection
(Table 2). No correction for kvp or added filtration
was made for the lateral projection.

Bone marrow and gonadal dose, for lateral chest

examination reported by Epp et al® is shown in
Table 3. S

FIGURE 8 GONADAL DOSE, PA CHEST EXAMINATION
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FIGURE 9 GONADAL DOSE Continued
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gm-rad/mas

FIGURE 10 BONE MARROW DOSE, PA CHEST EXAMINATION 180cm FFD, ADDED FILTRATION
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FIGURE 11 BONE MARROW DOSE, PA CHEST EXAMINATION 180 cm FFD, KVP
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FIGURE 12 CALCULATION OF GONADAL AND BONE MARROW DOSE
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TABLE 1 ESTIMATED GONADAL AND BONE MARROW DOSE, PA CHEST EXAMINATIONS
COMMUNITY HOSPITALS AND CLINICS, HIROSHIMA
F1 HHEGmESXHBEECLIAEMEL S FIEMEERE Bixks L CER, B
Hnsﬁitals b Clinics ER
Male % Female <« Male # Female 4
Gonadal dose per exposure (mr) 20y (20) (10} (15}
1B EoERIREE 0.03 1.1 0.03 0.6
Gonads in direct beam { 6) {5
HEEFEFTTAEMM . 3.4 1.7
Gonads not in direct beam (20) (14} (10) (10)
PR ER O VMR 0.03 0.1 0.03 0.03
Bone marrow dose per exposure(gm-rad) (20} (20) (10} (15)
IRDEEE FRCTOR 8 Fo 5 3.5 3.3 2.3 3.0

MNumber of subjects on whom dose was determined shown in parentheses,

HAMOBFIR, BRAMFshToINRERETT.

TABLE 2 BONE MARROW DOSE, PA AND LATERAL CHEST EXAMINATIONS ABCC, HIROSHIMA*

F2 ETEhABLIUMAmMBEXEREICL 3 EHERE ABCCIEE

Male #B

LAT.**
Bl e

Female #

LAT.**
18l 5

PA
WA

PA
1

Bone marrow dose per exposure (gm-rad) 3.1 2.6 2.8 2.5

1 [ B g 4 o0 AR R

Total number of subjects

MREEH:

148

* 1-16 November 1962

** No correction for kvp or added filtration.

19624E11H 1 —16H
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TABLE 3 MEASUREMENT OF GONADAL AND BONE MARROW DOSE, LATERAL CHEST EXAMINATION

#3

ERERRERE 5 VNI B MR o flE,

{8047 1 Bl 6 X R R

Site  #{x

Dose &t

Ovary: BBEainaas
Scrotum E#

Bone Marrow ¥

90 kvp 180 ffd

DISCUSSION

The data of Epp et al were used to compile bone
marrow and gonadal dose values for X-ray exami-
nations at ABCC, Hiroshima and in the community
Examinations at ABCC are
in accordance with technique charts, all exposure

hospitals and clinies.

factors are routinely recorded on technique cards
at the time of each examination, and wide variation
in factors of exposure is not encountered. In
the community hospitals and clinics, examinations
are frequently conducted without predetermined
factors in accordance with technique charts,
exposure factors are not routinely recorded at the
time of each examination, nor are they readily recalled
by personnel conducting the examinations.? Chest
examinations were greatest in number and showed
the least variation in technique but lateral pro-
jections were not included in most examinations.
Where discrepancies could be resolved within
acceptable limits, correction factors were em-

ployed. Some were excluded because factors were
not available for the type of apparatus used.

The present study was limited to chest exami-
nations in the community hospitals and clinics, and
a similar number of examinations at ABCC was
included for comparison. Epp’s data are readily
applicable to the procedures at ABCC, but widely
varying techniques restrict application to exposures
in the community hospitals and clinics. Epp's
data will be further applied to ABCC procedures,
and, supplemented with dosimetry using phantom
material, both at ABCC and where possible in the
community hospitals and clinics.
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0.005 mr/mas
0.001 mr/mas

0.15 gm-rad/mas

2mm Aluminum

Epp et al®

REABCC % 5 Flz b E D Fsfe P[RR TIT 4 -

XA DL S, B ES S UE IR R &
Epp 6 ORI &R LTk, ABCCTORANL,

RISV TITabA, TRNTORSEMTEE
W%ﬂ”h@ﬁ PRI S — FizilgkEhanT,
Rz kE o ZMzEn ot v, Lok
o UILER T, MEEmEETHL TlE L L

A EMfizEZswtimtbhasaz @b,
FME—MIcHREORE

0 g
ilzidggsh gt vy, n b,

MAM N FIZEEG Iz AP B w2 B
NigfER, B2 abhTsy, WBHED
ZREBIVAEh s EEL, KIEOBRECIEMK
BT obhTtuwhw, THRELHSIZE, @ik
FHERCTREERBOM O AR 2 i2IE
Lz, ZEfiHsnsEE ol 2 BEEEFATT

shhs bl an-t 0N ETHS.

AWML, HMotoRREL L ICERICEIT 3
WX EBECREEATED, LB O~ ABCC
CEAFEOMEES b/, Epp O ERIL, ABCC
OBREBEIZIERICEH TR Hi 7C 00 998 Bt 2 [E B
Tk sy gflEggichb 20, Fh&EE
TAZEIEHEENRE. Epp 0FEHE S 4 ABCC

“3’

OmEFIZE 526 HE + 3 &4z, ABCC XM, T
shifTomEECERIEVWTE, 777 F— 4
EBMERITL - TIEBMEREZRKDSPETS



SUMMARY

Gonadal and bone marrow dose values were
calculated according to the methods and data of
Epp et al, for chest examinations in the Department
of Radiology, ABCC, Hiroshima and in community
hospitals and clinics of Hiroshima. Methods of
application and results are described. The data
were readily applied to procedures used at ABCC,
but not to those used in community hospitals and
clinics because of their wide variations in factors.
For this reason, they were applied to PA chest
examinations only in case of these institutions.
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